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Abstract

Pakistan's interest in nuclear technology dates back to the late 1950s, when Pakistan
Atomic Energy Commission (PAEC) was established with the responsibility of promoting
peaceful uses of nuclear technology for the development of national economy. A beginning
was made in the field of nuclear power generation by commissioning the 137 MW Karachi
Nuclear Power Plant (KANUPP) in 1971. In addition to KANUPP, the other activities during
this period included studies for nuclear power & sea water desalination in the coastal areas.
This was followed by a series of feasibility and long term planning studies (1969-1981) to
study and firm up the prospects of nuclear power in the country, using the ever-improving
analytical tools and data base. An Energy & Nuclear Power Planning Study for Pakistan has
just been completed as a technical cooperation project of the IAEA to provide a sound basis
for the formulation of the strategy for future development of nuclear power. The successful
functioning of KANUPP and the 300 MW NPP (CHASNUPP) presently being built by China
have given the country great confidence and a sense of direction to plan more nuclear units
in future, in the S&MR range, in a manner that would progressively lead to a high degree of
self-reliance. A large number of studies have been carried out in the past all over the world
to investigate the possibility of using nuclear generated heat for the purpose of desalting
seawater. It is now proposed that IAEA may initiate a programme to install an International
Demonstration Nuclear Desalination Plant (IDNDP) in some developing country to provide
hands on experience in this field.

1. INTRODUCTION

Although the energy and electricity demand in Pakistan has been growing quite rapidly
in recent decades yet the present levels of per capita energy consumption (0.28 TOE) and per
capita electricity consumption (300 kWh) are low compared to the world norms. Electricity
is available to only about 57% of the country's population and due to shortage of installed
generation capacity load shedding has been a frequent practice in recent years.

In order to eliminate load shedding the Government of Pakistan has been encouraging
private sector to invest in power generation and for this purpose a package of incentives was
announced in 1994 [1]. As a consequence of interest shown by the private sector it is expected
that by year 1998 the installed capacity in the country would be at a level of about 18,000
MW (of which some 4,300 MW will be from the private sector) and the menace of load
shedding will be eliminated. However, most of the capacity additions from private sector will
be based on oil. As some 80% of the oil used in Pakistan is imported so the private sector
power generation projects will enhance the vulnerability of the country to changes in the
international price of oil. It is therefore imperative that in addition to exploiting indigenous
energy resources for the power sector to the maximum feasible extent a gradual development
of nuclear power should also be undertaken so as to reduce reliance on imported fuels and to
contain increase in electricity generation costs in the long run.
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Nuclear power reactors can also be used as a source of heat for desalination, district
heating or process heat for various industries. As most of the areas of Pakistan are either
semi-arid or arid and there is scarcity of water the potential for application of nuclear
technology for desalination purposes is significant.

This paper gives an estimate of electricity generation capacity requirements upto the
year 2020, reviews the water requirements and availability prospects in the coming years,
discusses the market potential of small and medium power reactors (SMRs), and gives an
overview of nuclear infrastructure in the country. At the end it is proposed that IAEA should
launch a small dual purpose nuclear power plant project to be setup with international
cooperation.

2. LONG TERM ELECTRICITY REQUIREMENTS & NEED FOR NUCLEAR POWER

During the recent ten years (1983-1993) electricity consumption in Pakistan increased
at an average of about 9.9% p.a, while the economic growth rate was 5.5% p.a. Energy and
Nuclear Power Planning Study for Pakistan, which has been completed recently with the
technical assistance of IAEA [2] and background studies carried out by the Energy Wing of
the Planning Commission for the Eighth Five Year Plan (1993-98) have shown that for 6.5%
to 7.0% p.a growth rate envisaged for the economy in the next 2-3 decades the electricity
requirements will grow at about 8-9% p.a. The projected power generation capacity
requirements in the Reference scenario of Ref. 2 are: 16,265 MW in the year 2000; 35,150
MW in the year 2010; and 78,525 MW in the year 2020.

The proven fossil fuel reserves of Pakistan are: oil 27 million tons of oil equivalent
(MTOE), gas 407 MTOE and coal 481 MTOE (1.1 billion tons), and the 1993-94 annual
production levels were: oil 2.8 MTOE, gas 13.1 MTOE and coal 1.6 MTOE. Oil is the most
scarce of all domestic energy resources and nearly 80% of the present oil requirements are
met from imports and oil import bill in recent years has been about US $ 1.5 billion per year.
Gas resources though significant, have to be shared between power and other sectors i.e.
fertilizer, general industries, households and commercial sectors. At present some 36% of gas
production is being used by the power sector and it is believed that this share can not be
increased significantly in future from domestic supplies alone. Coal reserves are significant
in quantity but are generally poor in quality. At present nearly all of the coal produced in the
country is being used in brick kilns but through appropriate combustion or control
technologies it can be used in power generation. In addition to the above mentioned proven
reserves considerable additional potential resources of fossil fuels are also present. In the case
of oil and gas it is expected that by gradually enhancing the petroleum exploration level from
18-20 exploration wells per year in recent years to about 60 wells per year in the next three
decades, significant new reserves may be discovered which ma\y be able to support about
four times the current production levels of oil and gas. The recently discovered Thar coal field
in the southern part of the country has very large resources. These account for 95% coal
resources of the country (185 billion tons) and have the potential to support some 10,000 MW
of coal-fired power generation capacity in the next 2-3 decades. However, this would imply
large investments in determining the quality of coal, determining the extent of economically
minable coal resources and development of mines.

Pakistan has some 30,000 MW of hydro power potential and essentially all of it is
located in the north of the country. At present some 4,826 MW hydro capacity is installed and
1,634 MW (Ghazi Barotha 1450 MW and Chashma 184 MW) is under construction. At
present development of hydro power-cum irrigation water storage projects is an attractive
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option for capacity expansion but due to various socio-political difficulties and site related
constraints there has been no progress in the development of these projects in recent years.
Nevertheless, it is expected that it may be possible to overcome these difficulties in the
coming years and to construct two additional large hydro plants (possibly Kalabagh and
Basha) with some 6,000 MW installed capacity in the next two to three decades.

Even with these above mentioned, favourable assumptions for the development of
indigenous fossil and hydro resources there will still be a large gap between capacity which
can be based on indigenous energy sources and the capacity required. It is envisaged that
indigenous energy resources may, at best, be stretched to support some 35,000 MW capacity
(hydro: 14,500 MW, domestic gas: 12,000 MW and domestic coal 8,500 MW) by the year
2020 against the requirements of 78,525 MW. So nearly 43,500 MW capacity will have to
be based on imported oil, imported coal, imported gas, and nuclear power. Table 1 gives the
electricity generation mix in 1995 and that for the years 2000, 2010 and 2020 developed on
the basis of a least-cost expansion plan [2]. It may be noted that even with the addition of
nuclear power plants there will be a heavy reliance on imported energy sources for power
generation.

TABLE-I PRESENT & PROJECTED SHARES OF GENERATING CAPACITY, MW

1995 2000 2010 2020

HYDRO 4826 5068 11150 14500

GAS 3973 4600 11900 27520

OIL 3484 5273 5100 11630

COAL 115 862 2950 13750

NUCLEAR 137* 462* 4050 11125

TOTAL 12535 16265 35150 78525

* Existing/under Construction
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3. FUTURE WATER REQUIREMENT & AVAILABILITY

3.1. Problems Associated with Irrigated Agriculture and Projected Water Shortfall

In arid and semi-arid regions in which Pakistan lies, water is a scarce commodity. Its
optimal utilization is essential to ensure public welfare and prosperity.

Agriculture is an important sector of economy in Pakistan contributing about 25% to
GDP [3]. The bulk of Pakistan's agricultural production (about 78%) comes from irrigated
land. These irrigated planes of the Indus basin are underlain by an extensive ground water
aquifer of varying water quality.

The present irrigation system comprises the Indus river and its major tributaries, three
major reservoirs of about 18.5 billion cubic metre (Bra3) of conservation storage, 23 barrages,
headworks & syphons, 12 inter-river links and 48 canal commands. The total length of canals
is about 57200 km, with water courses, field channels and field ditches running another 1.6
million km [4,5].

On average about 169 Bra3 of river water flow into Pakistan per annum [5], annual flow
variation is in the range of about 124-230 Bm3 and more than 80% of this flow occurs during
summer season. Approximately 125 Bm3 of surface water is diverted annually into the canal
system. In addition, about 25000 public and about 350000 private tube wells pump annually
65 Bm3 of ground water for irrigation [5]. This system supplies water to about 17 million
hectares [5].

The main purpose of irrigation is to benefit, in the long term, the economy, the society
and the environment. However at present, a serious lack of balance in water and salt exists
because, nearly two-thirds of the total annual withdrawal of irrigation water from the rivers
by the canal systems are estimated to be lost during conveyance. This results in the rise of
water table, water-logging and salinity. Ever since the introduction of irrigation in 1800s, the
salinisation of soil and of ground water in the Indus basin has been continuously on the
increase. If the disposal of salt remains inadequate the salt contents of both soil and ground
water could eventually increase to an intolerable level.

The future water requirement and availability have been estimated by the Planning
Commission [5]. According to this study, the estimated overall requirement for all uses would
be about 184 Bm3 and 266 Bm3 by the years 2000 and 2013, whilst water availability for the
same years would be about 134.2 Bm3 and 132.5 Bm3 respectively. There would therefore,
be a substantial shortfall of supply in the future.

Stated otherwise, the per capita annual water availability at the time of independence
(1947) was about 5000 m3. Pakistan has now reached the critical value of 1000 m3 per person,
below which a country is regarded as a water scarcity zone. The available water resource will
go down further to about 900 m3 /capita by the year 2000 and to less than 700 m3 /capita by
2013, with increasing competition between irrigated agriculture, industrial and domestic water
users [5].

3.2. Possibility of Desalination

Several preliminary studies were carried out by Pakistan Atomic Energy Commission
(PAEC) in the 1965-74 period which had indicated that the arid coastal belt of Pakistan
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spanning about 700 km from Karachi to the Iranian border offered bright prospects for
industrial and agricultural development, provided water, power and communication facilities
were made available. Several missions from the IAEA and USA had also visited Pakistan and
recommended setting up of dual purpose power-cum-desalination plants at some of the coastal
settlements.

Since the arid areas are sparsely populated for places along the Makran coast other than
Karachi, the water and power requirements were essentially small, which could be adequately
met by means of conventional power plants, or even a floating-ship borne plant, which was
also considered. PAEC had set up a solar desalination plant of about 33 m3 per day average
capacity in 1972 at Gwadar which has had a considerable impact on the area.

These earlier studies had also emphasized large dual purpose plants to supply desalted
sea water to Karachi. A US group of experts in the field of desalination again visited Pakistan
in 1974 and alongwith their Pakistani counterparts further investigated the scope of
desalination. Some of the major recommendations are summarized hereunder [6]:

For the development of Gwadar on the Makran coast as a major fishing centre, a near
term opportunity for using desalted water exists. A diesel plant alongwith the waste heat
recovery boilers and a 900 m3 per day multistage flash (MSF) process desalination plant
was recommended for immediate implementation.

A second major action recommendation was to develop a technology in Pakistan to
reclaim salted overlands and to prevent salt build-up in good lands. This would be done
by pumping and concentration of saline ground water and reinjection of the concentrate
into deep aquifers where it would remain.

Need for desalination plants exists in the country and is described in section 4.1.

4. SMR MARKET POTENTIAL

4.1. Domestic Market Potential

The Energy and Nuclear Power Planning Study for Pakistan [2] has not considered a
unit size larger than 600 MW for candidate fossil fuel and nuclear power plants. The least cost
solution for expansion of electricity generation system predicts the installation of 18 x 600
MW nuclear power units upto 2020, both with the electricity demand projected as per
reference demand scenario and when certain feasible conservation measures were considered
as per the energy efficiency scenario.

The geographic distribution of this nuclear capacity addition will require specific
engineering studies in due course; however at this time the following capacity allocation
would seem in order:

A 600 MW unit every alternate year in the North at CHASNUPP site during 2003-2019,
with a unit coming up in 2020 as well (C2 to CM i.e. 10 units).

A similar schedule in the coastal area/southern zone during 2008-2018, followed by a
unit in each of the next two years (S, to Sg i.e. 8 units).
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Nuclear power-cum-seawater-desalination plants could be considered for Karachi
Metropolitan Region and for establishing new townships along the coast or for building new
seaports alongwith industrial/export zones.

A reasonable schedule for developing the desalted water supply in the coastal/southern
region would be to couple a desalination plant of 0.45 million m3 (100 million Imperial
gallons) per day size with each nuclear power plant of 600 MW size assigned to that region
(total 800 MIGD). Generally speaking, plants for Karachi area could be located on the sea
coast west of Karachi. Water produced would be conveyed by pipelines to Karachi & then
blended with river water for distribution. However, if in the near future a smaller size
(50-100 MWe) power-cum-desalination nuclear plant is available from the well known
suppliers then Pakistan would like to consider setting up such a plant at one of its upcoming
coastal towns like Gwadar, Pasni or Ormara.

4.2. Future of Nuclear Energy & World-wide Market Potential of SMRs

Nuclear energy has come of age with its share in total electricity generation of 17% and
7200 reactor-years of accumulated experience by end 1994 [8]. As of December 1995, there
were 431 nuclear power plants in operation with total cumulative net power output of about
342.6 GW, and 495 plants with about 394.8 GW after including units under construction or
on order [9]. The rate of growth at present is 4-6 GW/annum and is expected to grow at about
5-10 GW/annum or higher beyond 2000 AD [8].

The projected nuclear growth in nuclear electricity generation capacity in typical regions
of the world is as follows [10]:

CHANGE IN NUCLEAR CAPACITY
BETWEEN 1990 AND 2010

USA - 3500 MW
EUROPE + 28900 MW
CHINA + 25000 MW
RUSSIAN FEDERATION + 4600 MW
INDIA + 2800 MW
REST OF THE WORLD + 50400 MW

The future potential of SMRs world-wide can be very roughly predicted from their share
in the past and after recourse to the future programme of the developing economies. As of
1980, about fifty percent of all power reactors in operation were in the SMR range (upto 600
MWe), whilst out of those coming on line during 1981-90, 1991-2000 & beyond 2000, the
respective proportion is or will be 20%, 30% & 44%. Assuming a conservative figure of 25%
and based on potential growth of nuclear power beyond 2000 stated above, the expected share
of SMRs in the developing region would be about 1250-2500 MW/annum or higher.
However, as SMRs in the range of 300-600 MWe are not very attractive for countries with
relatively large grids, the only parts of the world where SMRs and multi-purpose nuclear
power plants could be attractive are arid or coastal regions of countries of North Africa, Asia,
and single purpose nuclear power plants for the countries with smaller grids in South & East
Asia.

The need for building water desalination plants using the nuclear generated heat, for
developing countries, has been discussed and recognised for a long time but no such plant has
been built so far. Now it will be appropriate if IAEA considers a proposal to undertake a
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project for the establishment of an International Demonstration Nuclear Desalination Plant
(IDNDP) in some developing country. The Member States may contribute by funding or in
kind by providing equipment, components and material etc. on a subsidised cost basis in
addition to extending their support for necessary R & D and other related work.

5. NATIONAL PARTICIPATION

5.1. Policy

Pakistan aims at gradual indigenization of its nuclear power programme to the optimum
level in order to reduce over-dependence on imported plant and fuel, conserve the precious
foreign exchange component and lower overall plant cost, while raising the level of nation's
industrial and technological base.

5.2. Strategy

KANUPP was established under a tri-partite agreement amongst the governments of
Pakistan and Canada and the IAEA. But the Canadian government unilaterally withdrew its
support in 1976. To cope with this sudden break in the supplies of nuclear fuel, heavy water,
spare parts and technical information for KANUPP, PAEC had to strive hard to meet the
corresponding requirements through indigenous effort. In this way the plant has all along been
kept in operation, though at reduced output, and a lot of valuable technical and industrial
experience has been gained in the process.

Being basically short of conventional energy resources, Pakistan is keen to make
increasingly large use of nuclear power to meet its future electricity requirements. In order
to achieve this objective in a manner that would gradually lead to a high degree of self-
reliance, PAEC is pursuing simultaneously two plans encompassing short term and long term
time horizons respectively.

The short term plan envisages construction of nuclear power plants with foreign
assistance as quickly as possible with a view to alleviate power shortages. It is planned to
purchase, when the national economy allows, proven type of commercially available plants
of standard design at reasonable financing terms, ensuring full participation of PAEC and
local industry for maximizing transfer of technology. With increase in local capability for
design & engineering, construction and manufacturing it is intended to shift gradually from
a turn-key or two-package approach to multiple package contracts for subsequent plants.

The long term plan aims at systematically developing local capability, in close co-
operation with supplier countries, leading progressively to increasing indigenous design,
engineering and manufacture of nuclear power plants together with their components and
fuel.

5.3. Achievements

5.3.1. Nuclear Power Planning

Nuclear power planning activities have been pursued in the PAEC since early 1960s.
These activities have steadily evolved in keeping with the PAEC's programme for nuclear
power. Briefly speaking, the activities in the 1960s (Phase Zero) pertained to very preliminary
studies, which were carried out with the help of internationally published data; whilst the
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objectives during the 1970-76 period (Phase one) had been to obtain know-how by way of
analytical techniques covering such aspects as nuclear power planning, pre-project analysis,
etc. In the consolidation phase (Phase Two, 1976-82) the efforts were directed towards
consolidating the in-house capability and expanding it into highly detailed analyses.

5.3.2. Design & Engineering

The design and engineering phase of nuclear power project development was initiated
at CHASNUPP with the hiring of SENER of Spain as Architect Engineer in 1980. Later in
1984, the efforts were expanded with the assistance of Belgian architect engineering company,
BELGATOM. A formal Design & Engineering Department was set up within CHASNUPP
in September 1985, by regrouping already existing divisions.

Existence of such a group is necessary for design review, PSAR preparation & review
and in developing architect engineering capability. It can also assist in pre-project activities.
Over 100 engineers already trained in Europe and China are participating in the design and
construction of CHASNUPP.

5.3.3. Safety & Quality Assurance

PAEC engineers have gained useful experience from KANUPP which has been
operating safely for more than two decades, whilst Directorate of Nuclear Safety and
Radiation Protection (DNSRP) has already been established as an independent regulatory body
to supervise all aspects of nuclear safety. Further, PAEC has also established a Centre for
Non-Destructive Testing and Pakistan Welding Institute at Islamabad. These organisations are
meeting the critical requirement of trained and certified manpower in these areas. More than
500 experts from the public as well as the private sector have been trained at these facilities.

5.3.4. Trained Manpower

National universities as yet do not have a full-fledged program in the field of nuclear
engineering. PAEC has established special institutes at PINSTECH near Islamabad and
KANUPP near Karachi for producing trained manpower to support its nuclear power
programme and to operate and maintain the plant.

5.3.5. Construction

Local industry is carrying out nearly all the civil works at Chashma excluding the
nuclear island and conventional island. In future plants, civil works will be mostly carried out
by local industry with sizable contribution in installation activities as well.

5.3.6. Equipement Manufacture

PAEC has already gained extensive experience in the local development and manufacture
of spares and replacement of equipment for KANUPP. It is supplying some simpler vessels,
heat exchangers, etc. to Chinese main contractor for CHASNUPP.

5.4. National Infrastructure

Some local manufacturing capability exists in the public and private sectors for the
manufacture of thermal power plant boiler components, heat exchangers and electrical
equipment.
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In the PAEC, modest efforts have been made to look after instrumentation and control,
materials, nuclear fuel cycle facilities and development of infrastructure through interaction
with public and private sectors.

5.5. Transfer of Technology

The 300 MW CHASNUPP plant is being constructed on turnkey basis. The contract
covers some aspects of transfer of technology, which include, design information (i.e.
methodology and relevant R&D test information); design participation and training; equipment
manufacturing within the scope of prime supplier; civil engineering and installation;
participation and training in construction and installation at plant site; and commissioning and
technical information exchange.

As experienced elsewhere, transfer of technology has to be promoted through a
centralized organization for best results. Its success also depends directly on adequate &
specialized manpower and financial resources. International political climate is also an
influencing factor.

5.6. Nuclear Fuel Cycle

A nuclear power programme requires an assured supply of nuclear fuel (uranium) to run
the reactors and facilities to refine and fabricate this fuel. PAEC is engaged in R&D covering
different aspects of the nuclear fuel cycle and initiated a modest prospecting programme
in early 1960s. This involved radiometric surveys, geochemical measurements,
geological/structural mapping and geomorphological investigations in various parts of the
country. A number of promising areas were located some of which are presently being
explored.

Uranium ore has been mined in the D.G. Khan area and the first ore processing plant
using this indigenous ore has been in operation for some time. Essential laboratory facilities
have also been installed to support the exploration and ore process development work.

Under an agreement the first core and a few reloads for CHASNUPP will be purchased from
China, the manufacturing of subsequent reloads can be done in Pakistan under license.

5.7. Radioactive Waste Management

Appropriate radioactive waste management systems have been designed for KANUPP
and CHASNUPP to remove radioactive liquid, gaseous and solid wastes arising from the
plant. These radwaste management systems collect, store, allow sufficient radioactive decay
and process the wastes through filtration, ion-exchange, evaporation, solidification,
vitrification and drumming.

As the liquid wastes are discharged after dilution & monitoring, the chances of sea/river
water contamination from liquid wastes are practically nil. The releases during normal
operation are/will be orders of magnitude below the permissible limits prescribed by IAEA
and will not cause any harm to public health and safety. There is no possibility of liquid
activity to be released outside the Plant in case of emergency as it is retained in the various
safety barriers designed to cope with the accidents. Thus river water shall not be contaminated
from any waste discharge from the plant.
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Sufficient storage capacity is provided for the entire fuel discharged during the life of
the plant. High level liquid wastes will be suitably located and converted into solid wastes.
These solid wastes will be packaged in standard drums for storage and subsequent removal
to offsite disposal facilities for permanent burial.

7. CONCLUSIONS/RECOMMENDATIONS

As a result of experience gained in the operation and maintenance of KANUPP,
planning, contracting and participation in the design of the under construction nuclear plant
at Chashma (CHASNUPP) and development of associated infrastructure over the years,
Pakistan is now at stage where it is capable of sustaining a modest nuclear power programme.

Electricity generation capacity requirements in Pakistan are projected to increase from
a level of 12,500 MW in 1995 to about 78,500 MW by the year 2020. Some 14% of the
capacity in the year 2020 can be based on nuclear power plants i.e. SMRs (18 units of 600
MW each). In the near future if power-cum-desalination plants are available with a suitable
financial package and not denied due to international embargoes, Pakistan would like to
consider setting up a small 50-100 MWe plant at one of its up coming coastal cities like
Gwadar, Pasni or Ormara.

Except for countries of Asia very limited power capacity is currently being planned
worldwide. However, most of the Asian countries have relatively large grids and therefore,
would not be very keen in the building of SMRs. Nevertheless, for countries with smaller
grids or for remote or coastal areas of Asia and Africa the SMRs and multipurpose nuclear
power plants would certainly be attractive. In this respect, it would be worth while that IAEA
considers a proposal for a standard high temperature, high pressure test loop which should
be made available to the Member states.

In the past, we have been discussing quite often about the possibility of constructing
water desalination plants using nuclear generated heat. Now it will be appropriate if IAEA
considers a proposal to undertake a project for establishment of an "International
Demonstration Nuclear Desalination Plant (IDNDP)" in some developing country. This
proposal is similar to the international cooperation projects already underway such as the
International Thermonuclear Experimental Reactor (ITER) being undertaken as a four party
venture-comprising the European Economic Community, Japan, Russia and the US-under the
auspices of the IAEA [11]. A similar Russian proposal for the Asian Foundation for Fusion
Research is another example of regional cooperative effort.
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