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ABSTRACT

With rapidly increasing world population and limited fresh water resour ces
(around 3% of total global inventory), 21 st Century is being envisioned as an era of
acute water stress. In particular, the semi  -arid countries like Pakistan are going to
be hit hard by this calamity. Accordi ngso6t o oI
countries with per capita availability under 35,315 ft 3 (1000 m3) start experiencing
water shortages hampering health and well being of the population. By now (2010)
Pakistan has almost touched this level and may approach 19,423 ft 3 (550 m3) per
capita mark by 2025.

Most of the developed semi -arid countries have already created enough water
storage capacity while a number of developing nations are bracing themselves for
coping with this adversity. Unfortunately, however, Pakistan has not been able to
undertake any such measures. Resultantly, there has been a complete moratorium
on the construction of mega dams after commissioning of Tarbela in 1976. Only
recently (August 2009) the Government of Pakistan has approved construction of
Diamer Basha Dam Proj ect on the Indus River. If taken up on priority basis, it may
take about 10 years for implementation. On the other hand, it will hardly
compensate for the storage loss of existing reservoirs still leaving a wide gap in
meeting the projected water demands. Catastrophic floods of 2010 have brought
into sharp focus the need for flood control through storage dams. In this context, the
downstream most location for the proposed Kalabagh Dam, besides its substantial
irrigation and power benefits, may have definite edge over the other available
options.

This paper reviews current situation in the context of: resource base and its
utilization; grain production and requirements for projected population by 2025;
existing infrastructure of Indus Basin Irrigation System and projected water
demands / storage requirements under 2025 scenario; and energy demands along
with needed generation expansion programme through 2025. Based on this
analysis, the paper establishes: need for large storages; status of related studies in
21st Century; water storage requirement by 2025; and sequencing of dams on the
basis of current engineering preparedness as well as capability of flood regulation.

Associate NDC & Project Manager, Diamer Basha Consultants, WAPDA, Lahore; paper
contributed for 71 st Annual Session of Pakistan Enginee ring Congress
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1. 21°TCENTURY WATER AVAILABILITY SCENARIO

1.1 Global Context

It is estimated that out of the total global inventory of water resources only
about 3% consist of fresh water. On the other hand, for meeting the food and fibre
requirements of rapidly increasing world population, the demands on fresh water
resources are on constant increase. The position may further deteriorate due to
global warming causing deglaciation with consequent reduction of fresh water
resource through rise in the level of oceans.

In the above scenario of growing scarcity the primary st ress will come on to
the semi-arid countries mostly located in South Asia, Middle East and Sub  -Saharan
Africa (refer S -1). According to the global Water Scarcity Indicators (refer S -2) any
country with less than 1700 m 3 per capita availability will start f  acing seasonal or
regular water stressed conditions. With this figure dropping around 550 m 3 per
capita by 2025 (refer S-2 and S-10) the water shortages will cause severe
constraints to human life. Therefore, during 21 st century, there will be need for
conservation of water in Pakistan like other semi -arid countries through
construction of storages (refer S -3).

To brace for the anticipated water -stressed conditions, a number of
developing semi-arid countries have already started harnessing the surface wate r
resources through construction of storages (refer S -4).

1.2 Pakistan Context

The present status of 0St or agaer i RlerCoQanpgirti a&
(refer S-5) shows that Pakistan with a figure of 150 m 3 per capita is almost at the
bottom. Therefo re, there is a dire need for Pakistan to immediately embark on the
construction of mega dams.

Notwithstanding this writing on the wall, there has been an unfortunate
complete moratorium on the construction of large dams after commissioning of
Tarbela Dam in 1976. This situation warrants that construction of large dams in
Pakistan should be taken up on war footing. Though recent approval of Diamer
Basha Dam is silver lining to the cloud, at least one more project of similar size
needs to be taken up for co mpletion by 2025.

2. UTILIZATION STATUS OF PAKISTAN LAND AND WATER
RESOURCES

2.1 Land Resources and Utilization

Out of the total geographical area of 196 million acres (MA) or 79 million
hectares (Mha), about 77 MA or 31 Mha (about 39%) is suitable for  agriculture
(refer S-6). Currently, about 55 MA or 22 Mha (71%) of the arable land is being
cultivated as irrigated and Barani area. Thus over 22 MA or about 9 Mha are still
available for agriculture subject to availability of water.
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2.2 \Water Resources

2.2.1 Rainfall

The natural precipitation in Pakistan is low and irregular. The average
annual rainfall is about 15 inches (375 mm) and its occurrence varies widely and
more than half of the country receives under 8 inches (200 mm) of annual rainfall.

On the other hand, the annual evaporation is invariably higher due to semi -arid
environment. Therefore, this cannot be treated as a dependable source for irrigation
except wutilization for ©o6Barani & agriculture a
2.2.2 Surface Water
Pakistands primary water resource 1is the

With division of rivers between India and Pakistan under the Indus Waters Treaty
(1960), Pakistan is now basically dependent on the three Western Rivers of Indus
(including Kabul), Jhelum and Chenab. Some minor flood flows generated in the
catchment areas of Eastern Rivers (Ravi and Sutlej) lying within Pakistan will also
continue to contribute.

Average annual post -Tarbela (1976 -2008) flows of the Western Rivers
aggregated to 144.6 million acre feet (MAF) or 178.4 billion cubic meters (BCM)
(refer S-7). By assuming 3.8 MAF or 4.7 BCM Eastern Rivers runoff generation
within Pakistan, the total available surface water comes to 148.4 MAF or 183.1
BCM (refer S -7). River fl ows in Pakistan are highly seasonal, with about 18% of
annual flows occurring in Rabi and the bulk of remaining 82% in Kharif season.
Three existing storage dams (Mangla, Chashma and Tarbela) with original live
storage of 15.7 MAF (19.4 BCM) have provided some regulation but 31.5 MAF (38.9
BCM) uncontrolled flows (1975 -2008), basically during June to August, are still
unutilized and flowing out to sea (also refer S  -8).

It has been estimated by the World Bank that due to deglaciation caused by
global warmin g, the inflows of Indus River, which contributes 90 MAF (111 BCM)
out of 145 MAF (179 BCM), are likely to increase during the first half of 21 st
century. The increase may be between 20 to 50% during the first half of century
depending on annual temperature rise (refer S -9). However, during the second half
of century, there may be a corresponding reduction in the river inflows. Indus River
is the primary source of flows as well as possesses sites of large storages. Therefore,
under this likely scenario, it w ill be desirable to concentrate upon construction of
large dams during the first half of 21 st century.

2.3 Water Availability and Population Growth

Starting from a population of about 30 million at the time of Independence in
1947, the current (2010) | evel is around 170 million and projected to touch 225
million by 2025 (refer S -10). Against this, the canal withdrawals in Indus Basin
Irrigation System (IBIS) at the time of Independence were around 60 MAF (74
BCM), which progressively increased, almost i n keeping with the population
growth, to 106 MAF (131 BCM) during the period of 1976 -81 immediately following
the commissioning of Tarbela Dam.
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Later on, due to non -addition of any major storage and sedimentation of the
existing ones, the canal withdrawa |Is started stagnating. The average withdrawal
figure dropped to 104 MAF (128.3 BCM) by 2002 and currently (2010) stands
around 102 MAF (125.9 BCM). It may further drop to about 96 MAF (118.5 BCM)
by 2025 without any investment in storage (refer S  -10).

While the canal withdrawals are on the decline (due to combined effect of
reservoir sedimentation, non -addition of any new major storage and drought
conditions of last decade), the population growth is rampant. Currently (2010)
estimated figure of around 170 million is projected to touch 225 million by 2025.
Consequently, the current per capital water availability of over 1000 m 3 could come
down to the acute stress level of 550 m 2 in 2025 (also refer S -10). To cope with this
bleak scenario, there is no other option except to conserve the surplus water
through construction of large dams.

2.4 Grain Production and Water Requirement Till 2025
2.4.1 Grain Production Requirement

2.4.1.1 Projections Through 2025

In 1990, the annual grain production requirements to feed the population
were around 20 million tonnes (MT) and being essentially met. However, with
increasing population, the current requirements are about 39 MT and may grow to
53 MT by 2025. Against this, the current production under water constraint
(primarily due to lack of adequate storage capacity) is only around 28  MT with
consequent shortfall of 11 MT. If no further investment is made in dams till 2025,
this deficit may increase to a yawning gap of 18 MT (refer S -11).

2.4.1.2 Depressed Cereal Yelds

Due to almost persistent water stress during critical crop periods, the cereal
yields in Pakistan are the lowest among the producing countries. These are about
31% of Egypt and 90% of even neighbouring country of India (refer S -12). To remedy
this si tuation, one of the essential agricultural input is the adequate and timely
availability of water for meeting the crops needs.

2.4.2 Projected Water Demands

According to World Bankds ©6Country Water
2005, Paki st emrids forvwagricutture, ntunicipal uses and industry in
2003 aggregated to about 110 MAF or 136 BCM (refer S -13). Against this, the
projected demand of 2025 would aggregate to over 140 MAF or 173 BCM (also refer
S-13).

Obviously, the primary source of supp lying these demands could be the major
storages to harness the unregulated flows of the Indus River System.
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3. INDUS BASIN IRRIGATION SYSTEM AND CANAL WITHDRAWALS

3.1 Indus Basin Irrigation System (IBIS)

Pakistan possesses o0one oifjuous irigatioweystéend s | ar
(refer S-14). Presently, the Indus Basin Irrigation System (IBIS) serves 45 canals
with a commend area of 35 MA (14Mha) through an extensive primary, secondary
and tertiary system and three on -line storages with designed live capac ity of 15.7
MAF or 19.4 BCM (refer S -15)

3.2 Impact of Storages on Canal Withdrawals

Before induction of storages, IBIS was based on run -of-the-river supplies with
wide inter and intra seasonal variation in canal withdrawals. However, with the
regulatio n provided through storages at Mangla, Chashma and Tarbela, it was
possible to significantly regulate the high flow as well as increase the Rabi supplies
from 12% to 21% of annual flows through seasonal carry -over from Kharif (refer S -
16). Consequently, as compared to the pre -Mangla (1960 -67) period the annual
canal withdrawals over the post -Tarbela (1976 -2008) period showed an overall
increase of 15.5% (refer S-18). Particularly, the increase in Rabi was 27.7% with
20% during the low flow period of Septemb er to June (refer S -17 & 18).

As the available flow surplus occurs over 70 -100 days, for any further
development of sustainable agriculture, storage water is required to supplement the
supplies during the remaining period of low flows. For the existing ¢ onditions, it has
been estimated that about 40% of new irrigation demands can be met from the
surplus flow while the remainder 60% has to be provided through storage (refer S -
19).

3.3 Existing / Projected Canal Withdrawals of IBIS

As already mentioned, a fter peaking at 106 MAF (131 BCM) during
immediate post -Tarbela period (1976 -81), the canal withdrawals in IBIS have
started declining primarily due to sedimentation of on -line reservoirs and the
prevailing average (2010) canal withdrawals are around 102 M AF or 125.9 BCM
(refer S-20).

After commissioning of Raised Mangla (live storage of 2.9 MAF or 3.6 BCM)
and completion of under -construction irrigation projects of Greater Thal, Kachhi
and Rainee, the average canal withdrawals over 2010 -20 may attain a le vel of 107
MAF (132 BCM). With expected completion of Diamer Basha Dam in 2020, the
canal withdrawals may touch 117 MAF (144.4 BCM) mark, which are coincidentally
Para 2 Allocations under inter -provincial Water Apportionment Accord of 1991
(refer S-20).

It has been estimated that with effective river regulation through adequate
storage capacity the canal diversions can be taken to the optimum (ultimate) level
of 131 MAF or 161.7 BCM (also refer S -20). However, this may require creation of
an aggregate stor age capacity of between 35 to 40 MAF (43 to 49 BCM) on the Indus
River System.
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4. MEDIUM TERM LIVE STORAGE CAPACITY AND REQUIREMENT

In the medium term scenario of uptil 2025, the available storage capacity has
been projected after considering sedimentati on of the reservoirs. This shows that in
IBIS (refer S -22):

I. Existing three storages would have lost about 4.6 MAF (5.7 BCM) of live
capacity till 2010;

ii.  With addition of Raised Mangla in 2010 -11, the available live capacity would
increase to 14 M AF (17.3 BCM) but reduce to 13 MAF (16 BCM) till 2020;

iii.  With addition of Diamer Basha in 2020 the live capacity would go up to 19.4
MAF (23.9 BCM); and

iv. Reduce to 18.6 MAF (23 BCM) by 2025.

By considering the above storage availability, it is p  rojected that the canal
withdrawals (refer S -21):

i. In post-Raised Mangla period of 2010 -20 may only touch 107 MAF (132 BCM)
against the target of 121 MAF (149 BCM); and

ii. In post-Diamer Basha period of 2020 -25 a withdrawal level of 117 MAF
(144.4 BCM) could be attainable against the target of 125 MAF (154.3 BCM).

It can be seen from the above analysis that for meeting the projected
irrigation demands by 2025, there will be serious shortfall of about 8 MAF or 9.9
BCM (refer S -21) even with Raised Ma ngla and Diamer Basha reservoirs. This will
require addition of at least another major storage by 2025 and preferably early for
flood control to avoid repetition of damages like 2010.

Based on the last (2005) analysis of World Bank contained in the study on
6Country Water Resources Assistance Strategydéc
from new storages. It has been assessed (refer S -23) that whereas Punjab and Sindh
would proportionately benefit to the extent of about 10%, the corresponding figures
for NWFP (Khyber Pakhtunkhwa) and Balochistan would be about 25% and 50%,
respectively.

5. NATIONAL ENERGY SCENARIO

It has been estimated that, even on a modest basis, the national peak energy
demand of 16500 MW in 2008 -09 will go to 60500 MW in 2024 -25 (refer S-24). The
existing (2008 -09) generation capacity of 17830 MW comprised: 11264 thermal
including Independent Power Producers (IPPs); and 6566 MW hydel system of
WAPDA. Despite this, it is not possible to meet the peak demand and the whole
nation is now facing one of the worst and prolonged load -sheding of upto 5000 MW.
This has been caused by a combination of constraints comprising: no dependable
system spare capacity; de -rating of existing thermal units, non -availability of gas
for thermal power statio ns; and seasonal reduction in hydel capability due to
drawdown of reservoirs.
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According to the proposed 6Generation
reserve (refer S-24), it is envisaged that for 2024 -25 conditions, total hydel
installation would be 23600 MW indicating an addition of about 17000 MW over the
present capacity. The corresponding thermal: hydel ratio will be 3.85:1. This heavy
reliance on thermal generation could: raise the power tariff to almost
unaffordability level by the consumers; an d further the existing circular debt
problem to an unmanageable level.

It is conservatively estimated that hydropower potential of River Indus alone
is about 40,000 MW (refer S -25). Therefore, the basic plank of generation expansion
should be maximum har nessing of hydel potential. Besides an environmental
friendly source of energy, this would save billions of US dollars to be spent annually
on the import of fuel for thermal generation.

6. NEED FOR STORAGES AND CONSEQUENCES OF INACTION

6.1 Rationale

According to global criteria, Pakistan is already water stressed semi  -arid
country with annual per capita availability of over just 35,315 ft 3 (1000 m3). The
position is worsening and with rapidly increasing population, by 2025 this may drop
to 19,423 ft 3 (550 m3) representing acute water stressed conditions (refer S -10).

Besides this global context, the national context would point out to the most
compelling need for water storages. This may be due to a combination of various
factors such as (refer S -26):

I. Food and fiber requirements of burgeoning population;
ii.  Providing rapidly increasing power demands at affordable tariffs;
iii. Compensation for depleting storages; and
iv.  Flood regulation through control of large escapages of flows into the se  a.

The storages would also enable affective river regulation and integration of
IBIS. Another relevant, though newly emerging, factor will be the need to harness
the increased Indus River inflows during the first half of 21 st century as a result of
deglaciation due to global warming (refer S -9). This situation may be further
aggravated through recurrence of catastrophic floods similar to 2010.

6.2 Large v/s Small Dams

Sometimes it is debated that, as the large dams in Pakistan become
controversial, we s hould concentrate on small dams. It may be pointed out that
large and small dams serve altogether different purposes and are not mutually
exclusive (refer S -27). Therefore, besides the small dams now being undertaken in
all the provinces to serve local are as, the need of hour to get out of the abysmal
situation lies in priority construction of large dams.

Expa
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6.3 Return on Infrastructural Investment

A Worl d Bank Study (2002) , evaluated
Infrastructure and Management of Water Resource s ( r-28). Aacordmlgly, in

the o6Developing Countriesd the returns on
definite edge over management investments. Therefore, for investments in Pakistan

to construct large storages, the International Financing Insti tutions (IFIs) should

be willing donors.

2
0

6.4 StorageYield Capacity of Indus River

As part of World Bank (Lieftinck) Study in 1968, the storage yield capability
was assessed for the main surface water supply source of Indus River (refer S -29).
Accordingly, upto a storage capacity of 35 MAF or 43 BCM (against the current 11.1
MAF or 13.7 BCM) the yield of about 23 MAF (28.4 BCM) or over 65% could be
achieved. This should dispel the apprehension of certain quarters that surplus
water may not be available t o fill the new storages. Furthermore, it may be noted
from S-29 that upto 25 MAF or 31 BCM (the projected storage requirement by 2025)
the storage yield of about 23 MAF (28.4 BCM) would represent over 90%.

6.5 Consequencesf Not Building Large Dams

It i s a matter of fact that irrigated agriculture is still the backbone of
national economy of Pakistan. The level of agriculture production is directly related
to the timely availability and effective use of water as the primary input. Therefore,
Pakistan has no other choice except to embark upon a programme for sequential
construction of at least three large dams till 2025. On the other hand, the
consequences of not building the large dams will be (refer S -30):

i. Progressive loss of existing storage capaci ty;

ii. Recurring inter -provincial disputes on water sharing particularly during
early Kharif;

iii.  Serious undermining of national food security;
iv.  Stinted growth of agricultural and industrial sectors;

v. Non-utilization of large escapages to se a providing an excuse to upper
riparians (India / Afghanistan) to make harmful unauthorized abstractions
from western Rivers; and

vi. Heavy dependence on thermal power generation causing prohibitive rise in
power tariffs.

1. RECENT WATER RESOURCEEBVEIOPMENT STUDIES AND POLICY
INITIATIVES

Since the start of 21 st Century, a number of water resources development
studies, with primary emphasis on storages, have been carried out by the concerned
national agencies and IFIs. The notable amongst these were (r efer S-31):

. WAPDAOGs Vision 2025 Programme (2001) ;
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i. ADBO6s Water Strategy Study (2002) ;
iii. Worl d Bankds Water Policy Study (2002) ;
iv. Report by GoPds Technical Committee on Wat

v. Worl d Bankds R e p o r ountryo WatelP Relksadurses aAssistancg
Strategy (2005).

The relevant recommendati ons were also r e
Devel opment Frameworko (2005). Il n particul ar,
approved by the Federal Cabinet in 2001 envisaged deve lopment of 26 MAF (32
BCM) of storages to ensure national water security (refer S  -32).

During 2005, the erstwhile Federal Government took a policy decision to
pursue implementation of five dams. These dams with an aggregate live storage
capacity of over 20 MAF (25 BCM) comprised: Diamer Basha (6.4 MAF or 7.9 BCM);
Kurram Tangi (1.2 MAF or 1.5 BCM); Munda (0.67 MAF or 0.8 BCM); Akhori (6.0
MAF or 7.4 BCM); and Kalabagh (6.1 MAF or 7.5 BCM).

In 2008, after coming into power, the incumbent Federal Government decided
to shelve Kalabagh Dam Project due to its controversial nature and assign priority
to implementation of Diamer Basha Dam Project.

8. 2010 DEVASTATING FLOODS IN PAKISTAN

The rivers of Pakistan are a blessing, but they also generate super floods
bringing in their wake widespread devastation of life and property and the
infrastructure painfully developed over decades. This reality was driven home by
the super floods experienced during 2010.

The wor st flooding in Paki st afying beaviestst or y
monsoon rains in decades which began towards the end of July 2010 in the upper
Indus River catchment located in Khyber Pakhtunkhwa (KPK) and Gilgit -Baltistan
Areas (GBA). It headed south, following the course of Indus River, wrecking lives,
property and infrastructure in Punjab, Sindh and Balochistan, adding to a sea of
other woes in Pakistan. This was the longest incidence of flooding in Pakistan which
kept ravaging almost till end of September 2010 (refer S  -33).

81 Rdbgds qx B\dshi akiktanT MQ

Soon after start of flooding, Mr. Ban Ki -moon, Secretary General of United
Nations, visited Pakistan on 16 August 2010. He aerially inspected the flood
affected areas and also visited some relief camps. He gave the following statements
in his press conference at the end of this visit:

¢ | have never seen such devastation before;

e The damages are more than the combined toll of Tsunami of 2004 and the
earthquake in some parts of Kashmir in 2005;

e Over 20 million people have been affect ed and are in urgent need of drinking
water, food and shelter;
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8.2

S-33),

8.3

Over a million houses have been destroyed;
Over 10 thousand villages have been flooded;

US$ 27 million have been immediately paid to Pakistan to be followed by
another 10 million and an appeal for 459 million made to member countries;

Pakistan and member countries of United Nations have not yet realized the
gravity of the tragedy;

Assessment of actual damages will be possible only after the flood waters
have receded; and

Pakis tan will not be able to rebuild itself alone.

Initial Assessment of Flood Damages

According to preliminary assessment (till 26 September 2010 as indicated in
the material damages and human misery imposed by floods comprised:

Several kilomet ers of highways ,roads and railways including bridges and
electricity lines were washed away;

Several flood protection bunds and embankments and irrigation canals were
breached,;

Some 70,000 troops were deployed , and thousands of stranded people
plucked by army helicopters from their rooftops;

Around 1890 people lost their lives due to washing away or getting buried
under the debris of their over 1.9 million deluged houses;

More deaths due to starvation were feared as the relief efforts were tak  ing
time;

Over 20 million (about 12% of population ) was affected with unprecedented
human misery;

Outbreak of water borne diseases such as cholera and malaria was feared;
About 1 million acres of land with standing crops were submerged;

Over 700,000 farm animals perished; and

Food scarcity was feared in Pakistan.

Flood Control Through Large Dams
A record flood (about 1 in 500 year interval) was generated in Swat River

towards end of July 2010 due to unprecedented rains in the upper cat chment. If at
this time, Munda Dam was there, it would have effectively regulated the super flood

in Swat River, thus avoiding widespread devastation lower down in Khyber
Pakhtunkhwa province particularly around Nowshera. Similarly, if Kalabagh Dam

was there, it would have controlled the unprecedented floods in Indus River and
helped to avoid widespread devastation in the downstream areas of Punjab, Sindh
and Balochistan provinces. Thus, the presence of these large dams would have



Pakistan Engineering Congress, 71st Annual Session Proceedings 13

substantially reduced the devastation caused by 2010 super floods. Global history of
20t century abounds with similar examples of successful control of floods. During

2010 floods, the adjacent areas of India were spared the agony of devastation
similar to Pakistan basically duet o sizeable storage capacity on the Eastern Rivers.

9. ENVIRONMENTAL IMPACT OF LARGE STORAGES AND THE
OPPONENTS

In order to meet the need for food and fiber and electricity of rapidly growing
population and to improve the quality of life, it is essential t o develop the water
resources of Pakistan. The realistic options that are available are not without
probl ems. However, a ono storageso6é option i
and fails to take account of the needs of the people. Large storage da ms are a viable
option in the context of rivers of Pakistan. River flows are large in summer
monsoons and very low in winter season. To store and evenly distribute the river
water over the year, the only solution is construction of mega dams. Such dams
have both positive and negative environmental impacts as illustrated by the
following examples.

9.1 Grand Coulee and Hoover Dams in USA

After global economic depression of 1930s, in 1933 the Federal Govt. of USA
evolved massive development programme for west ern regions of the country
including control of floods. The plan envisioned a number of public works projects
and infrastructure programmes including Hoover Dam on Colorado River
(completed in 1936); and Grand Coulee dam on Colombia River (completed in 194 2)
representing worl dods | argest at t hat ti me.
unequivocally established over time, not only the need but justification for these
mega dams. In the same spirit, construction of dams was vigorously pursued in
USA till end of th e 20th Century. Consequently, there are now about 75,000 dams
in USA including 18 largest dams in the world varying in height from 500 to 770
feet or 152 to 235 meters.

9.2 Three Gorges Dam in China

China built the Three Gorges Dam -wor | dds | apoger fatility ory dr o
the Yangtze River during 1994 - 2003. The main goals were to protect the Chinese
nation from devastating floods and to develop a large block of clean hydroelectric
power (22,000 MWs installation generating about 92 billion kwh annually) t o bring
economic prosperity to the interior of China.

Chinads National Peopleds Congress a
Dam in 1992. Excavation for damdés found
resettlement programme initiated at the same tim e. Other problems were solved
along the way.

Historically, flood damages caused by Yangtze River were recorded as
follows: -

ppr ove
ati
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Year Fatalities Horlr_gltess E[s)t;lr:gtgg Farmland Submerged
1931 145,000 108 million $ 10 billion | 7.41 MA (3 Mha)

1935 142,000 10 million 0.04 MA (151 million m 2)
1954 33,000 19 million 19.8 MA (8 Mha)

1995 1,200 4 million $ 4 billion | 6.7 MA (2.7 Mha)

1996 2,700 $ 26 billion

1998 3,000 $ 20 billion | 0.07 MA (267 million m 2)

Construction of Three Gorges Dam has resul ted in the following positive

impacts: -

e Protecting the Chinese nation from devastation by uncontrolled floods of
Yangtze River.

e Huge electricity generation (92 billion kwh) to save fuel burning equivalent
of 50 million tons of coal per year and preve nt toxic emissions of about 100
million tons of CO > and 1.2-2 million tons of sulfur dioxide and large
guantities of particulates.

e Secured irrigation water supply during periods of drought in the middle and
lower reaches of the river.

e Five-fold

incr ease

in the navigation facility through 373 miles (600
kilometers) of the middle stretches of the river.

e Improved opportunities for tourism and creation of new jobs.

¢ Improved farming activities owing to water conservation and improvement in

soils.

e Coming into existence of new population centers transforming regional
lifestyles from rural to urban.

Negative impacts of the dam are:

e About 160,619 Acres (650 sq. kilometers) of land area including large

proportion of cultivated land have been submer

ged.

e Reservoir stretches about 373 miles (600 kilometers) upstream affecting 5

cities and provinces and about 20 local communities.

e Between 1.2 to 1.4 million people have been dislocated and resettled.

e Some 1,100 archeological sites, going back to around 3000 years, have been
submerged and mitigated through protection.

e Reservoir induced landslides have taken place in some geologically active
areas.
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e Some ecological problems are anticipated causing modification of the
watershed, including fis heries of the river basin.

¢ Sediment outflows to the sea have decreased resulting in coastal erosion and
change in the ecological characteristics and productivity of East China Sea (It
has been estimated that delta will be increasingly eroded during the first five
decades after full operation and then approach a balance during next five
decades as sediments start to move through the reservoir).

9.3 Dams in China

By the end of 20t Century, China topped the world in the number of large
dams in any country with aggregate storage capacity of about 373 MAF (460 BCM).
China constructed more than 50,000 dams in the last 50 years in the watershed of
the Yangtze river alone.

9.4 Narmada Valley Dams In India

Narmada River Development Programme is a scheme to bui Id 3,200 dams,
including 30 large dams along the Narmada River. Basic objective of this
programme is to supply hydropower, irrigation supplies and drinking water to the
surrounding regions.

9.4.1 Narmada Dam (Sardar Srovar Dam)

Narmada Dam is the largest multipurpose dam in the Narmada valley with a
height of 535 feet (163 m). Construction started in 1984 displacing about 500,000
villagers mostly untouchables and another 700,000 livelihoods were adversely
affected. The reservoir spreads over 33,606 Acres (136 km?2) and stores about 4.5
MAF (5.6 BCM) of water. It will generate 3000 MW of hydroelectricity.

Narmada River flows through three states 0 Madhya Pradesh, Maharashtra
and Gujarat. The dam has been built in Gujarat State about 62 miles (100 km)
upstrea m o f its outfaldl i nto Arabian Sea.
irrigation system carrying 40,000 cusecs (1134 m 3/s) of water to irrigate 5.2 MA (2.1
Mha) of command area including 2 districts in Rajasthan State. It provides drinking
water to about 14,000 villages of State. The dam has been built in drought prone
Gujarat State and the power house is also located in the Gujarat State.

Construction of the dam started in 1988. Great opposition to the construction
of the dam was started by enviro nmentalists at home and abroad. In 1989 Japanese
withdrew 27 billion Yen loan but the construction continued. World Bank withdrew
support in 1993 but the State Government provided funds to continue the
construction. In1994 the Gujarat Government ordered cl osing of the sluice gates
and flooding of the valley started.

Litigation continued and by mid 1994 a writ petition was filed in the
Supreme Court of India by the Save Narmada Front (local and foreign supported
group). In 1995 the Court ordered suspension of construction with the dam at 262 ft
(80 m) height. In 1999 the Supreme Court ordered construction to continue up to
279 ft (85 m) dam height. However, In October 2000 the Supreme Court okayed the

t

e



16 Tarar

dam construction to planned height. Consequently, the da m has been completed
despite gl obal protests and is now termed O0a
devel opment in the National i nterestd.

9.4.2 Large Dams in India

As reported in the ICOLD World Register of Dams, by 1998 India had 4,291
Large Dams (9% of World Dam Population). Of these, 2,256 dams were built in the
peak period from 1971 to 1990.

9.5 Large Dams in Pakistan

Unfortunately, after commissioning of Tarbela Dam in 1976, Pakistan failed
to undertake implementation of any long term programme to harness the beneficial
potential of rivers of Pakistan by launching a programme of construction of large
dams despite a number of studies favouring this approach. The main impediment in
this regard was chasing by Federal Government the elusive goal of ach ieving
Onational consensusao. The ray of hope +n thi
provincial Water Apportionment Accord in 1991, where the need for construction of
storages, wherever feasible, was recognized. Consequently, efforts were restarted to
reactivate the stalled Kalabagh Dam Project but aborted due to stiff resistance
from: anti -dam lobby of vested interest; lower riparian syndrome of Sindh against
construction of any large dam; and achieving the so called consensus. WAPDA again
tried to pur sue the issue through its Vision 2025 Programme which was approved
by the Federal Government in 2001. Consequently, in 2004 the Government
approved construction of five large dams comprising: Kalabagh, Diamer Basha,
Munda, Kurram Tangi and Akhori. Among th  ese, Kalabagh was assigned priority
but again the Government failed to achieve consensus. Instead, priority was
assigned to Diamer Basha Dam which is now due for launching after completion of
design and tender documentation. Notwithstanding this, the erstw hile Government
tried to keep alive the issue of Kalabagh Dam awaiting go ahead after: completion
of prolonged engineering studies; establishment of techno -economic viability; and
preparation of tender designs and documentation. Unfortunately, however, the
incumbent elected government soon after taking over the reins of the country in
2008 shelved Kalabagh Dam Project under the pretext of lacking national
consensus and prioritized construction of Diamer Basha Dam Project.

With 2010 event of catastrophic fl oods, a totally new dimension has been
added to the urgent need for constructing large dams to control this menace of
unimaginable proportion. Therefore, a welcome national debate has started for
effective flood control through construction of large dams. Front runner in this
regard is Kalabagh Dam with storage capacity of 6.1 MAF (7.5 BCM), power
potential of 3600 MW with large blocks of clean and cheap hydroelectric energy for
economic uplift and better quality of life for the citizens and augmenting drin king
and irrigation water supply in cyclical drought periods. Similarly, Munda Dam with
its installed capacity of 700 MW could provide effective regulation of Swat River
floods with ameliorating effect on the downstream Nowshera Valley.
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Although construc tion of Diamer Basha Dam Project is now being taken up,
it may take at least 10 years for implementation. On the other hand, the
catastrophic floods of 2010 have brought into sharp focus the urgency for flood
control measures through construction of large  dams. In this context, Kalabagh
Dam Project seems to be a preferable choice. Needless to add that Kalabagh Dam is
ideally located with respect to water and power distribution networks, is accessible
by road and rail and can be completed within 7 -8 years.

10. MINIMUM ADDITIONAL STORAGE REQUIREMENT BY 2025

To sustain the agricultural economy as well as ensure national food autarky
through the mainstay of IBIS, an estimate has been made of the minimum
additional storage requirements by 2025 (refer S -34). Accordingly the minimum
additional storage requirement by 2025 (over and above 2.9 MAF or 3.6 BCM of
Raised Mangla) would be 18 MAF (22 BCM) comprising:

I. 6 MAF (7.4 BCM) for replacement of on -line storages loss; and

i. 18 MAF (22 BCM) for bridging the g ap between projected irrigation demand
and anticipated canal withdrawals without investment in storage.

11. CONSTRUCTION OF ADDITIONAL LARGE DAMS

11.1 Current Statusof Engineering

As already mentioned, in 2005 the Federal Cabinet took policy initiative t o]
construct five large dams, which was conveyed to the nation through the
Presidential Pronouncement. Accordingly (refer S -35 & 36), the five large dams
comprised: Kalabagh; Diamer Basha; Akhroi; Munda; and Kurram Tangi. As a
sequel to the above policy decision of GoP, the engineering studies were pursued by
WAPDA, particularly of the large dams to store Indus flows. On the
recommendati on of 0Technical Commi ttee on W
(Katzar a) Dam on |l ndus was al s o ngndedire d t o 1

~

Preparedness Statusd of t-B7pindicdtesthag: | ar ge dams

i. Diamer Basha, after completion of design and tenders, is now entering the
implementation stages after approval of GoP in August 2009 and start on the
preliminary work s.

ii. Kalabagh Dam, though ready for implementation, is in suspended animation
due to lack of national consensus.

iii. Feasibility Study of Akhori Dam has been completed and go ahead for tender
design awaited.

11.2 ProposedWay Forward

Based on the curr ent status of OEngineering Pr
mentioned five storage dams could be implemented through 2025 subject to
availability of funding. The aggregate live capacity of over 20 MAF (25 BCM) to
come from these dams would be also adequate to m eet the above mentioned
minimum additional storage requirement by 2025. Proposed sequencing of three
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large dams (refer S -38) is: Diamer Basha with live storage of 6.4 MAF (7.9 BCM)
already approved by GoP (2010 -20); Kalabagh having live storage of 6.1 MAF (7.5
BCM) with special focus on its flood regulating capability (2015 -22); and Akhori
with live storage of 6.0 MAF or 7.4 BCM (2020 -25).

OProposed Way Forwarddo for achieving over
storages for different uses is (refer S -39):

i.  Priority launching of Diamer Basha Dam Project with adequate local / foreign
funding commitments from GoP;

ii. Start of parallel efforts to achieve national consensus regarding need and
sequencing of two additional storages for: effective flood reg ulation to avoid
catastrophy like 2010; and meeting 2025 requirements; and

iii.  Engaging the international communities and IFIs (WB / ADB) in supporting
the needed reservoir infrastructure, particularly in view of the favourable
climate created after the floods of 2010.

11.3 Diamer Basha Dam Project

It also seems pertinent to highlight various salient features of Diamer Basha
Dam Project, which is now entering the implementation stage. It is proposed to be
located on Indus River about 40 km downstream of  Chilas, the district headquarter
of Diamer in Northern Areas (now Gilgit -Baltistan) (refer S -40). The dam will be
892 feet (272 m) high roller compacted concrete (RCC) structure with two 2250 MW
each underground powerhouses on both sides (refer S -41). It will have a live storage
capacity of 6.4 MAF (7.9 BCM) to provide for the directly needed supplemental
water for IBIS. The installed capacity of 4,500 MW would yield an annual
generation of 18,100 GWh. In addition, Tarbela Dam would generate extra 1,100
GWh through conjunctive operation with Diamer Basha Dam. The environmental
impacts would be also relatively moderate for a large dam. These would comprise:
total land acquisition of 37419 acres (15149 ha) with agricultural land of 2811 acres
(1138 ha) only; directly affecting a population of about 28,650 in 31 villages to be
resettled in the Model Villages around reservoir periphery; and submergence of
about 59 miles (94 km) of existing Karakoram Highway (KKH).
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S-1
Availability of Freshwater in 2000
Average River Flows and Groundwater Recharge
ﬁ‘ - i ’::/’ L
-

Countries with

the least freshwater resources

Egypt : 26 |

United Arab Emirates : 61 g

Countries with ‘

the most freshwater resources §
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S-2
WATER SCARCITY INDICATORS
(BY FALKENMARK)

> 1700 mé / Capita Water Scarcity Rare
<1700 m3/ Capita Country Faces Seasonal or Regular

Water-Stressed Conditions

<1000 m® / Capita Water Shortages Hamper the Health and
Well Being of the Human Beings

<500 m3/ Capita Shortages are Severe Constraints to
Human Life
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S-3
NEED FOR WATER CONSERVATION IN SEMI-ARID REGIONS
DURING 21ST CENTURY

A Acute Water Scarcity

A High Population Growth

A Increased Competing Demands Particularly Food and Fiber
Requirements

A Large Dams An Effective Means of Water Conservation and
Low Cost Environmental Friendly Power Generation

NUMBER OF DAMS IN ASIA PACIFIC REGION
UNDER CONSTRUCTION
(50 ft AND ABOVE IN HEIGHT)

Country Name Total Height Above 200 ft
(60 m)

China 253 59

Turkey 113 22

India 28 6

Iran 52 28

Japan 97 35

Pakistan 1 1
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STORAGE PER CAPITA IN DIFFERENT SEMI-ARID COUNTRIES
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S-7
SURFACE WATER AVAILABILITY FOR INDUS RIVER SYSTEM
Sr. No. | Source Post-Tarbela * Availability
(MAF)
I Western Rivers
1. [ Indus at Kalabagh 90.3
2. | Jhelum at Mangla 22.8
3. | Chenab at Marala 26.5
4. | Sub-total (1+2+3) 139.6
5. | NWFP Diversions Above Kalabagh 5.0
6. | Total (1) 144.6
Il Eastern Rivers Run-off Within 3.8
Pakistan
I Total (I+I) 148.4
v Present Utilization 102.0
Vv Escapage Below Kotri 31.5
* Average from 1976-2008
S-8
POST-TARBELA ESCAPAGES BELOW KOTRI
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S-9
PROJECTED ACCUMULATED EFFECTS OF DEGLACIATION ON INDUS
RIVER FLOWS DURING 21st CENTURY
Indus at Besham Qila
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S-10
PAKISTAN
WATER AVAILABILITY VS POPULATION GROWTH
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S-11
PAKISTAN
GRAIN PRODUCTION REQUIREMENT AND PRODUCTION
60 -
53
50 - _l
A0 §
! 35
L R o
20 |
Production With Water
Constraint
10 A
0 T T T } 1 T |
1990 1995 2000 2005 2010 2015 2020 2025
S-12
CEREAL YIELDS IN DIFFERENT COUNTRIES
Sr. No. | Country Yield (kg / ha)
1. United Kingdom 6609
2. France 6517
3. Egypt 5921
4, Korea 5815
5. Japan 5588
6. Germany 5588
7. U.S.A 5092
8. Italy 4739
0. China 4482
10. India 2062
11. Pakistan 1860

Source: World Bank
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PROJECTED DEMANDS FOR WATER IN PAKISTAN
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SCHEMATIC DIAGRAM 1 INDUS RIVER IRRIGATION SYSTEM
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S-15
PAKISTAN - INDUS BASIN IRRIGATION SYSTEM
Sr. | Infrastructure Quantum
No.
1 Storage Reservoirs:
a.  Number 3
b. Live Capacity (Designed) 15.7 MAF (19.4 BCM)
2 Barrages / Headworks / Syphons 23
3 Main Irrigation Canals:
a.  Number 45
b. Command Area 35 MA (14.2 Mha)
c. Length Including Distribution System 38,000 miles (60,800 km)
4 | Water Courses:
a.  Number (Approximate) 90,000
b. Length (Approximate) 1 million miles (1.6 million km)
Source: WAPDA
S-16
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S-17
INDUS BASIN IRRIGATION SYSTEM
COMPARISON OF CANAL HEAD WITHDRAWALS DURING DIFFERENT PERIODS
120
100 - g E ok
= g i
g 60 ‘D\ ::
3 \
> I @ i
40 Q \\\ o~ g; 3 (\‘5 E.:.:
0¥5S 588388 N 2 8 3P
20 | NER NE N 7% o
= EI \ =
x| NE NS NE:
0 -!!!. : b = : x'.' : = : \\\=E':' " i‘;
Early Kharif (Apr-  High Flow (Jul- Late Kharif (Sep) Total Kharif (Apr - Rabi (Oct - Mar) Annual (Apr - Mar)
Jun) Aug) Sep)
Period
EIPre- Mangla-> (60-67) BlPre-Chashma->(67-71) ElPre-Tarbela->(71-76)
EPost-Tarbela->(76-08) [EIPre-Accord -(1981-91) mPost-Accord -(1992-2008)
S-18
INCREASE OF AVERAGE CANAL WITHDRAWALS
DURING 1976-2008 AGAINST 1960-67
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S-19
INDUS BASIN IRRIGATION SYSTEM
BASIS FOR PROVIDING ADDITIONAL DEMANDS DURING
SCARCITY & SURPLUS FLOW PERIODS
. CANAL CAPACITY FACTORS
Month & 10 Daily | Average Canal | Source of Water Supply | Remarks
Period Capacity Factor
Oct 1to Mar 3 0.5 Storage Existing flow-cum-storage fully committed
April 1to 3 0.6 Partial contribution from flow during high
May 1to 3 08 Flow-cum-Storage snowmelt conditions
Jun 1 to Aug 3 1.0 Flow surplus also available for additional
Sep 1 10 Surplus Flow storage
2 1.0
3 0.8 Flow-cum-Storage Including river channel gains after floods
Il. ANNUAL RATIOS BETWEEN SURPLUS FLOW AND SCARCITY PERIODS
1. Average Annual Canal Capacity Factor= 0.5x18 +06x3+0.8x3+1x9+1+1+.8 =% =07
36
2. Accumulative Capacity Factors:-
i. Scarcity Period (Sep 2 to May 3): 15
ii. Surplus Flow Period (Jun 1to Sep 1): 10
3. Ratio Between Scarcity and Surplus Flow Periods= 0.6:0.4
S-20

PAKISTAN - INDUS RIVER SYSTEM
AVERAGE INFLOWS V/S CANAL DIVERSIONS
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S-21
ESTIMATED AVERAGE CANAL WITHDRAWALS AND
CORRESPONDING STORAGE AVAILABILITY THROUGH 2025
Period Average System Canal Average Storage Remarks
Withdrawals / Demands Availability
(MAF) (MAF)
1960-67 88 - Pre-Mangla
1967-71 95 5.3 Pre-Chashma
1971-77 95 6.0 Pre-Tarbela
1977-82 105 15.7 Post-Tarbela
1982-91 104 14.4 Pre-Accord
1991-2010 100 125 Post-Accord
1976-2008 102 13.4 Post-Tarbela
2010-2020 107 135 Post-Raised
(121) Mangla
2020-2025 117 19.0 Post-Diamer
(125) Basha
Figures in () depict estimated demand
S-22
PROJECTED SEDIMENTATION AND LIVE STROAGE CAPACITY
THROUGH 2025
25
15.7 MAF from 6.4 MAF from
Tarbela, Mangla Diamer Basha
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Source: World Bank / WAPDA
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S-23
WHO BENEFITS FROM NEW INDUS STORAGES?
0O Current OO0 Additional A Proportion
60 )
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Pakhtunkhwa) Source: World Bank
S-24

ESTIMATED ENERGY / PEAK DEMAND AND

N R T AN O R QRRAMME
Capacity (MW) 2) Hydel
Ge(nGevl"Ii:':;on D((amr;d Total Hydelb) Ratio
2008-09 94000 16500 178302 6566 2721
2008-09 102100 17900 19919 6638 3.00:1
2008-10 111500 19400 22174 6864 3.23:1
2010-11 121300 20900 27033 6985 3.87:1
201112 131800 22500 27706 6985 4.25:1
201213 142700 24100 32646 7205 4.53:1
201314 154400 25900 34590 7289 4751
201415 167000 28000 37808 8669 4.36:1
201516 180000 30200 41995 11026 3.81:1
201617 193600 32500 45445 12646 3.59:1
2017-18 208000 34900 50600 14771 3.43:1
2018-19 225800 37900 54785 15896 3.45:1
2019-20 245000 41100 60600 17021 3.56:1
2020-21 265100 44600 66245 18146 3.65:1
2021-22 287000 48200 71305 18146 3.93:1
2022-23 310200 52100 76825 19946 3.85:1
2023-24 334500 56200 82885 21746 3.81:1
2024-25 360100 60500 90695 23546 3.85:1

a Including system reserve
b) Actual existing generation capacity

Source: WAPDA
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S-25
ESTIMATED HYDROPWER POTENTIAL OF INDUS MAIN RIVER
Sr. No. Location Installed Capacity / Potential (MW) Remarks
| Already Developed
1 | Tarbela 3478
2 | Ghazi-Barotha 1450
3 | Chashma 180
4 | Sub-total (1) 5108
1} Future Potential
1 | Jinnah 96 Under Implementation
2 | Kalabagh 3600 Bidding Documents Ready
3 | Akhori 600 Feasibility Completed
4 | Tarbela (Fourth Extension) 960 Tender Design in Hand
5 | Thakot 3395
6 | Pattan 2800
7 | Dasu 4300 Feasibility Completed
8 | Diamer Basha 4500 Bidding Documents Ready
9 | Raikot 2700
10 | Bunji 7100 Feasibility Completed
11 | Tungus 1300
12 | Skardu 3000
13 | Sub-total (Il) 34351
] Total (I+1) 39459
Say 40,000 MW Source: WAPDA
S-26

PAKISTAN’S NEED FOR LARGE STORAGE DAMS

+ Water scarce country as per Global Criteria

+ Rapidly increasing population with enhancing need of food and fiber

* Meeting rapidly increasing energy requirements at affordable tariffs

+ Sustainability and development of national economy

* Depleting on-line storages

* Flood regulation through storage of large uncontrolled escapages
into sea

+ Effective river regulation and integration of existing irrigation system

* Harnessing of Indus river flows expected to increase during first half
of 21st century due to deglaciation
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LARGE V/S SMALL DAMS e
Feature Large Dam Small Dam
APurpose Multi Single
AStorage Capability Large Small
AStorage Life Long Short
ABye Product Cheap Hydropower | None
AFlood Control Effective Nominal
ABeneficiary Area Large (Like Indus Small (local)
Basin)
ARe-regulating Substantial Nominal
Capability
AConstruction Cost/ |Low High
Acre Foot
AConstruction Period |Long Short
AEconomic Impact Extensive (National | Limited (Local
Level) Level)
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RATES OF RETURN ON INVESTMENT ON INFRASTRUCTURE AND

MANAGEMENT OF WATER RESOURCES

Retums on Investment
1

Infrastructure
Investments

Management
Investments

Type 3

Developing

Stratagy 2002.

Source: Workd Bank, Chira Country Water Resounces Assistance

> Developed

Source: World Bank 2003
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ADDITIONAL STORAGE YIELD CURVE FOR INDUS RIVER
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CONSEQUENCES OF NOT BUILDING LARGE DAMS

* Progressive loss of existing storage capacity with resultant shortfall in
committed irrigation supplies.

* Recurring Inter-provincial disputes on water sharing, particularly
during early Kharif (in the prevailing drought) when even existing
irrigation uses cannot be sustained in the absence of additional
storage(s).

» Serious undermining of national food security.
« Stinted growth of domestic industrial and agricultural sectors.

* Non-utilization of large water escapage to sea providing an excuse to
upper riparians (India / Afghanistan) to make harmful unauthorized
abstractions from the Western Rivers.

* Enhanced dependence on thermal power generation through imported
fuel causing prohibitive rise in the power tariff.
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WATER RESOURCES DEVELOPMENT STUDIES

+ Water Resources and Hydropower Development - Vision 2025,
WAPDA, January 2001

+ Water Strategy Study, ADB, 2000

* Water Strategy Study, World Bank, 2002

* Report of Technical Committee on Water Resources, August 2005

+ Pakistan: Country Water Resources Assistance Strategy — Water
Economy Running Dry, World Bank, November 2005
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