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RECENT DEVELOPMENTS IN NUCLEAR DESALTING

A. DELYANNIS and E. DELYANNIS

Nuclear Research Center "Democritos", Athens, Greece

ARSTRACT

A review is given on nuclear desalting developments in recent years. The
paper covers mainly publications of the years 1973 to 1976 on the topics of
nuclear energy as heat source, a comparison between nuclear and conventional
power and optimization of nuclear desalting. The second part of the paper
deals with regional and engineering studies in various countries. The litera-
ture considered in that case includes as well various papers published before
1973.

1. Nuclear energy as heat source

A nuclear desalination plant is practically a dual-purpose power and water
plant, in which the turbine is driven by steam from a nuclear reactor. Coupling
of nuclear reactors with a desalting plant involves some technical problems,
but this coupling to be profitable, is largely affected by the cost of power
and steam supplied to the water plant, as it is the case in any conventional
dual-purpose plant. Interest in nuclear desalting became prominent when the
increased size of nuclear plants and advancing nuclear technology were promising
reduced energy costs. One of the main problems in using nuclear energy for
desalting, as steam cost decreases considerably with increasing power level,
is that only large size nuclear reactors were expected to be sufficiently eco-
nomic for coupling with water desalination plants. Parallel advances in de-
salting technology gave hope for scale-up of the desalting plants to sizes suit-
able for reactor use.

Nuclear power plants used to be more capital-intensive than conventional
power-plants. Accordingly fixed charges were higher for nuclear power plants,
but fuel costs were considerably lower. Nuclear plant economics do not vary to
any great extent with geographic location. This factor is of importance for
those regions or countries, which have a low availability of fossil fuels. Thus,
nuclear power offers an additional degree of freedom in securing local energy
requirements. These characteristics of nuclear energy is of particular advantage
to developing countries, which lack of abundant natural energy resources. Other
advantages of nuclear desalination may include that nuclear power units are
operated at higher load factors than most fossil fuel power plants and provide
a more compatible load pattern for combined water production.

The cost of water produced with conventional fuel was compared by Sterman
to that of a dual-purpose plant coupled with a nuclear reactor. As expected
the cost was lower in the dual-purpose plant. An analysis was made to determine
the break-even point, at which the cost of conventional fuel gives the same
water cost with that of the nuclear dual-purpose plant [1].

The cost of electricity from large size nuclear reactors has already become
competitive with conventional power generation plants. On the other hand recent
increases in the price of fossil fuels have certainly affected the cost of con-
ventionally produced power.

The potential advantages of nuclear energy over fossil fuel energy were dis-
cussed by Gamburg and Semenov. Among the illustrative examples is a plant for
the combined production of nitrogen, methanol and distilled water [2]. A short
review was also given by Erdody et al. on seawater desalination by means of nu-
clear energy with emphasis on the cost factor [3].
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She influence of the heat cost, in nuclear and fossil-fueled dual-purpose

power plants, on the optimum desalting plant heating steam temperature was

examined by Schaal. It was concluded that the heat cost at low temperatures

strongly depends on second order components, which cannot be estimated without

having a detailed design of the dual-purpose plant. The heating steam tempera-

ture should be the highest possible, within limits set forth either by turbine

designs, by desalting plant construction materials or by scale control consi-

derations [4].
Taking the water needs of some of the world's major towns, as a basis, Raisic

and Goodman investigated whether nuclear energy from small and medium size power

reactors can be utilized economically for desalination. When a certain distance

for the transport of water from other regions is exceeded, it is quite possible

that nuclear desalination becomes economical. Taking the example of Hong Kong,
it is shown that this method can find application for other reasons, too, espe-

cially if the need exceeds the possibilities of supply from natural sources [5].

The use of small or medium size nuclear reactors for the desalination of sea

water has gained economic interest since the increase of oil prices. These re-

actors, with a wide range of power from 135 to 1100 MWth, are particularly in-

teresting because their production of fresh water or electricity is tailored to

the existing need. The replacement of conventional fuel boilers by nuclear re-

actor boilers does not change the traditional desalination technology and alters

very little the coupling of the electricity and water producing parts of the

plant. It is a reasonable assumption that the performance of desalination

plants will increase with the optimization of the design technology of a dual

purpose plant. The cost of the water produced in a dual purpose plant is mainly

related to local conditions and to the method of splitting the cost between wa-

ter and electricity [6].
Although the basic technology for the various components of nuclear dual-

purpose plants is reasonable well developed, the techniques of coupling the

elements together to form a reliable, economical system that will satisfy the

diverse operating requirements are not well established. A study by Jones et al.

examined the technical, economic, and safety considerations in coupling nuclear

power plants with distillation units to form a dual-purpose power and water

distillation plant. The basic coupling arrangement required to provide a large-

scale dual-purpose water plant is to supply steam to the water plant from the

exchaust of a back-pressure turbine. The principal component at the interface

that may require major research and development is the back-pressure turbine.

To satisfy the operational requirements, two major auxiliary systems will be

needed. These are: a prime-steam bypass system, and auxiliary condensers.

These systems will provide a degree of independence between water and power

production and can be justified economically [7].
A review on nuclear energy and water desalination was also presented by

Leprince-Ringuet [8].

2. Optimization of nuclear desalting

As a general rule, if a dual-purpose nuclear plant is designed to produce

a steady water output, the power produced must also be kept steady or base-load-

ed. The base-loaded dual-purpose plant appears to give the lowest product cost.

Means to form the power production more flexible or load-following, without up-

setting water production, appear to be justified in any dual-purpose plant.

Extra power output or peaking power can be added to a basic dual-purpose station

at a cost which is attractive, compared with other forms of peaking power [9].

Plants using a variable back-pressure turbine can trade power production over

a 30% range, for water production over a 25% range, with only a modest capital

cost penalty. Flexible plant features can minimize the penalty associated with

an insufficient market for all the plant electric power [10].
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The most desirable situation for the introduction of nuclear desalination
is one, in which there is already an existing system of power and water supply
into which the new dual-purpose plant can be integrated [11]. In the case of
dual-purpose plants added to existing water and power systems new operating
rules are required which take into account the effects on the load factors of
all existing and future plants (both power and water), systems reliabilities
and maintenance. Plans for future plant installation may be drastically modi-
fied by the method of cost allocation. For maximum economy it is essential
that electricity generators in an associated system are no longer run to suit
either the economics or the operating rules of the electricity system alone.
Optimization of plant combinations and technical factors such as nuclear safety
relative plant availabilities and reliabilities, water/power ratios with various
sources and brine disposal problems are to be taken in consideration in adding
new units in an existing water and power system [12].

A method was developed by Glueckstern and Arad to modify the design of a
given nuclear dual-purpose desalting plant in order to make it suitable for non
base load applications. Three different systems were investigated in detail
to demonstrate the feasibility and potential economic benefits resulting from
such modifications [13].

In an attempt to determine the optimal process design of a dual-purpose plant
for producing power and water, a nuclear reactor and steam turbine power gene-
rator were coupled with two water plants, a multi-stage flash plant and a re-
verse osmosis plant. The total system cost for producing given levels of power
and of water is minimized. Optimal designs were presented for several combin-
ations of water and external power demands ranging from 95000 m3 /day (25 Mgd)
to 568000 m3/day (150 Mgd) and in addition an analysis was carried out to de-
termine the sensitivity of the system to selected process parameters of such
a plant designed and constructed to produce 150 Mgd of water and 50 MW of sale-
able power at the optimal conditions [14].

The problems of controlling large desalting plants were studied both theo-
retically and experimentally at the Oak Ridge National Laboratory. A general-
purpose digital simulator was developed to study large multi-stage flash (MSF)
plants coupled to a back-pressure turbine-generator plant, with a pressurized-
water reactor (PWR) as a heat source. These studies of the dynamics of MSF and
PWR systems indicate that the overall plant stability characteristics are highly
dependent on the hydraulic design of the MSF plant and the means of coupling the
MSF plant to the heat source [15].

A simulator model for analyzing coupling and control problems in nuclear
dual-purpose desalination plants using pressurized water reactors was also des-
cribed by Delene. The system simulated comprises a multistage flash (MSF) eva-
porator a pressurized water reactor (PWR) as the heat source, a drum-type steam
generator and a turbine plant utilizing a back-pressure turbine. A bypass steam
system was modeled to achieve flexible operation of the electric power and water
portions of the combined plant. The proposed use of this simulator is to inve-
stigate various coupling and control schemes and to help determine possible pro-
blem areas in full back-pressure turbine dual-purpose desalting plant desings[16].

The basic economics and functional problems arising in the design of the ROVI
nuclear reactor for the production of heat at low temperature in a sea-water dis-
tillation plant were extensively reviewed by Cesari in comparison with similar
problems in the design of other plants for the same purpose [17].

Although present needs are low, growing demands in industrialized countries
for power and water will ultimately lead to the use of nuclear reactors to sa-
tisfy both requirements. Desalination processes are required which are capable
of utilizing the high grade of energy produced by commercial power reactors in
the form of mechanical work rather than as low grade heat. Vapor compression
evaporation in hybrid and variable purpose plants will probably be the first
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such process to be developed, although pure power-using processes such as re-
verse osmosis and freezing may be the ultimate solution [18].

Nuclear boilers with a power range of 120 to 1200 MWth are able to generate
steam for two purposes: electrical production, and steam distribution circuit
power, namely heat, driving, power, etc. They are therefore liable to replace
conventional boilers. In France, they are slated for the industrial market
and urban heating, abroad for electrical production and in developing countries
for water desalination [19].

The low-temperature (100 to 200°C) heat market for industrial applications
and district heating is very important. Such temperatures are lower than those
provided in electronuclear reactors. Moreover, for these applications, power
seldom exceeds several hundred MW and must be produced not far from urban sites.
The choice of the best design and the more appropriate technology must be inve-
stigated as a new problem. Simple and cheaper reactors must and can be deve-
loped with high-level safety characteristics making duplication easier. The
reactors to be designed could give either 110°C water, which would be reheated
at 140°C when necessary, or 140°C water with the possibility of reheating at
180°C. The case of desalination plants is particular one, due to its low range
temperature (about 100°C). 50 to 100 MW reactors are of great interest for
medium-sized plants [20].

The use of nuclear power plants for power generation, heat production for
medium and large capacity desalination plants, preferably in combination with
power generation and for process steam generation, were discussed by Harde et
al. Single and dual purpose nuclear plants for desalination are analyzed as
well, with emphasis on cost and economics [21].

The results of a preliminary theoretical study of a 50 MWth heavy water-
natural uranium reactor, which serves as a heat source for a desalination plant,
were reported by Girgis et al. The calculations were performed by a simple me-
thod that is sufficiently accurate for design purposes. In the report the fo-
llowing relationships are given: dependence of the effective multiplication
constant on the lattice pitch and on thickness of the air gap between the pres-
sure and calandria tubes, the lifetime at full-scale operation as function of
the core size and the temperature dependence of the effective multiplication
constant. The results of control system estimations and power distribution
for the core with different reflections were also provided [22].

The advantages of a purely heat-producing reactor, operating at very low
temperature were discussed by Lerouge. The concept of a swimming-pool type
reactor furnishing hot water at 110°C was presented and the possibilities of
putting such a reactor into operation and inserting it into an industrial com-

plex including desalination were also analyzed. The problem of the economic
optimization of a mixed fissile-fossil installation for urban heating was as
well considered and analyzed in detail [233.

A study of a desalination plant with extraction of mineral products from
seawater by means of a nuclear power plant was presented by De Simone and Ta-
bourier, The plant comprises a 1800 MWth nuclear boiler (pressurized water
reactor) producing 360 MWe, a 1400 MWth desalination plant, and a unit for
the extraction of chemicals. The total electrical power leaves a 40 MW margin
which could be used for fresh water distribution [24].

The utilization of low-temperature reactors for seawater desalination was

also discussed by Caurier, including the technological development of a desalt-
ing plant and its internal constraints and optimization. The economics of
seawater desalination and the utilization of nuclear heat were as well con-
sidered [25].

Minimplex plants with a capacity of 10000 to 75000 m3/day using pressurized
water reactor similar to that of the nuclear ship Otto Hahn, 38 MWth or 220 MWth,
were developed and studied, in a joint study by Krupp and GKSS, to provide agri-
cultural water for arid or semiarid coastal areas, e.g. in developing countries.
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Optimized conditions are reactor capacity, primary pressure, secondary pressure
at saturation temperature and temperature of brine. The relatively light, com-
pact reactor requires little shielding. A back-pressure turbine provides ele-
ctric power for the plant [26]. The design study shows that Integrated Pressur-
ized Water Reactor (IPWR) systems have specific advantages up to 200 MWth, com-
pared to other reactor types at least being adapted for single- and dual-pur-
pose desalination plants. The calculated costs of the desalinated water show,
that due to fuel cost advantages of reactors small and medium nuclear desalina-
tion plants are economically competetive with oil-fired plants since the steep
rise of oil price in autumn 1973 [27].

The design and performance characteristics of a dual-purpose plant which
draws electrical energy from a fusion system operating on a deuterium-helium-3
fuel cycle was presented by Husseiny et al. The energy of thermonuclear burn
is used in a direct energy conversion scheme of better than 70% efficiency.
The direct current from the converter is connected to a dispatcher unit to dis-
tribute the electrical energy between an electrodialysis plant and the bus bar
of the electric power network, such that the desalination plant operates at low
capacity during peak-load demand. A magnetic field was used to increase the
mixing and polarization in the electrodialysis process [28].

A reassessment of desalting plant design and product water cost based on
current technology and energy and equipment costs has been made by Glueckstern
and Reed. Plant sized in the range of 1 to 200 Mgd utilizing the multistage
flash (MSF) and the vertical tube evaporator (VTE) were investigated. Process
steam was assumed to be supplied by large nuclear dual-purpose plant or from
fossil-fired low-pressure boilers. Plants applying the pH control method versus
the threshold pretreatment method were compared. The potential benefits of ap-
plying low cost aluminum tubing in low-temperature VTE plants were also inve-
stagated [29]. The important tendency in the development of nuclear power is
broadening the scope of its application for substitution of fossil fuel by nu-
clear fuel, not only at the electrical power production but also in other energy
consuming fields of industry, like district heating and desalination. Aleksandrov
et al. have forecasted relations in the nuclear power industry between electri-
cal energy and heat production and analyzed the possible structural composition
of nuclear power industry, the relation between fast and thermal reactors and
also the physical technical characteristics of reactors providing their necessa-
ry relation under conditions of self-provision with nuclear fuel [30].

3. Regional and engineering studies

It was a general belief for a period of time that nuclear desalting would
be the most appropriate way of low cost desalination of water. Hence, a large
number of studies were made, either of regional interest or engineering back-
ground. A selection of the more relevant publications are briefly reviewed in
the following.

E g y p t. The main features of power and water resources in Egypt were out-
lined in a paper by El-Mofty and preparations and prospects for the future were
given. A dual-purpose 150 MW power station was chosen as the first nuclear sta-
tion. A need for desalted water exists to reclaim about three million acres of
land along the northern coast. Also small desalination units are needed for
mining industries and communities along the Red Sea coast and the Sinai penin-
sula [31]. The long range requirements and resources of the country were out-
lined in a paper by El Guebeily et al. Desalination is envisaged as a promising
future water source. A recent study of a prototype single-purpose desalination
nuclear plant has been initiated. The study led to a 50 MWth natural uranium
heavy water moderated reactor with light water or CO2 cooling. Reactor power
and size of the desalination plant correspond to water needs of the agricultural
experiment [32].
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Fouad has reported that a prototype, 40 MWth, was studied as a first step.
Its' design included an optimization study so as to match physical size require-

ments with that of thermal requirements to give an overall minimum size and hence

best economics. Results were shown giving cell and core configurations [33].

Multistage flash - vertical tube evaporator coupled to a nuclear plant were ex-
pected to result in relatively cheap water desalination. A computer program was
prepared and its use in overall plant optimization studies was indicated. Preli-
minary features for a 400 MWe, 250 Mgd, pressurized water reactor plant were out-

lined, including optimization studies [34].
Considering natural uranium heavy water reactors for desalination, Fouad made

also a comparison between the fuel pin and fuel cluster concepts. The choice of

reactor type and system concept was influenced b: emphasis on relaxed technolo-

gical conditions to fit local circumstances. Natural uranium heavy water re-
actors were found promising. Simplified analytical and computational techniques
were adopted and results verified with published criticality measurements. Re-
sults are given for a typical 40 MWth project study showing core features and
system characteristics [35].

Only nuclear energy offers the means to power the desalting plants which po-

pulation growth predictions indicate will be necessary by the year 2100. Nego-

tiations with the U.S. for the supply of reactors were mentioned and require-

ments for fuel for various reactor strategies were summarized [36]. Investiga-

tions of dual purpose nuclear plant features for Egypt were conducted by Fouad
with the aim of assessing the potentialities of such a plant and its suitabili-
ty to the Egyptian conditions. Results showed the capital cost to be 500-600

$/KWe, the fuel cost to be 2 to 4 mills/KWh and the total generating cost to
be 12 to 15 mills/KWh. Steam temperature to desalination was estimated at
140°C. The optimum MWe to Mgd ratio was close to 2.0. Energy cost was 63 9
per million BTU. Desalination plant initial cost was 1000 $/kgal, output ratio
13.1 load factor 85% leading to water cost of 90 i/kgal. Preliminary features

for a 400 MWe-250 [lgd-PWR plant with M.S.F.-L.T. evaporator coupled were out-

lined [37].
Further results of the 40 MWe reactor study were also reported by Hedayat

et al. [38].
F r a n c e. Design features of a 25000 m3/day fresh water unit were re-

ported by Balligand et al., the multiplication of which can form a several

hundred thousand m3/day desalination plant in a dual-purpose plant supplying

both water and power from a nuclear reactor. The chosen distillation cycle

combines multiple-effect long tube vertical evaporators in the high tempera-

ture part of the unit and multi-flash in the cold part. The connection between

the two parts of the unit is realized through a condenser heater, in which the

vapor coming from the last LTV effect condenses and heats the brine to be part-

ly recycled into the multi-flash part of the unit. The combination of a vapor

compression system with the highest temperature effects extends the operation

to hours when the power demand is low [39].
G e r m a n y. The erection of seawater desalination plants in conjunction

with heat supply from the various nuclear reactors built or planned in West

Germany has been investigated by Lenz. Market analysis for the estimated de-
mand for electricity and fresh water in various regions shows the dual-purpose
plants coupled with nuclear reactors to give the lowest costs. High temperature

reactors as energy suppliers of dual-purpose plants appear to be particularly

suitable as energy centres for large consumer complexes [40].

The economics of a dual-purpose electricity-desalination plant using a high-

temperature reactor as the heat source, a gas turbine and multi-stage flash dis-

tillation were analyzed by the Nuclear Research Centre Jilich and compared with
single-purpose plants [41].

Badische Anilin und Soda Fabrik (BASF) in Ludwigshafen was the first indu-

strial company to consider a nuclear station. Steam requirements of up to 2000
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to 2500 tons/h and current requirements of 700 MW formed the necessary potential
for full load of a nuclear reactor of 2000 MWth throughout the year [42].

G r e e c e. In a study made with the assistance of the Office of Saline
Water and the U.S. Atomic Energy Commission, a nuclear-fueled dual-purpose pow-
er and water plant appeared to be more economically attractive than fossil-fuel-
ed single-purpose or dual-purpose plants. A dual-purpose nuclear desalting
plant of about 190000 m3 /day (50 Mgd) and 300 MWe capacity represented a poten-
tially desirable adjunct to the Athens water and power systems. The power
plant could operate under base load conditions and the power absorbed in the
existing integrated power system [43]. The dual-purpose plant was not erected
but an aqueduct with a total length of 181 km, including about 51.5 km of tun-
nels and an artificial dam, to convey water from the river Mornos was given
preference instead by the Government of the Colonels. The aqueduct is not com-
pleted as yet and will swallow a quite higher investiment than the proposed
dual purpose nuclear power and water plant.

I n d i a. The present status of the electric power industry in India was
reviewed in a paper by Thomas and the future electricity needs and implemen-
tation plans discussed with reference to the exploitable hydro, thermal, and
nuclear energy resources of the country. Details of the prospects for nuclear
power and desalination development were presented [44]. The concept of an
agro-industrial complex with nuclear power stations as foci for simultaneous
development of the industrial and agricultural sectors of the economy was also
considered [45].

I s r a e 1. The contry is very poor in natural energy resources and most
of the oil is imported. Israel is already using about 85% of all its natural
water resources and for any further economic expansion will have to resort
very soon to large-scale desalination. All power stations are inter-connected
by a country-wide grid and what is less common is the additional integrated
national water system which enables a large desalination plant to be base-load-
ed. All those facts lead to the impending introduction of nuclear power in
Israel, either in single- or dual-purpose plants [46].

A joint United States-Israel technical team was nominated to review pro-
jected water and power needs of Israel and analyze the possibility of satisfy-
ing these needs with a large dual-purpose desalting and power generating plant.
The preliminary findings being encouranging, a feasibility study has followed,
showing that a dual-purpose plant with capacity of 200 tWe saleable power
and 380000 m3/day (100 Mgd) of desalted water was technically feasible. A
light water nuclear reactor was considered to supply heat to the desalting
plant [47]. The study was later changed to a 300 MWe power plant, maintaining
the same water output.

In a recent paper Adar is pointing out that no large nuclear back-pressure
turbines are available today. Standard condensing nuclear turbines could oper-
ate continuously with a back-pressure of up to 7 in. Hg, exhausting huge amounts
of steam at 560C to 64°C with a loss of electricity production of only 6% to
10%. The horizontal aluminium tube multi-effect distillation process is suit-
able for the use of such low-grade heat. A special flash-chamber loop consti-
tutes a positive barrier against any possible contamination being carried over
by the steam exhausted from the turbine to the desalination plant. The operation
is designed to be flexible so that the power plant can be operated either in
conjunction with the desalination plant, or as a single purpose plant. Flow
sheets, heat and mass balances have been prepared for eight different combina-
tions of plants. Only standard equipment is being used in the power plant.
The desalination plant consists of 6 to 12 parallel double lines, each of them
similar to a large prototype being designed. Water production varies between
50 and 123 Mgd and water cost between 90 and 137 /1000 gallons. Costs were
based on actual bids [48].
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J a p a n. The shortage of water in Japan is associated with the lack of
sufficient supplies of common salt. A shortage of 1.5 billion m3 of water is
estimated in 1985. Means to face water shortage include rational utilization
of river water, sea water desalination combined with power generation and
erection of industrial complexes combined with nuclear desalination [49].

For the rational utilization of seawater and especially considering the si-
tuation of Japan, it is desirable to use the brine of a dual-purpose plant for
the production of salt. The brine is concentrated by electrodialysis and there-
after evaporated. Scaling of the evaporator is greatly reduced, the distillat-
ion operation is made easier and savings in the cost of equipment are obtained.
The products obtained by the process are electric power, fresh water, and
industrial salt [50].

In another paper, conceptual designs of dual-purpose nuclear plants are
shown. Creation of nuclear power complexes incorporating seawater desalination
is of major significance to Japan in terms of effective utilization of energy
and structural reform of industry and also from the viewpoint of environment-
al preservation [51].

A review was given by Moyota including future water demand in Japan, the
process of nuclear seawater desalination, dual purpose nuclear plants, econo-
mics of seawater desalination and utilization of desalted water in industry[52].
A similar review was presented by Tomura, in which nuclear desalting is consi-
dered from the point of view of its potential use in Japan. In particular,
dual-purpose plants based on light water reactors and using MSF or multiple
effect distillation are taken in consideration. Safety aspects are also
discussed [53].

P a k i s t a n. The theoretical possibility is illustrated in a paper by
Karal of the use of an extraction cycle for the combination of a one Mgd multi-
stage flash desalination plant with the 456 MWth heavy water nuclear power re-
actor, constructed near Karachi. The optimum performance ratio of the plant is
shown to be 6.2 and the optimum number of stages is deduced as 25. Details
of plant design including chamber geometry, heat transfer surface requirements,
etc., are given. It is concluded that the desalination plant could be attached
to the Kanupp power plant with a minor effect on the running cost of the
plant [54].

The results of studies on the feasibility of nuclear desalination and power
generation in Pakistan with particular reference to the Karachi-Sonmiani area
are examined in another paper by Kamal. Projections of water demand are work-
ed out. Alternative sources of water supply from surface reservoirs are eva-
luated. The future power demand is considered in terms of integration with
the northern grid of West Pakistan. It is concluded that a serious water short-
age will develop in the metropolitan area in the 1980's and that there is ade-
quate justification for a detailed feasibility study of a nuclear plant produc-
ing 400 to 500 MWe power and 380000 to 568000 m3 /day (100 to 150 Mgd) of fresh
water to come into operation by 1980 [55].

S w e d e n. The need for additional water supply in Southern Sweden is
estimated to about 20 million m3/year in 1980 and 180 million m3 /year in 2020.
In a project study concerning conveyance of lake water to the area over a dis-
tance of 120 km, water cost was estimated to 0.40 Skr/m3 . The cost of water
from a nuclear dual-purpose plant was estimated to 0.75 Skr/m3 [56].

In another study the generation of 500 MW electric power and 1000 MW heat
for Stockholm residents was scheduled for 1975. The project was delayed be-
cause of urban siting problems.

U n i t e d K i n g d o m. Britain faces not a water shortage problem,
like many developing countries, but is seriously interested in nuclear desalt-
ing as exporter of both nuclear reactors and desalination plants.

Results of a design study of a large scale dual-purpose power and water
plant for the production of 200 MWe of saleable power and 377000 m3 /day (83
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Imperial Mgd) of fresh water were presented by Clelland. The plant comprises
a steam generating heavy water reactor with associated power plant and eight
multi-stage flash distillation units, each with a capacity of 47250 m3/day
(10.4 Imperial Mgd). The overall capital cost of the facility and the cost
of water at a stated power price were estimated [57].

In another study the combination of steam generating heavy water reactor
with a multi-stage flash distillation plant was investigated over the range
of water outputs from 100 to 400 MW. Optimization has been carried out and
cost contours are drawn for plant combinations which could be built on current
technology [58]. It was estimated in a further study that, in the range of 667
to 1500 MWth, nuclear heat should be competitive with fossil fuel for base
load. A hybrid VTE/MSF (vertical tube evaporation/multi-stage flash) plant
coupled to a steam generating heavy water reactor can supply up to 40 MW of
peak power per 75700 m3 /day (20 Mgd) of base load water output. The cost of
peak power is about 2.3 times that from the same reactor designed for power
production only [59].

Problems and economics of large-scale single-purpose multi-stage flash
plants, whose thermal performance is boosted by vapor recompression, were con-
sidered in a paper by Starmer and Lowes. In the cycle chosen there is no
inter-effect heat-rejection or heat-input section between the two heat recove-
ry sections used; instead a flash stage is used to provide the vapor to be com-
pressed for condensation in part of the heat-input section. A comparison is
given of the water cost from such a plant and from a large nuclear dual-purpose
plant using either pass-out or back-pressure steam for the distillation
plant [60].

U. S. A. Early studies in the United States included the evaluation of
desalting plants with a capacity of 15 to 150 Mgd (57000 to 570000 m3/day)
and nuclear power plants of 200 to 1500 MWth for combined water and power pro-
duction [61]. The work on nuclear desalting was jointly sponsored by the
Office of Saline Water and the Atomic Energy Commission.

Five small capacity desalting plants are operated by heat supplied from
nuclear reactors: one in San Onofre, California, power plant with a capacity
of 653 m3/day (172500 gpd), two at the Indian Point, New York, power plant with
a capacity of 545 m3 /day (144000 gpd) each, and two at the Surry, Virginia,
power plant with a capacity of 655 m3/day (173000 gpd) each. The importance
of these plants is local.

The most important feasibility study on nuclear desalting is that for the
Metropolitan Water District of Southern California, also known as Bolsa Island
nuclear power and desalting project. According to the design the plant was to
be sited on a man-made island offshore from Bolsa Chica State Beach in Orange
County, south of Los Angeles, California [62]. This unconventional siting was
selected because the land cost in California was so high that several million
dollars would be saved by this means. Approximately 1900 MW of gross electri-
cal power from two reactors and 150 Mgd of desalted water would consist the out-
puts of the proposed dual-purpose plant. Three HtSF trains would make the pro-
jected capacity with an initial installation of one train of 190000 m 3 /day
(50 Mgd) and appropriate provisions for expansion of the desalting plant to
the capacity of 570000 m3 /day (150 Mgd) in four years. The cost of water at
the plant site was estimated to 9.64 cents/m3 (36.5 cents/kgal). Although the
expected cost of water was attractive the project was delayed for various rea-
sons, including increase in costs since the feasibility studies [63].

It was concluded in another study on the application of dual-purpose nu-
clear power and desalting plants to provide supplemental water needs of the
New York City metropolitan region, that large scale distillation plant, operat-
ing conjunctively with the existing surface water supply system, utilization
off-peak power and steam, are the most economical alternative to accomplish
this objective [64].
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This problem was already examined in an engineering study of the potentia-

lities and possibilities of desalting for Northern New Jersey and New York City

[65], in a study of optimum operation of desalting plants as a supplemental
source of time yield for New York City [66], and in a study to assess the long

term technical and economic feasibility of dual-purpose nuclear power and de-

salting plants to serve large metropolitan areas, with special relevance to

existing and planned systems and sources of power and water supply, with empha-

sis on New York City. The study indicated that a 750 Mgd (2840000 m
3/day) de-

salting plant operated in conjuction with the existing surface system would be

required to meet the long range needs of the New York City region [67].
The most sophisticated multi-purpose nuclear plant being designed was also

intended for erection in the New York area, at Riverhead, on Long Island's

north shore. The project was named SIRFSIDE, acronym for Small Unified Reactor

Facility with Systems for Isotopes, Desalting and Electricity. When completed,

it would produce 2500 kW net electricity, 1 Mgd (3785 m
3/day) of fresh water

and the equivalent of 400000 Curie of cobalt-60 annually [68]. This project

is as well delayed.
A large-scale prototype seawater desalting plant was proposed, to evaluate

the technical and economic feasibility of a 40 Mgd (151000 m /day) desalting

plant in two 20 Mgd MSF units. The project was planned to be located adjacent

to nuclear power units now under construction at the site located along the

central coast of California. Steam would be obtained from the nuclear reactors.

The 40 Mgd desalter was estimated to cost about $ 66 million and the cost of

desalting the seawater was estimated to be $ 0.73 per 1000 gallons (19.28 cents/

/m3 ) at the plant site [69]. To meet new environmental standards, such as therm-

al discharge, permissible copper in the effluent etc., it was necessary to in-

crease the estimated capital investment for such a plant by 10 million dollars.

The cost of the product water was substantially increased. In addition a 145 km

pipeline was required to convey the water from the plant to Santa Barbara,

final consumer of the product water. The final result of this study revealed

a cost of 92 cents/kgal (23 cents/m 3) and the project was abandoned.

U. S. S. R. The principal engineering concepts are presented of a dual-

purpose desalination plant for Southern Ukraine. As a heat source for the de-

salination plant the BB3P-400 reactor is used. The prototype of this reactor

operates successfully at Novo-Voronezh nuclear power plant. Multi-stage flash

evaporators are used for the desalination of water [70].

The Shevchenko desalination plant, originally operated with oil was coupled

with the local nuclear power plant. It went in operation in 1973. At its no-

minal power of MW~h the BN-350 reactor yields an electric power of 150 MW and

produces 120000 m /day (30 Mgd) fresh water. The main stages of its erection

and start-up were described by Leipunskii et al. The experience gathered during

coolant preparation and start-up works of the coolant loops was presented and

the results of studies of the dynamical characteristics and energetic start-

up of the nuclear power plant were also discussed [71].

The design and operation of the steam generators of the BN-350 installations

were discussed by Blagovolin et al. A ratio of cross-sections of rising and

falling sections of the field channel of 2.5 to 3.5 provides reliable circula-

tion over the full range of thermal loads and pressures. The steel used in

the steam generator showed good corrosion resistance and there was little or

no slurry formation in the blank end of the field channel [72].
Safety problems on fast reactors, including the BN-350 were discussed in

a recent paper by Bagdasarov and coworkers [73].

4. Conclusion

Despite the optimism and the expectations connected with nuclear desalting

and despite the large number of engineering studies made in many countries the

only existing nuclear desalting plant is that at Shevchenko.
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PROSPECTS OF WATER DESALINATION IN CUNJUNCTION
WITH NUCLEAR POWER STATIONS IN PAKISTAN

MOHAMMAD AHMAD
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ABSTRACT

The paper reviews Pakistan's land & water

resources vis-a-vis the present and projected demand of

water to sustain its economy which is predominantly based

on irrigated agiruclture. As expected, the per capita

agricultural land and the corresponding diversion of

irrigation supplies per capita are all along declining due to

increasing population pressure, however, it is shown that

further development of irrigated agriculture will be

increasingly constrained by water availability rather than

the land resources. A glance at the nation's culturable

land potential and the projected water budget would fully

demonstrate this fact.

In this context the paper discusses the likely role

which the desalination technology can be called upon to play

in supplementing the existing means of fresh water supply.

Studies have also indicated fast-growing demands both for

electric power and potable water in the Karachi area,

on the sea coast, where the possibility of having dual-

purpose nuclear power-cum-seawater desalination plant(s)

in the late 1980's is being investigated.
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I. INTRODUCTION

1.1 LAND AREA & PRESENT LAND USE

Pakistan has an area of about 80 million hectares

(199 million acres) nearly one half of which is taken

up by rugged mountains and deserts, whilst the remaining

half comprises of flat alluvial plains commonly known

as the Indus Plains. Towns, roads, water area, and

similar categories which preclude development of

agriculture and forestry account for 13%. The remaining

37% of the total land area, which falls within the

Indus plains, can be considered as the ultimate

agricultural land potential of the country.

The vast expanses of arid and semi-arid areas

lying within the Indus Plains were transformed into

the farm-lands over a period of almost a century by the

development of diversion facilities for withdrawal of

irregular natural river flows. Presently less than

one-quarter of the total land area (23%) is either under

cultivation or within the canal irrigation system and

this constitutes the present land base utilized for

agricultural production. The culturable commanded

area (CCA) of the canal irrigation system is about

13.6 million hectares (33.5 million acres), of which

only about 75% receives surface water supplies at

present [1].

Pakistan has also a sizable sea coast extending

from Karachi to the Iranian border which forms part

of the greatest coastal desert belt in the world. The

coastal area with good climate, excellent fisheries

and vast quantities of minerals in the whole region

at its back, and above all beautiful sites for

natural harbour, is lying almost totally barren

and sparsely populated for want of enough fresh

water, power and communications.

Agriculture now occupies a strategic position

in the economy of Pakistan, as it contributes about

34 percent to the gross national product and provides
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occupation to over 50 percent of the total population

in the country. In the present context, agricultural

sector is by far the major consumer of water. Due

to increasing population pressure, the per capita

agricultural land has all along been decreasing. In

view of this, the growth of agriculture requires

expanded use of irrigation along with other farm

inputs. To illustrate the degree to which agriculture

in Pakistan depends on irrigation, canal irrigated

areas supply 80% of the food-stuffs produced in the

country and nearly all the cash crops.

The twin menace of water-logging and salinity

is the major source of deteriotation in the soil

fertility and is also taking away a major portion

of culturable area annually out of cultivation.

According to some surveys, the water-logged area

in the country is about 6.4 million hectares

(15.7 million acres) while the salinity-affected

area is 7.8 million hectares (19.2 million acres).

A long term programme for the control of water-

logging and salinity is being persued which involves

installation of large number of tubewells and

provision of adequate drainage facilities.

1.2 WATER RESOURCES OF THE COUNTRY

1.2.1 Surface Water Resources

At the time of independence in 1947, the total

annual mean discharge of the rivers entering the Indus

Plains amounted to 216 x 109m3 (175 million acre feet)

of which about 206 x 109m 3 (167 MAF) entered Pakistan.

Soon after the independence, India exerted proprietary

rights over waters of the eastern rivers and stopped

supplied to certain canals irrigating about 3.2 million

hectares (8 million acres) in Pakistan dependent on

these rivers. After several years of protracted

negotiations the Indus Water Treaty was signed in

1960 which allocated total mean annual flow of the

3 eastern rivers to India, although 66% of the irrigated

area served by these rivers was located in Pakistan.
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Thus the total annual flow now available to Pakistan

from surface water resources is only about 175x10 9m3

(142 MAF) which is made up as follows [1]:

9 3River system Discharge(10 m per year)

Mean Minimum Maximum

Indus 115 89 136

Jhelum 28 19 41

Chenab 32 23 46

Total 175

The above table also shows the variation in the

discharge from the mean in the forty year period

(1922-1962).

1.2.2 Ground Water

The plains of the Indus basin are underlain

by an extensive ground water aquifer of varying

salinity and physical properties which has a gross

area of the order of 16 million hectares (40 million

acres) and probably exceeds 300 metres in depth

under most of the area. The area overlying the

aquifer contains the whole of the irrigated area

of the plains. According to the recent estimates,

in about one third of the CCA, the ground water is

too saline to be used for irrigation even after

mixing with fresh surface water. This is illustrated

in the following table [1]:

Regional Ground Water Quality Zone Areas

(Million Hectares of Development CCA)

Salinity Less than 1000-3000 Greater than Total
1000 ppm ppm 3000 ppm

Upper Indus
Plains 5.02 1.66 1.57 8.25

Lower Indus
Plains 0.73 0.18 2.72 3.63

Total 5.75 1.84 4.29 11.88
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The upper-most 30m of the useable ground water

aquifer in the irrigated area of the plains stores

about 370x109m 3 (300 MAF). In general terms the

salinity increases both with the distance from the

river and with depth. The quantity of the ground water

stored varies according to the inflow of recharge

to the aquifer relative to withdrawals or discharge

from earth. In general the recharge is derived from

river and canal losses, seepage from water courses and

irrigation fields and perculation to the aauifer

due to rain. Seepage losses from the canal system

probably make the most significant contribution to

recharge. The volume of recharge has been estimated

in the IBRD study to be as follows [1]:

Estimated Recharge to the Aquifer

(109 m3)

Year 1975 1985 2000

To useable groundwater
zones 42 51 54

To Saline water zones 18 22 33

Total recharge 60 73 87

1.3 DEFICIENCY OF IRRIGATION SUPPLIES

The river supplies have a large seasonal fluctuation

in flow; of the total mean flow of 175x10 9m3 (142 MAF),

an average of 28x109 m3 (23 MAF) is received during October

to April (Rabi season) and 147x109m3 (119 MAF) in May

to September (Kharif season). The river supplies of the

Rabi season are being used in full whereas in Kharif

season the overall utilisation is less than the inflow

and an average of 49x10 m (40 MAF) water flows out

to the sea in the absence of sufficient means of

conservation. The present requirement of water during

Rabi is estimated at 52x109m3 (42 MAF), whilst the

supplies at the water course after allowing for

ground water pumpage & Tarbela storage falls short

19



9 
7
3

by about 4x10 m- (3 IAF). The deficiency in water

availability during the Rabi season, therefore,

constitutes a constraint in the required application

of water both in depth and extent. Such seasonal short-

falls have resulted in very low cropping intensities

and poor farm yields. The position in the next

decades is bound to worsen if no further water resources

development takes place.

In the next decade it is the feasible rate at

which the water potential can be further exploited that

will generally govern the rate at which irrigated

agriculture in the Indus basin will be increasingly

constrained by water rather than the land. It

has been demonstrated by the IBRD study [1] that

even with full development of the total ground

water and surface water potentialities, there is

unlikely to be sufficient water to meet the crop

water requirements at the estimated attainable

cropping intensities over the whole of the presently

designated CCA. The study proposes the present

canal irrigated area of 10 million hectares (25

million acres) to be expanded to 11.9 million

hectares (29.5 million acres) and brought to full

intensity and full farming efficiency. To meet

these modest projections an increasing rate of

tubewell installations, widening of canals in

general and a longer term means of using more of the

available surface water resources would be required.

Within the context of its principal function

i.e. transferring surplus Kharif water to Rabi shortages,

the storages built in the 1960's had the primary

function of replacing the Rabi flows of the eastern

rivers which were allocated to India, the storages

now being planned to be built during the next twenty

years will provide seasonal regulations; whereas

the over-year storage for carrying-over larger

surpluses in some years to years with lower than average

surpluses, would still remain a longer-term goal.
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The Indus basin is not well-suited geographically

for the development of storage reservoirs. The topo-

graphy of the country does not provide large reservoir

sites which would be technically or economically easy

to develop. The preliminary estimates are that the

development for seasonal regulation may lead to about

8.6 x 109m3 (7 MAF) of storage on the Jhelum and

24.6x109 m3 (20 MAF) on the main Indus whilst the

over-year storage might extehd them to 11x109m3

(9 MAF) and 32x109m3 (26 MAF)respectively [1].

1.4 PROJECTED WATER BUDGET

In ]967, a Group of the IBRD staff prepared

a study of the Water & Power Resources of Pakistan

which included a comprehensive programme for the

Development of Irrigation & Agriculture [1]. The

Bank Group was assisted in this work by an

Association of consultants who worked over a period

of two years on all aspects of the problem. This

study included a careful analysis of the nation's

water budget, after considering all the related

variables. This projected water balance is reproduced

in Fig.I for the canal commanded areas under mean

flow conditions for the respective years 1975, 1985

& 2000 AD. Thus from about 48x10 9m3 (39 MAF) of

river water flowing to the sea at present, the loss

to the sea is expected to decrease to 42x109m

(34 MAF) by 1985 out of which 15x10 m (12 MAF)

would be contributed by subsoil saline water drainage.

After full development by the year 2000 AD, the river

water discharge to the sea would be negligible,

however the drainage from saline water aquifer

would contribute about 32x109m3 (26 MAF). These

projections assume completion of adequate storages

and canals in time plus development of the ultimate

potential of ground water.

In conclusion, although it may be stated that

our position with regard to water supply is generally

satisfactory upto 2000 AD from the overall point of
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view, it is by no means unlimited. Our water resources

are insufficient to meet the long-term requirement

of the agriculture, industry and other uses unless

their judicious and economic use is ensured. The

available resources are ill-distributed resulting

in seasonal abundance in some areas while in other

regions are chronically drought-affected. There will

be increasing competition for available supplies as

more and more water gets harnessed and committed.

Already there are strong reasons to believe

that population growth is going to be higher

than that projected in the IBRD study (the actual

population in 1975 was 7% higher than the

projected figure, whilst the figures for the

years i985 & 2000 AD appear to be under-

estimated by 10% & 20% respectively).

II SCOPE OF DESALINATION IN PAKISTAN

2.1 GENERAL

Water desalination either alone or in conjunction with

nuclear electricity generation has been the subject of

detailed investigation in Pakistan under the auspices

of its Atomic Energy Commission (PAEC), as would be

obvious from the selected list of reports, articles

and papers prepared over the last ten years [2-23]. In

these efforts, the PAEC has been fortunate in obtaining

assistance from US teams of experts/consultants who

visited Pakistan in April 1969 and again in May 1974,

and from the IAEA who sent one-man mission to Pakistan

in May 1970 and later in June 1972. The details of

their findings can be obtained from references [5,6,19,21].

There are many locations and small communities

in this country where fresh water resources are

scarce, so much so that even water for drinking purpose

is hard to get. For instance, in the coastal region

described earlier, there are either no perennial

surface water supplies nor are they present in adequate
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quantities; similarly the underground water supplies

are very limited and their quality is generally poor

for normal consumption because of excessive salts.

In some cases mobile plants may be helpful to meet

the domestic water demand over a large area, while

there are numerous potential sites where small plants

may be required producing both water & power [2,20,21,22].

At the other end of the scale there are areas where

desalination plants of large to very large sizes

may be built in the distant future. Away from the

sea and in the lower Indus Plains, the underground

water is mostly brackish [4,13]. It is true to say that

practically the whole of the southern region of the

plain sits as a land mass over what may virtually

be called a salt water lake. As discussed in the

previous section, virtuallly all the water used

in this region comes from the Indus river, whose flow

is characterized by discharges which are high in the

summer with considerable variations in the peak

from year to year, and very low in winter, necessitating

construction of several barrages in the region. The

water drawn at present from the Indus system falls

short of the existing irrigation requirements of the

region and even if all the potential sites for storage

reservoirs were fully developed, the future demand for

agriculture would not be adequately met. In the

long-term, inland desalination will therefore need

a serious consideration [3,5,6,14].

The combination of tubewells and conveyance

channels, being constructed in the Lower Indus plains

as a remedial solution to water-logging and salinity,

would provide a ready-made source of feed water for

future inland desalination units, thereby saving the

pumping cost from deep wells specifically for

desalination. Another significant advantage would be

the case of disposal of the reject brine by means

of these reclamation/drainage channels.
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From the view point of desalination technology as it

exists today, coastal deserts are however an easier

choice for development. The availability of unlimited

supplies of sea water of uniform composition and always

at sea level and ease of accessibility to the free

ocean highways which facilitates the heavy equipment

for the installation, are the obvious advantages.

2.2 WATER & POWER NEEDS OF KARACHI AREA

2.2.1 Water Requirement

In spite of the great potential of the coastal

belt, the main inhabited spot is the desert port of

Karachi. A characteristic feature of this city is

that it has virtually no hinterland. From a tiny

fishing village, it has now grown into the largest

and busiest metropolitan area of the country, and

this has put a continuous strain on the water supply

system (Table I). The existing Greater Karachi Bulk

Water Supply System (GKBWS) brings water from the

river Indus, 160 km from Karachi, and is planned

for the ultimate capacity of 1.28x106 m3 /day (280 Migd).

The possible additions from the remaining phases of

GKBWS and from the nearby Hub dam source will raise

the capacity of the water supply system to 1.54 x ]06m3/

day (340 Migd) in 1980 & 1.86 x ]06m3/day (410 Migd)

in 1985 respectively.

Forecasts of per capita water demand for the

Karachi Metropolitan Region were developed in 1972

by the Master Plan Department of Karachi Development

Authority, with the assistance of UNDP, considering the

living standards of the inhabitants and the likely growth

in various sectors of economy. These results are summarised

in Table2. [18]Combining these estimates with the likely

growth of population, the total demand has been worked

out for the period 1980 to 2000 AD, which indicates a

sharply rising demand in the metropolitan region vis-a-vis

the available supply. These projections exclude seasonal

variations over the daily demand, the actual requirement

24



in summer season may be 10-20% higher than the average

demand indicated in Table 3. Thus the supply system

would require annual increments of about 0.14 x 106m3

(about 30 Migd) in the daily capacity around 1985 to

match the expected level of water consumption. The

conventional source of supply from the Indus is in great

demand for the existing and planned irrigation in the

Indus Plain and further diversions to urban supplies

may not be justified. It is also reasonable not to

rely upon a single source of water supply for a city

whose population is expected to reach 14 million by the

turn of century. As such a part of the expected additions

in capacity could possibly be met by desalination units.

2.2.2 Power Requirement

The electric power requirement of the inter-

connected grid of the country in general and of Karachi

in particular will also be growing rapidly in the

same time scale as that discussed above for the water

supply. The optimised growth of the Karachi-

Hyderabad-Lasbela system both alone as well as in

conjunction with the rest of the country, was the

subject of a detailed study jointly conducted by

the IAEA & the PAEC during 1972-74 [24]. This study

envisaged the addition of 3 x 250 MWe coal fired/

nuclear units in the period 1980, to 1986, followed

by a 600 MWe unit in each of the years 1987 & 1989.

The optimisation studies have further shown that the

system would require additions of 5200 MWe in nuclear

capacity of this region in the 1990's.

Essentially a similar expansion schedule for the

Karachi area has been indicated in the Feasibility

Study conducted by Messrs. Fichtner of Germany, covering

the period upto 1990 (25]. Their analysis has required

3 or 4 x 200 MWe units based on natural gas/oil to be

installed during 1981-87. The study further indicated

the 600 MWe nuclear unit to be installed in 1987/89

and another similar unit in 1990 if the first unit

were installed in 1987.
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2.2.3 Options for Sizing of Power-cum-Desalination
Plants

The need for supplementing water and electric

power supplies for the Karachi area in the latter half

of 1980's has been amply demonstrated in the previous

paragraphs. Whereas, the nuclear power generation wins

on technical & economic grounds as well as on the basis

of limited indigenous energy resources; the desalination

of sea-water may be justified for reasons of scarcity

of conventional water resources along with the fact

that urban water supply system can easily bear the

higher costs of desalted water compared to the existing

water supply costs. The natural consequence of this

would be to couple the desalination plant(s) with

the proposed nuclear power stations.

A large number of options are possible for the

desired water/power ratios, depending upon the types

and size of reactors, the mode of coupling the electric

and desalination plants and on the desalination

technology employed. Table 4 summarises some of the

possibilities which would be available in the late

1980's. Thus schemes using either a number of small

integrated reactors or a large reactor in conjunction

with desalting units in various modes thereby yielding

a range of water and power outputs, are quite feasible.

No optimisation study has so far been

performed to choose, from amongst these various

alternatives, the system most suited to conditions

in Pakistan. Previous work had only involved

preliminary optimisation analysis relating to

dual-purpose plant modes involving larger

reactor ratings and yielding power & water

outputs in the range of 400 MWe and 0.45x10 m /day

(100 Migd) respectively []7].
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Table 1. HISTORICAL GROWTH OF KARACHI CITY
WATER SUPPLY

Year Population Net Water Supply
(thousands) Average Per Capita

(m3/day) (litres/day)

1935 300 36400 121

1941 436 45500 104

1947 500 59150 118

1951 1138 100100 88

1961 2144 227500 106

1971 3364 737100 219

1977 4408 737100 167

Table 2. FORECASTS OF PER CAPITA WATER DEMAND
FOR KARACHI METROPOLITAN REGION

Year 1971
litres/day

1985
litres/day

2000
% litres/

day
59 2181. Residential 109 56 168 55

2. Industrial 41 21 55 19 78 19

3. Technical 16 8 23 8 36 9

4. Agriculture 2 1 5 1.5 9 2

5. Losses 27 14 35 12.5 59 15

Average per 195 100 286 100 400 100
Capita Demand
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Table 3. PROJECTED POPULATION & WATER DEMAND FOR
KARACHI METROPOLITAN REGION

Year Population Per Capita Demand Average Demand
(thousands) (litres/day) (0 6m3 /day)(106m/day)

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1995

2000

5584

5840

6109

6390

6685

6992

7314

7650

8000

8370

8756

10960

13730

249

256

263

270

278

286

292

299

306

313

320

358

400

1.39

1.50

1.61

1.73

1.86

2.00

2.14

2.29

2.45

2.62

2.80

3.92

5.49

Note: Actual requirement in summer season may
10-20% higher than indicated above.

be
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Table 4. OPTIONS FOR NUCLEAR DUAL-PURPOSE SCHEMES FOR PAKISTAN

Reactor Type & Thermal Rating
0 Dual-Purpose Output*
0 MWe 0 m3/day(Migd)
0 0

Single-Purpose
0 Elect.Output*
0 MVe

A. Small/Integrated Reactors

1. TECHNICATOM, CAS 3G (420 MW)

a) Extraction mode 106 22000(5) 125

b) BP mode 50 150000(33)

2. INTERATOM,IPWR(400-1000 MW) 83-217 110000-280000

(25 - 63)

110-300

110
3. B&W, CNSG (365MW)

CNSS (1200MW)

4. GE, Intermediate BWR

)
)
)
)
)

Similar to 1 & 2 above 360

300-400

5. HTGR ---------- do -

B. LARGE STANDARD REACTORS

6. LWR & PHWR (1880-2000 MW)

a) Extraction mode 550-600 70000 - 140000

(15-30)

400-450 500000
(100)

600-700

b) BP mode at High BP

c) BP mode at low BP

d) BP mode with HTME process

500 plus 135000
(30)

550-630 225000
(50-70)

* Approximate only
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STATUS OF DESALINATION PROJECTS IN IRAN

MOHI FMANI

Atomic Energy Organization of Iran
Tehran, Iran

ABSTRACT

Iran, a country with a rapid industrial development and vast
areas of arid zone has increasingly become an important market place
for desalination, and in particular Nuclear one. The situation in
arid zone areas of Iran is analysed. Past and present status of
desalination, dual purpose plant and Nuclear desalination in Iran is
discussed. Some aspects of different arrangements for heat ex-
traction and combined systems and the Socio-economical impact of
Nuclear desalination project for Iran is discussed.

In general, Iran is a dry country with only exception of the

Caspian coast. It is estimated that average of 440 billion cubic

meters of natural precipitation falls in Iran of this, only 30 billion

cubic meters is used for agricultural and urban or industrial purposes.

The rest is lost through evaporation and absorption into the earth and

seas. Of Iran's total annual rainfall 52 percent falls in the Caspian

and western regions (25 percent of the land) and 30 percent in the

central region which is 50 percent of the land. The annual amount

of precipitation for the country as a whole averages from 300 to 350 mm

of rain. It ranges from less than 10 mm in the desert interior to

more than 2000 mm across the Caspian. Iran's rivers are of non-

perennial kind, nearly dry through the summer and autumn months and

flooded during the spring. In view of the importance of water to

agriculture, and ancient water preservation has been developed in Iran

in the form of water channels called " Qanats ", for the utilization of

underground water. The number of qanats of any significance now is

around 3500 averaging 5 kilometers in length. They deliver about 10

billion cubic meters a year. Efforts have been under way in Iran, to

control and conserve its water resources more effectively. Particular

emphasis has been placed on controlling surface water through dam

constructions. Today more than 12 important dams with total reservoir
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capacity of 10 billion cubic meters has been constructed, and another

11 more dams are already either near completion or in the planning stage.

According to the programme set, water reserves in dams must increase to

27 billion cubic meters.

The central, eastern, south eastern and southern cost of Iran

considered to be arid. Two great deserts, the Dasht-e-lut and the

Dasht-e-Kavir occupy a large part of the central plateau and together

account for one half of the desert areas and one sixth of the total

area of Iran. These deserts are the most arid in the world, and while

an occasional oasis may be found in the Kavir, the Lut is totally barren,

supporting no life whatsoever.

On the southern coast of Iran, the amount of annual precipitation is

very low and as a result most of the coast is basically as arid as the

dry interior. From the south-western area of the coast to the south-east,

the maximum temperature and rainfall decrease and moisture increases. The

south-eastern part of Iran, the state of Sistan and Baluchistan is arid

and has a small population in the land as large as one tenth of Iran.

The standard of living is very low in this state. Generally any major

development in arid zone areas of Iran depends very much on the supply

of fresh water.

In 1960 the first small desalination unit of M.S.F. type with total

production of 1000 m3/day has gone into operation in Khark Iland. Since

then, with gradual industrial and economical expansion, different govern-

mental agencies have utilized small units of desalination for their needs.

Some of the important governmental organizations involved in utilization

of desalination units are:

1. Iran National Oil Company;

2. Iran's Military (Navy and Aiforce);

3. The Ministry of Energy and Water

4. Atomic Energy Organization of Iran.

Today there are about 40 small and medium size plants in operation,

with estimated total capacity of 50 000 m3/day. In chart No.1, the total

individual capacity installed of some major process such as MSF, HTME,

VCE, LTV, Electrodialysis and R.O are presented. So far as it is shown

in this chart, M.S.F. is the most used process and it seems this trend

will continue for some time in the near future. The HTME and VCE

processes have been largely used as well. Iran has been open in respect
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to the purchasing of different processes. Hence it had an opportunity

to obtain a good experimental comparative evaluation of different desalination

processes.

In chart No.2 the growth of water desalination process from 1960-1975

is shown and in chart No.3 the trend of the growth up to the year 1992

is shown with total capacity reaching 300 000 m3 /day in the year 1982.

In chart No.4 some of the major Iranian cities, ports and islands which

have desalination units, are presented. Some interesting recent

developments, worth mentioning, are the newly installed HTME process

with total production of 12 000 m3/day in Kish island. (Kish Island is

fast growing into an important area in the Persian Gulf).

A small LTV unit with a total production of 2 400 m3/day has been

installed in Bushehr Island (in Halilleh sight).

A reverse osmosis process is installed in ZAHEDAN area which has

brackish water with a total dissolved solid contents of 2000 Mg/LIT.

The total capacity is 8000 m3/day, expandable to 16 000 m3/day.

In 1974 the Ministry of Energy and Water has shown interest for the

installation of a large fossil fuel dual purpose desalination facility on

the Bay of CHABBARAR off the South-eastern coast of Iran. The plant

includes two M.S.F. evaporators with provision for a third unit in future.

Each unit is capable of producing 20 000 or up to 30 000 m3/day distillate.

Both the evaporators can be operated simultaneously or independently of

one or two pass-out condensing steam turbine generators, each of 25 NWe

rating. Eventual water and electric power generation is envisaged at

6 000 m3/day with 50% stand-by capacity for both, water and power.

The Nuclear Desalination plant is among the latest and the most

important projects now under review by the Atomic Energy Organization

of Iran. In this project the production of 200 000 m3/day of desalted

water is envisaged, using the first two pressurized water reactors

(1 200 MWe each) in BUSHEBER (Halilleh).

The Atomic Energy Organization of Iran had originally drawn certain

guide-lines in respect to the interconnection of desalination plant and

nuclear power station; accordingly the layout must make the best use of

the thermodynamic and economical advantage of coupling the two systems.
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The reliability and availability of both the power plant and

desalination should be of the highest importance. The atlence

the two have on each other must be minimized. The desalination

plant should not in any way be contaminated with radioactive materials

as a result of its coupling with the nuclear power plant. Further,

increased operation of the nuclear desalination plant should not be

more difficult compared with individual operation of the nuclear

power plant or desalination unit.

In summary, most of the major proposals submitted to the Atomic

Energy Organization of Iran for the interconnection of the two systems

are within the following three categories:

1. To generate process steam in a secondary steam generator by

means of main steam from the nuclear power plant and expansion

of this process steam in a back pressure turbine.

2. To extract steam from nuclear power station, where in reducing

station, it is throttled down to the saturated steam pressure

which is required for the final brine pre-heater.

3. A hot water loop is used to interconnect the two systems, hot

water is heated by steam exiting from the turbine. The pressure

of hot water system is higher than the pressure of the brine and

the heating steam. So it is not possible for any brine or

heating steam to penetrate into the hot water system. Thereby

avoiding salt and radioactivity in the hot water system.

For all the above mentioned three proposals, oil-fired hot water

boiler take over the heat supply for desalination plant when the nuclear

power station is shut down.

Decision has been reached by the Atomic Energy Organization of Iran,

to use the third proposal, that is, utilizing the hot water loop for

interconnection of its nuclear and desalination plant. Furthermore,

M.S.F. system was picked up as a choice of processing for desalination

with eight lines, each producing 25 000 m3 /day.
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In order to understand the socio-economical impact of the

Nuclear Desalination project in Iran, one has to understand the

present state of developments in this country.

For years the government of Iran had laid plans based on moderate

income from various sources and injection of foreign aid. In 1974

following the phantastic rise in oil revenues the economy of Iran was

set at an unprecedented pace. Today Iran has an ambitious programme

for rapid development on all fronts, forever reaching towards the dream

of becoming an economic superpower. On the industrial front, the

biggest slice of revenues is being allocated to oil, gas and petro-

chemicals, together with high priority on heavy industries such as

steel, copper and machine tools. Also, massive funds are set to

boost agriculture to achieve maximum self sufficiency. More special

attention is given to developing the country's highways, ports and

communication systems without which the industrial expansion would be

in danger of stagnating. The country's defense capacity also will

be expanded to ensure defense of national interests.

Certain basic factors are crucial to the growth and development

of Iran, one is to provide enough electricity to feed the industry

an4 the other would be to overcome the water shortage. The present

production of electricity in Iran is about 4 500 MWe. The current

aim is to boost this figure to 46 000 MWe. But the government intends

to slash the country's dependency on crude oil as a source of fuel

and replace it to a large part by rapid programmes of nuclear energy.

The current programme is to increase the nuclear power plant capacity

to 24 000 MWe by 1993. As each unit of nuclear reactors requires

about 60 m3 of cooling water every second, Iran's interior is thus

unsuitable for siting. This leaves only the coastal and river

locations on the Caspian sea or the Persian Gulf. For those units

which will be located on the coast of the Persian Gulf, such as

nuclear reactor No. 1 and 2 at Hallileh, desalination would be used

in large magnitudes as an instrument to promote Iran's development.
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Location of installed desalindition

Plants in IRAN

3
Place Capacity M/day Location

I
BANDAR ABAS 16000 Persian Gulf

BANDAR BUSHEHR 7000 Persian Gulf

KISH ISLAND 12000 Persian Gulf

KHARG ISLAND 4100 Persian Gulf

BANDAR LANGEH 1380 Persian Gulf

HORMOZ ISLAND 520 Persian Gulf

ZAHEDAN 8000 Interior

KASHAN 500 Interior

BID BOLAND 500 Interior

MAIN KHV 700 Interior

TEHRAN 800 Interior

Chart No 4

A.E.O.I.
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CAPACITIES OF EVAPORATION UNITS

IN IRAN - 1960 - 1977
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DESALINATION PROJECTS IN THE KINGDOM OF SAUDI ARABIA

BA3HAR EL-ROUMI

Saline hlater Conversion Corporation
Jeddah, Saudi Arabia

The conventional fuel sources have ceased to be cheap and their
abundance has proven to be uncertain. As the petroleum reserves
are not going to be available at the present rate for a long
time alternative sources of energy have to be exploited to meet
the ever increasing energy requirements. Petroleum which is now
being used to generate power and provide energy will be depleted
soon if utilized in the present manner. This precious natural
source could last long if it is used in a proper way. The King-
dom of Saudi Arabia is actively thinking in this direction to save
the precious natural resource and look towards alternative sources
of energy to meet their rapidly growing needs for development.

The lack of water resources in the Kingdom made us look towards al-
tern-tive sources and sea water desalination entered into the pic-
ture as a potential and infinite source of fresh water. The Office
of Saline Water was established in 1965 under the Ministry of
Agriculture. His Majesty's Government is now convinced that desa-
lination of sea water is an essential technology helping the develop-
ment of the Kingdom. As our projects have been successful in pro-
viding for the needs of the people, under the able guidance of HRH
Prince Mohammed Al-Faisal, the Government made the office of Saline
Vater into an independent Corporation in 1975.

Thefirst desalination plant was commissioned in 1967 and at present
there are six plants in operation, with a total desalinating capa-
city of 12.86 million gallons per day. Two of these plants are
situated on the east coast and four on the west. There are two
plants under construction on the west coast with a fresh water pro-
ducing capacity of 30 million gallons per day.

The second five year plan consists of establishing twenty new desa-
linating plants, 13 on the west coast and 7 on the east, with a
total planned desalinating capacity of about 4900 MW of electricity.
Several of these plants are dual purpose which will produce electrcity
in addition to distilled water. At present there is only one dual
purpose plant located at Jeddah with a desalinating capacity of 5 MGD
and producing 50 MW of electricity.
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TABLE I

SWCC PLANS POR EASTERN COAST UNTIL 1982

Plant water Electricity Date of
(MGD) (MW) CCompletion

I. Under construction or
Compietione .

1. Al-Khobar - 1 7.500 - 1974

2. Al-Khaf3i - 1 0.120 - 1974

TOTAL 7.620 -

II. SECOND PIVE YEAR PLAN
1. Al-Khobar 2 40 400 1978
2. Al-Khaf3i 2 5 50 1978
3. Jubayl 1 30 300 1978

2 to 4 170 1700 1979, 1980
1981, 1982

4. As-Saffaniya 50 500 1980

5. Al-Uqayr 1 25 250 1980

6. Al-Kharj 0.15 1978

Sub-Total (Planned Projects) 320.15 3200

TOTAL: 327.77 3200
.~~~~~~~~~ i 

The total costs of second five year plan for desalination in the
Kingdom is estimated at 45,100 million Saudi Riyals. Unit costs
can be estimated from existing plants by using their actual total
annual operating costs. These costs are allocated in varying
proportions to water and electricity production.

Contd....
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TABLE II

SWCC PLANS FOR THE WESTERN COAST UNTIL 1981

Plant Water(Mgd) Electricity Date of
(MW) completion

I. UNDER CONSTRUCTION OR COMPLETED:

1. Jeddah 1 ;; 5.000 50 1970

2 .. 10.000 100 1978

2. Al-Wajh 1 .. 0.060 - 1969

2 .. 0.120 - 1976

3. Duba 1 .. 0.060 - 1969

2 .. 0.120 - 1976

4. UMM LU33 .. 0.120 - 1976

5. Haql .. 0.120 - 1976

Total .. 15.6 150 

II. SECOND FIVE YEAR PLAN:

1. Jeddah 3 .. 20.000 200 1978
4 .. 50.000 500 1979-81

2. Madinah Munawwara 1 20.000 200 1978
2 40.000 400 1979-81

3. Yanbu .. 5.000 50 1978

4. Rabigh 0.240 - 1977
5. Al-WaJh 3 .15.000 150 1979-80
6. Duba 3 *0 5.000 50 1978-79
7. Umm LuJJ 2 .. 1.000 10 1978
8. Haql 2 .. 1.500 15 1977
9. Laith 1 .. 0.120 - 1977

10. Al-Qunfudah .. 1.000 10 1978
11. Parasan .. 0.060 - 1977

Sub-total (planned Projects) 158.92 1585 

TOTAL: .. 174.52 1735
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Table III

Unit costs of production from existing plants.

Allocation of costs Unit costs

Electricity Water Electricity Water
% % (SR / KWH) ( SR/ 1000 Gal.)

40 60 0.035 11.89

50 50 0.042 10.25

60 40 0.048 7.94

70 30 0.054 7.00

This shows that both unit costs of electricity and water pro-
duction are economically competitive with the cost of many
conventional production methods. This competitive edge will
increase as new savings methods and new desalination techno-
logies are developed.

The Saline water conversion Corporation (SWCC) being one of
the consumers of oil and gas is looking towards alternative
sources of energy such as nuclear and solar energy to power
their desalination plants. The Corporation has established
a department for research and technical affairs to look into
the selection of suitable materials and fuels.
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Implementation of the Dual-Purpose Principle in Iran,

Bushehr Desalination and Nuclear Power Plants

* **

M. Edalat , F.S. Mansoori

J. Entessari and H. Hamidi

Atomic Energy Organization of Iran
Tehran, Iran

ABSTRACT

The requirements for electrical power and fresh water and the past and present

desalination projects in Iran are discussed. The different methods usually

employed in coupling the desalination plants with power plants are outlined,

and the interdependency of the two plants and the safety aspects due to radio-

active contamination are considered. Finally, the method utilizing a pres-

surized hot water loop as a safety barrier for the two proposed desalination

plants to be coupled with the Bushehr Nuclear Power Plants under construction

in Iran is described.

1. INTRODUCTION

The change in man's sources of energy and the rates at which they are consumed

have been dramatic over the past century.

Economic progress is usually closely associated with available energy.

Thus it may be expected that a major contribution to the increase in world

energy consumption will come from improvements in economic conditions and

the standard of living. However, world energy consumption during the last 20

years has increased very rapidly, by about 8% per year, much faster than the

population growth rate,which was about 2.3% per year during the same period.

The major portion of this energy is consumed in producing electricity, the

demand for which is constantly increasing.

* B.S. Chemical Engineering and Ph.D., Solid and Fluid Mechanics Engineering,

University of Illinois U.S.A.

** B.Sc. (Eng.) University of London, Ph.D. (Mechanical Eng.) University

of London.
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Technological societies, as well as developing countries, due to rapid

industrialization and population growth, as well as large power demands, also

place an increasingly heavy load upon fresh water resources, not only for

drinking but also for sanitation, irrigation, and countless industrial opera-

tions. Huge quantities of fresh water are needed by industry and agriculture.

Increasing per capita demand for water caused by the rising standard of living,

increase in population, and industrialization have brought many countries close

to the critical point where existing resources can no longer satisfy the grow-

ing demand.

The main problem with providing a part of this fresh water through sea-

water desalination has been the cost factor. For desalination to be competi-

tive with other means of providing water supplies, such as building reser-

voirs or transporting fresh water over long distances, it must have a minimum

operating and capital cost. Much smaller operating and capital costs can be

achieved if a large scale desalination plant is coupled with a nuclear power

plant to deploy its steam supply and share some common structural facilities(l).

The dual application of nuclear energy for a large-scale desalting of

sea-water and electricity production could result in reduced process costs

and meet part, if not all, our future needs of fresh water and electrical

power.

2. IRAN POWER AND WATER SITUATION

For a country like Iran, in which the natural resources are strained due to

population growth, rapid development in industry, agriculture, and general

standard of living, a high rate of increase in power and water requirement

is inevitable.

Iran is very rich in fossil fuel resources. It is the second largest oil

exporting country in the world, with the second highest known oil and gas

resources, which are, of course, the main conventional fuels. Hydro-electric

power, although limited, is also an important source of electrical energy.

The total power utilized in 1977 amounted to 4814 MW(e) which is 2680 MW

short of Iran's power requirement for the same year.

To meet the tremendous energy requirement in the next 20 years due to

industrialization, a vast programme of energy development and research is

under way. One of the major programmes is in the nuclear field. Nuclear

power will cover 30% of total energy generation by the end of 1992, a total

of 23000MW(e). The first two plants under construction are the Bushehr

Nuclear Power Plants, situated on the Persian Gulf in Bushehr Province South

Iran. They comprise a total a 2400 MW(e) output.
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Two more nuclear power plants will go under construction in the very near

future. rhey are situated on the Karun river in the province of Khuzestan.

The total capacity of these two nuclear power plants is 1800 MW(e) output.

A closer look at the increase in the electricity requirements for the

same period will give a deeper insight into the extensive future planning

needed to meet these power requirements(2) (Table 1 ). This Table shows

present figures as well as future forecasts and private sectors. Fig. I shows

the distribution of power status across the Country. At the present Iran

not only requires huge blocks of electrical power to be installed, but also a

tremendous amount of fresh water to meet its future demands.

Regarding the water situation, the geographical location of Iran (Fig. 2).

is such that there is considerable climatic variation in different provinces.

From the figure it is evident that there are three different zones.

a) The area with sufficient water from existing water sources and/or

rainfall, such as the North of Iran by the Caspian Sea and the rainbelt of the

Alborz Range which has heavy rainfall.

b) Semi-arid areas, such as in the south of Iran all along the Persian

Gulf, with low rainfall, characterized by high temperature and humidity.

TABLE 1

Electricity Electricity

Year requirement generation

(MW) (MW)

1972 2094

1973 2441 

1974 3217 3039*

1975 4234 3316*

_976 5580 3879*

1977 7494 4814

1982 22304 16951

1387 46272 37316

1992 71858 67019

* Figures are based on 1975 and 1976 statistics, Ministry of Energy of Iran.
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c) Arld areas in the central and eastern parts of Iran which are without

water.

The water available in areas b) and c) is highly unpredictable, both in

time and amount.

WATER RESOURCES

Water resources in Iran may be categorized as follows(3):

1- Underground resources

The underground water potential in the areas so far studied is

20,428 x 106 cubic meters.

2- Rainfall

The average annual rainfall is 25 to 30 cm - much less than the earth

average annual rainfall (approximately 86 cm).

3- Dams

The historical background of Irans dams is shown in Fig. 3.

All the sources mentioned above are related to natural sources of fresh

water. It is evident that these do not meet all local requirements. In many

cases they are inadequate and only postpone an urgent need for water for a

short time. Certain regions, the so-called arid zones, have practically no

fresh water.

Semi-arid zones have little ground water and infrequent and irregular rain-

falls. They suffer from permanent lack of water, thus excluding any appre-

ciable development.

The scarcity of fresh water in most parts of Iran represents a major

problem for future industrial and agricultural water planning. It is evident

that with the rapid development of industry in Iran, particularly in semi-arid

areas the south will become the main water consumer. There are also major

plans for improvments in agriculture field, which will require tremendous

amounts of water. Unfortunately there are not enough data available on in-

dustrial and agricultural water usage.

Growth in population is also responsible for a rapid and pressing increase

in the need'for fresh water. Fig. 4 shows the population growth in Iran. This

is expected to increase at the same rate in the future.
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The mentioned water resources cannot be used in semi-arid area because of

costly transportation. Consequently, Iran is daily becoming more and more

aware of its shortage of fresh water due to population growth and rapid indus-

trialization, specifically the major plans for industralization in south Iran.

As a result of rising living standards, the per capita consumption of water

is also increased. The present per capita water consumption is 100 litre/day

and it is estimated that tn 1986 the figure will be 200 litre /day, reaching

335 litre /day in 1996.

To summarize, the rapid increase in demand for fresh water in Iran is due

to population growth and improved technology.

3. Desalination plants

In order to obtain the cheapest possible fresh water, all possible solutions

to problems raised by the increase in demand for water, have been considered.

One of these approaches is the use of desalination plants to convert useless

sea or brackish water to water of good quality. Only six processes have been
(4)

used for large capacity fresh water production.

1- Multi-stage flash evaporation (MSF)

2- Multi-effect distillation (MED)

3- Reverse osmosis

4- Electrodialysis

5- Vapour compression distillation

6- Freezing

Among the above processes, the flash evaporation technique presents the

best potential, as regards both technological possibilities and scale.

This technique is the only one which has successfully, reached, a com-

mercial stage on a large scale.

Since the desalination process is an irreversible processes, fron the

thermodynamic point of view it is of no importance where the electricity and

heat required by desalination plants come from. Low-pressure steam is requir-

ed as a heat source for evaporators. Steam can be supplied by either conven-

tional power plant or nuclear power plant provided the cost is low enough to

be acceptable.Most investigations have shown that large dual-purpose plants

are essential to be more economical for producing fresh water (). If heat

produced by nuclear power is cheap enough, this heat source may be used as low

cost heat for desalination plant.
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TABLE 2 Present Desalination Plants in Iran 3

No. of Units

1
3
2
1
1
1
1
2
1
1
1

1
1
1
2
3
2

5
2
2
2
6
2
2
2
2
1
4
4
2
1
2
8
1

Total
Capacity m /d

325
500
1130
600

1130
4540
380
250
215
570
760

Site

Abadan
Kashan
Kharg Island
Imam Hassan
Kharg Island
Kharg Island
Abadan
Tehran
Ahwaz
Bid Boland
Main Khu

760
380
900
380
900
380

1000
415
1130
260
1500
5000
500
500
100
150

8000
1000
500
570
520

4000
380

IMFG
Kharg Island
Kharg Island
Lavan Island
Persian Gulf
Bandar-e-Lengeh

Persian Gulf
Bandar-Abbas
Kharg Island
Lavan Island
Persian Gulf
Bandar-Abbas
Persian Gulf
Persian Gulf
Persian Gulf
Persian Gulf
Persian Gulf
Persian Gulf
Persian Gulf
Tehran
Hormoz
Bandar-e-Bushehr
Lavan Island

Process

Distillation
t,

MSF
11

MSF
II

Distillation
It

Electrodia-
lysis

MSF
,.

Compression
Electrodia-
lysis
Compression
MSF
,t

Compression
MSF
Compression

I.

It

I!

Distillation
Compression

91

Osmosis
MSF
MSF

Water Use

Industry
et

Municipal

Industry
Private
Industry

11

Municipal

Iw

Industry

Military
Industry

Military
11

Industry
11

Military
Industry
Military

I!

Industry
Municipal
Military

Industry
Municipal

o.

Year Comm

1951
1959
1960
1963
1966

1967

1968

1969

1970

1972

1973

1974

1975

It has been shown that coupling large capacity desalination plants with

nuclear reactors with more than 1000 MWt Reactor thermal output can produce

the cheapest fresh water among all processes and techniques.(l)

Finally, the only commercially successful desalting process, on a large scale,

is MSF. When a large MSF desalination plant is coupled with a nuclear power

plant of high thermal output, the cost of water produced will be low enough to

be of interest when compared with other processes.
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4. IRAN DESALINATION PLANTS

Studies have been performed to estimate the potential water demands and re-

quirements for desalination plants for various locations in Iran by different

Governmental Organizations.

The Iranian Navy has been involved in some small desalination projects,

Table 2 shows some of the desalination plants already in operation in few

islands of the Persian Gulf, and Table 3 shows some major plants under

construction or future projects for desalting sea water and brackish water

for municipal as well as agricultural and industrial use.

Particularlyin the case of south of Iran there are two points that makes

nuclear desalination attractive :

1) Most industrialization project sites under way are close to the sea

aiid generally rei.iote fror. other fresh water supply sources.

2) The need for water and energy at the same time and the consideration

that fossil fuel will, in not very far future, be exhausted.

The requirement of fresh water in an area where the largest nuclear power

Plants in the world will be in operation, is evident. To overcome this

situation, the Atomic Energy Organization of Iran has studied this problem and

has decided to construct two 100,000 m3/day desalination plants to be coupled

with the nuclear power plants presently under construction.

5. COUPLING OF A DESALINATION PLANT WITH A NUCLEAR POWER PLANT

Thermodynamic analysis of single purpose desalination and nuclear power plants

regarding the efficiency of each plant with respect to a dual purpose plant

shows the effectiveness of the dual purpose principle over the common arrange-

ments of single purpose desalination and nuclear power plants. According to

J.E. Jones Jr. et al( ) with single-purpose plants of 1000 MW(e) and 1,135,

500t/d capacities there will be 5000 MW(t) waste heat, while for a dual-

purpose producing the same electrical and water quantities the waste will be

reduced to 3000 MW(e), saving of 2000 MW(t) in heat form.

A fundamental parameter of the dual purpose plants, which has to be

analysed in their design is the ratio of water to power output. Most designs

today deal with water to power ratios in the range of 3 to 80 litre/kWh but

future large scale dual purpose plants are expected to produce ratios of 15

to 80 litre/kWh. This ratio also determines the degree of interdependence

of the two plants.

From economic consideration the concept of coupling a desalination plant

with a nuclear power plant is not very old. Its prime purpose is to reduce

energy loss and to share the capital cost. For example, often it is possible
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TABLE 3

Some Major Desalination Projects Under Design or Construction

1- Chah-Bahar Desalination Plant Under Construction

2 MSF 20,000 m3/d to 30,000 m3/d each (depending on type of chemical

treatment employed).

1 MSF same size as above (provisional).

Plus 50 MW power production and 50% provisional.

2- Zahedan

One 8300 m3/d Reverse Osmosis Expandable to 16000 m /d.

3- Khash

One 4950 m /d Reverse Osmosis Plant.

4- Kish Island

One 10,000 m3/d Multi-effect distillation.

5- Bandar Abbas

Two 2460 m3/d to be commissioned in 1977.

to use the same suction/discharge facilities for the two plants, have common

chlorination, pumphouse, and mechanical cleaning facilities, and use the

same construction and camping equipment for both plants.

Some feasibility studies have been done in this respect (6 ) and a few small

desalination plants have already been coupled to nuclear power plants (e.g.

Surry 1 and 2 in USA with 685 m 3/d fresh water capacity and Dungeness B in

Britain with 2700 m /d) primarily to provide the demineralized water required

for the power plants.

Large steam-consuming installations coupled with nuclear reactors are under

development but have not yet been manufactured or put in operation. Examples

are MIDLAND I in the United States (process steam) on Lake Michigan BOLSA

ISLAND in California (for desalting) and GOSGEN-DANIKEN in Switzerland

(process steam).(5) Besides these plants there are a few dual purpose installa-

tions under design, mainly in the United States and Israel. A dual-purpose

58



desalination plant presently known to be operating is the USSR plant

SHEVCHENKO (350 MWe located northwest of the Caspian Sea) for which hardly

any data is available 7 . The dual-purpose project in Iran may be added to

the list of projects which are in the design and the design review stage.

Extensive studies have been performed on various types of desalination

processes. So far, the most popular and the most widely used process has

been the multistage flash distillation process with brine recirculation, the

principle of which has been studied in detail during the last three decades.

The fact that the MSF principle is fairly well proven probably gives much

more weight to this process for most developing countries with arid zones.

A glance at most of the plants designed and installed in the Persian Gulf area

is an indication of this fact.

Some work has been done to apply the dual purpose principle to other types

of reactors such as Gas-Cooled Reactors, but they have not yet been utilized,

probably because these other types of reactors are mainly built in European

countries where fewer water problems exist.

Coupling Methods

In recent studies much more stress has been placed upon the effect of various

coupling arrangements, and the problems associated with each type of coupling

are being closely investigated. Coupling arrangements can generall) be put

into three different categories :

1- Steam extraction from main steam header.

2- Steam extraction from cross-over to LP turbine.

3- Steam extraction from LP turbine.

Each of the above alternatives has its own advantages and disadvantages

and will be briefly discussed.

Alternative 1- Steam extraction from main steam header

In this case steam is extracted directly from the steam generator before

entering the main high pressure turbine. The extracted steam is then fed to

either s',1 il hlih-pressure turbine, alternative 1 (a), (Fig. 5) or a pressure

reduction station, alternative 1 (b), (Fig .6) before being directed into a

back-pressure turbine. The steam thus produces additional electrical output

while being reduced in pressure for utilization in the desalination plant.

In the above case, the extraction of steam means reducing the quality of

steam fed to the main high pressure turbine, which would mean less electrical

output from the main generator. However, the part of steam that has been
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exrtracted would in turn produce some electricity so that same electrical

output may be compensated (main turbine plus back-pressure turbine) for the

some total steam production, and furthermore the main turbine generator load

is fairly independent of the extraction pressure.

One of the problems with the above arrangement, apart from the added

complexity and cost, is the possible difficulty that could be encountered in

connecting the two completely different generators to the grid. Another more

important problem is the existence of the back-pressure turbine in the above

design. These turbines, though of great value in dual purpose plants, impose

a practical problem in the sense that they are not manufactured. It is

expected that they will not be on the international market in different sizes

for the next 10 years. Because these turbines will have limited use it does

not seem economical for the manufacturers to spend large sums of money on

their development. Adding a back-pressure turbine, also increases, the cost

of maintenance and plant spare parts as a whole.

The reason that back-pressure turbines have been considered for dual-

propose plants is because in using steam for the multistage flush evaporators,

a steam temperature of around 1300C is required to bring the brine temperature

to 120 0C the maximum brine temperature for the distillation processes. This

steam temperature c6rresponds to a steam pressure of 2 to 3 bars which would

be the exhaust steam pressure from the back-pressure turbine. Common steam

turbines presently manufactured and used in power plants are usually designed

so that they reduce the pressure of steam from 70 bars to 10 bars

(high pressure turbine), or from 10 bars to subatomospheric pressure (low

pressure turbine). In this way, to have a back-pressure of 2 to 3 bars a new

design will be required to implement the conditions prevailing in a dual

purpose plant.

When a pressure reducing station is used instead of the secondary small

high-pressure turbine, (alternative l(b)-Fig 6), there will be some extra

energy loss due to the expansion of steam in the pressure reducing station.

The total energy output of the system will therefore be less than in the

previous case.

Alternative 2. Steam extraction from cross-over to LP turbine

In this case the required steam is extracted from a point on the cross-over

of high pressure turbine to low pressure turbine. This steam is then fed in

to a back pressure turbine, which in turn supplies steam for the desalination

plant, while giving some electrical output (Fig 7). It is possible to
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simplify the system and reduce the capital cost by replacing the back pressure

turbine above with a pressure reducing station with a resulting decrease in

the overall electrical generator power.

Generally, only steam extraction before superheating considered, since

superheated steam is not necessary for the desalination plant heating.

However, because the steam at the HP turbine exhaust is wet, a simple mechani-

cal separator is usually added to the design.

Alternative 3. Steam extraction from LP turbine

In this case, steam is extracted from the low pressure turbine(Fig 8) and,

depending on the extraction point, the steam pressure may not be adequate

for the MSF distillation process. This alternative, however, has been used

quite successfully in another process known as Multi-effect Distillation

(MED).

The Israelis with design assistance from American experts, have recently

presented a plant operatingon the MED principle. They state that their plant

has a lower energy cost than a similar MSF plant due to the lower temperature
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required for their evaporators, and that because of this lower temperature

less problems of scaling and corrosion will occur. The construction of a

pilot plant of 4000 m /d capacity was completed in 1974 and a large plant

of 44000 m3/d is under design.

Although the arrangements of the MED process seem to have some cost

benefits, it cannot be considered a proven design at present due to the very

limited number of plants and operating hours on record.

Table 4 shows a numerical example for the main, back pressure, and total

generator output for the various alternatives described, considering a

typically large nuclear power plant coupled with a desalination plant producing

189,000 m /day of fresh water 5).

Table 4

Main Turbine Back Pressure Total
Generator Turbine Available
Power Generator Power
MW(e) Power MW (e) MW(e)

Alternative 1 (a) 1013 101 1114
**

" 1 (b) 1013 67 1080

2 1067 49 1116

3 1116 1116
.

* With aux. HP turbine.

** With Press. Reducing station.

Although the basic technology for the various components for coupling a

nuclear plant with a desalination plant is reasonably well developed, the

technique of coupling the elements together into a reliable, economical system

that will satisfy the diverse operating requirements is not well estabilished.

6. AEOI Desalination Plants

General description

The desalination plants presently being considered by AEOI comprise two

desalting units of 100,000 m /d capacity, each to be coupled to the Bushehr
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Nuclear Power Plants.

The location of the desalination plants is on the northeast side of the

two power plants and common chlorination facilities and discharge structures

are provided. The process chosen for desalination is MSF distillation.

The MSF process has been chosen because it is so far the only commerical-

ly proven successful system of desalination. Among distilling processes, MSF

covers 70% of the world's fresh water production (8 ). The size of the evaporator

units to be installed is not yet finalized but unit sizes of 20,000 m3/d.

and 33,000 mJd are being considered. The present tendency is more towards

25,000 m3/d units. This size is optimum without representing a significant

increase over units already in operation.

Table 5 shows some of the larger MSF plants presently in operation,

together with some plants under construction, for comparison with the AEOI

proposed plants.

TABLE 5

Capacity m3/day

Key West, Florida

Libya, Tripoli

Ghubrah, Sultanate of Oman

Qatar, Doha

Rosarita Beach, Mexico

Wakrah, Qatar

Porto Torros, Italy

Qatar, Ras Abu Fontane

Abu Dahabi

S. Shuaiba, Kuwait

Lok On Pai, Hong Kong

Proposed A.E.O.I. Plant

Plant

9,690

11,250

18,200

22,800

27,250

36,400

52,000

72,000

81,000

112,500

180,000

200,000

Unit

9,690

11,250

18,200

11,400

13,880

18,200

36,000

18,000

27,000

22,500

30,000

25,000

It must be mentioned that the desalination plant design is not yet finalized

and the figures which will be quoted regarding its effect on the nuclear power

plant are provisional.
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Coupling description

Fig 9 shows the arrangement considered for the coupling of the desalination

plants with the nuclear power plants. Steam is extracted from the cross-over

of the H.P. to L.P. turbine and led to a heat exchanger to heat up a hot water

system (isolated loop). This hot water loop in turn supplies heat to the brine

heaters. The pressure of this hot water loop is kept at a pre-selected value

which is higher than both the steam pressure and the pressure of the brine in

the desalination plant. Due to this pressure difference even in the case of

any radioactive leakage from steam generators no brine or radioactivity can

enter the hot water system. The hot water loop, therefore, acts as an ad-

ditional safety barrier.

The power output of each nuclear power plant will be reduced by 53MW(e)
3

due to the extraction of steam required for each 100,000 m/d desalination

plant assuming 80% power factor. Furthermore an additional 18MW(e) is re-

quired for the internal consumption of the desalination plant making the total

power reduction of the nuclear power plant equal to 70MW(e). Figs 9,10 and

11 show the heat and energy balance of the dual purpose nuclear and desalina-

tion plant. In this coupling 10% of the normal mass flow of L.P. turbine has

been extracted.

Table 6 outlines the characteristics of the power plant with and without a
3

desalination plant of 100,000 m/d capacity.

TABLE 6

POWER FACTOR 60% 80% 100%

Thenrml Power of Reactor MW(t) 2259 3012 3765

Generator Power (Gross) without

Desalination. MW(e) 737 1013 1293

Generator Power (Gross) with

Desalination. MW(e) 685 960 1241

Extracted Steam Flowrate. t/h 483 497 509

Generator Exhaust Press. Bar 069 080 095

Electricity Reduction MW(e) 52 53 52

Electricity Reduction Percent 7.06% 5.23% 4.02%

Water to Power Ratio litre/kWh 6.0 4.1 3.1

70



Another point of concern for dual purpose plants is the degree of interdep-

endency of the two plants. It is required that the influence that the nuclear

power plant and the desalination plant have on one another shall be as slight

as possible. With reference to above, the hot water loop discussed has the

advantage of having a large heating capacity, so chat the dynamic behaviour

of the nuclear power plant and the desalination plant are not so tightly inter-

connected. Quick changes in one plant, therefore, do not effect the other

plant too much and can easily be controlled.

For optimum system flexibility and interchangability the following iro-

visions are planned:

1) Connection for live steam through a pressure reducing station is to

be provided.

2) The two power plants and two desalination plants are to be cross-

connected.

3) One oil-fired auxiliary hot water boiler is to be provided for each

100, 000 m /d desalination plant as a stand-by. These boilers will be in

operation during the outage time of the reactors.

To sum up, the selected solution is the best as regards safety, simplicity

of operation and operational reliability.

7. CONCLUSION

Rapid increase in fresh water consumption caused by the rising standard

of living, growth in polulation , and industrialization of the country

is of primary concern to Iran. Natural water resources are strained. Iran is

daily becoming more and more aware of its shortage of fresh water. Existing

resources can no longer satisfy the growth in demand. For this reason Iran is

seeking an alternative water supply.

In the south of Iran , where industralization is speeding up and two of the

largest nuclear power plants in the world are under construction, the shortage

of fresh water is very apparent and nearly critical. The Atomic Energy Organiza-

tion of Iran has studied future water demands and the different sources of

supply and has decided to construct two 100, 000 m3/d sea water desalination

plants and couple them with the nuclear power plants to obtain fresh water at

an economical price.

Finally, the desalination program in Iran is a national program. The

general feeling is that the water has no commercial value, and that the

economic assessment of the project is of secondary importance. However, sea
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water desalination by the evaporation process requires the same technology as

the thermal power stations as far as thermodynamics, process engineering,

hydrodynamics, material performance, dynamics and automatic control tectnology

are concerned. It should therefore be realized that transfer of technology in

the field of desalination as well as other supporting technologies, will in

the long term give real economic value to the program.

8. REFERENCES

1- Technical Report Series No 24. Desalination of Water using connventional

and Nuclear Energy. I.A.EA. 1964.

2- A Long Range Energy Plan for Iran: the Imperial Government of Iran,

Ministry of Energy, Jan. 1977.

3- Imperial Government of Iran, "Plan and Budget Organization Centre for

National Spatial Planning" Water ResourcesMay 1976.

4- Principle of Desalination by K.S. Spiegler 1966.

5- Coupling Technology for Dual-Purpose Nuclear-Desalting Plants by :

J.E. Jones Jr, T.D. Anderson and S.A. Reed, 1964.

6- Nuclear Power and Environment I.A.E.A, Vienna, 1973.

7- Technical Report Series No. 51 Nuclear Energy for Water desalination

I.A.E.A., Vienna 1966.

8- Combined Fresh Water Production and Electric Power Plant fed by a Pres-

surized Water Reactor (PWR); Lecture Delivered on the Occasion of Tehran

Fair, May 1975, by : A. Weiss.

72



APPLICATION AU DESSALEMENT DU REACTEUR THERMOS
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ENGLISH ABSTRACT

DESALINATION APPLICATIONS OF THERMOS

I - INTRODUCTION

TECHNICATOME which is a subsidiary of the French Atomic Energy Commission is

currently developing two types of light water power reactor. In the present

paper, the applications of CAS (advanced series NSSS) type reactors to

desalination are recalled. A more detailed description is then given of the

desalination applications of the purely heat generating reactor, THERMIOS.

The CAS 3 G (Chaudiere Avancee de Serie) reactor has 3 steam generators,

produces 420 MWth and is well suited to dual purpose electricity/heat generation

applications. This reactor is fabricated by ALSTHOM-ATLANTIQUE under CEA

license (ref. 1.2.3.4.5.).

Some examples of desalination with this type of reactor are given in table I.

Freshwater production of 50,000 m3/D ( II MGD ) and IOO,OOO m3/D (22 MGD)

can be acheived.

2 - DESIGN CHARACTERISTICS OF THERMOS

THERMOS (rated power IOO MW) is designed to produce hot water (I20°C) for

district heating networks (ref. 6.7.). The economic performance and safety

characteristics of this reactor enable it to be adopted to freshwater

production applications.
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3 - DESCRIPTION OF THERMOS (see fig. 2)

The core (uranium oxide plate assemblies) of this reactor is contained

in a stainless steel vessel (I). The primary cooling circuit consists of

4 loops, each being provided with a pump and an exchanger (I3)(fig. 3).

An intermediate circuit (9) extracts heat from the primary circuit. This

heat is then transferred to the heat exchangers of the desalination plant.

These exchangers are equivalent to the secondary exchangers (14) (fig. 2).

Primary circuit pressurization (8,5 bars at the core outlet) and the

evacuation of residual power from the reactor are assured by an ancillary

circuit. A special circuit (12) dissipates the residual heat into the

atmosphere.

The core is immersed in a pool' (2) of water (35°C). This pool facilitates

the handling and storage of fuel elements. It can also fulfill a passive

emergency cooling function (cooling the vessel by conduction)in the case

of the loss of external cold sources.

Auxiliary rooms, including the reactor control room (5) surround the

reactor hall. An anti-missile building surrounds these rooms and the

reactor hall protecting them from external aggressions. Annex buildings

containing classical ancillary equipment surround this anti-missile

building.

A summary of the reactors characteristics is found in table 2.

The safety options adopted for THERMOS (absence of radioactive release,

multiple barriers, passive emergency cooling system) favor its implantation

in the vicinity of urban districts.

4 - COUPLING OF THERMOS TO DESALINATION PLANTS

A standard THERMOS type reactor can be used for both Multi-Stage Flash

(MSF) and Multiple Effect (VTE or HTME) distillation desalination processes.

The characteristics shown in table 3 (twin line - Multi Stage Flash Processes)

represent the optimum coupling (from the economics point of view) of the
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reactor to a desalination plant. The reactor's rated power is IOO MW. In

reality, the fouling problems limit this power to 80 MW in the beginning

of the cycle.

A freshwater production of 40,000 m3/D (8.8 MGD) can be obtained with the

single purpose installation shown in figure 4 § 5. The electrical requirements

of the installation are met either by drawing power from the grid or by using

local electricity generating units. A turbine which would operate at low

temperature is currenthy being studied.

5 - ECONOMICS OF THE THERMOS - MSF INSTALLATION -

The investment required for a turnkey installation is given, cost increases

imposed by an overseas construction being taken into consideration. The

various problems involved have been studied : engineering studies, safety

studies, first loading, etc.... The desalination unit includes evaporators,

sea water intake, storage, rendering water drinkable ...

Three discount rates are considered : 4%, 7% and IO% corresponding to an

installation with a 20 year lifetime.

Water cost is represented as a function of production in fig. 6. Fig. 7

shows the influence of the variation in discount rate on costs for a

freshwater production of 40,000 m3/D (8.8 MGD).

The cost per m3 increases from $ I to $ 1.35 for a change in discount rate

from 4% to IO%. This extreme sensitivity is due to the heawy weighting

associated with the investment. As is seen in fig. 8 this investment

represents 50% of the total cost.

Also seen in this figure is the estimated cost corresponding to a reactor

power of 200 MW.

In this way a 80,000 m3/D (17.6 MGD) production could be obtained at a cost

of approximately $ I/m3, with a IO% discount rate and a 25 year lifetime.

6 - CONCLUSION

CAS reactors should be used when electrical power generation can be valorized.
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THERMOS provides an original solution to the desalination problem. With this

reactor, a medium sized town could be provided with freshwater at a reasonable

cost. In addition, the special characteristics of this reactor (safe design

features, ease of operation) offer an excellent good starting point for

countries about to exploit nuclear energy.

APPLICATION AU DESSALEMENT DU REACTEUR THERMOS

I - INTRODUCTION

Le Commissariat a l'Energie Atomique developpe, en liaison etroite avec

sa filiale TECHNICATOME, deux lignes de rdacteurs susceptibles d'alimenter

en chaleur des usines de dessalement :

1.1 - Des reacteurs a eau pressurisee de petite puissance : les CAS

(chaufferies avancees de serie) (fig.l) ont fait l'objet de nombreuses

publications, et sont commercialisees par ALSTHOM-ATLANTIQUE,

sous licence du C.E.A. - (Ref.1.2.3.4.5). Rappelons seulement

que le modele de refdrence est la CAS 3 G d'une puissance ther-

mique de 420 MW, dont les productions d'electricite et d'eau

douce peuvent etre adaptees aux besoins dans une assez large

plage de variation.

Le tableau suivant presente quelques exemples de production qui

dependent du ratio de l'usine de dessalement :

- TABLEAU 1 -

Production R A T I 0

8 110 1 12

50.000 m3/j. 79 MW 83 MW 88 MW

100.000m3/j. 41 MW 53 MW 61 MW
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L'optimisation economique et le meilleur choix des parametres dependent

des conditions locales (puissance du reseau etc...).

1.2 - Des reacteurs a eau de type piscine d'une puissance de l'ordre de 100 MW

Ces reacteurs ont ete primitivement consus pour alimenter en chaleur

les reseaux de chauffage urbain (Ref.6.7). Mais les caracteristiques de

ces reacteurs leur permettent aussi de satisfaire certains besoins

industriels, leur couplage a des usines de dessalement est particulie-

rement etudie. Les premiers resultats des etudes en cours font l'objet

de la presente communication.

2 - IDEES DIRECTRICES DU REACTEUR THERMOS

Un reacteur de chauffage doit etre economique, il faut pour cela qu'il

reunisse diverses conditions, notamment :

- cout d'investissement peu eleve,

- exploitation suffisamment simple pour etre realisable par une equipe peu

nombreuse.

De plus, un tel reacteur doit etre acceptable en site urbain, ce qui implique

les conditions suivantes :

- fonctionnement n'entrainant qu'une tres faible quantite d'effluents

tous stockables aisement sur le site,

- grande fiabilite,

- tres haut degre de surete, realise essentiellement de maniere intrinsfque

c'est a dire passive.

Ces conditions ne peuvent etre satisfaites que par une conception de rdacteur

qui differe sensiblement de celle des PWR, en tirant au maximum parti de

l'abaissement des niveaux de temperature, rendu possible par les exigences

moderees de la demande qui se suffit de chaleur & 120°C (parfois meme a 100°C).

Les niveaux de temperature et de pression du circuit primaire (140° C et 10 bar:

maximum) permettent l'emploi d'une technologie eprouvee depuis de longues

annees dans les reacteurs experimentaux de type piscine et qui a fait la

preuve de sa fiabilite.

Toutes les qualites exigees du reacteur de chauffage urbain facilitent

son emploi comme producteur de chaleur pour une usine de dessalement.
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3 - DESCRIPTION DU REACTEUR THERMOS.

Dans sa version actuelle, le reacteur THERMOS permet de

livrer a l'utilisateur de l'eau pouvant atteindre 120 °C.

La fig. 2 ci-jointe indique les principaux elements du

reacteur :

La cuve (I) du reacteur contient le coeur et le circuit

primaire integre.

Le coeur est constitue d'assemblages a plaques : le

combustible est l'oxyde d'uranium legerement enrichi gaine par

du Zircaloy. La commande du reacteur est assuree par des croix

manoeuvrees depuis la partie basse du reacteur.

Le refroidissement du coeur est assure par l'eau legere,

le circuit primaire est integre dans une cuve (I) en acier

inoxydable (voir fig. 3), d'environ 5 m de diametre et 9 m de

hauteur. Le circuit primaire est maintenu sous pression (pression

de l'ordre de IO bars) par un systeme de pompes de charge associees

a un accumulateur integre a la cuve. La temperature de sortie

coeur est de l'ordre de 140 °C. Le circuit est constitue de 4

boucles comportant chacune une pompe et un echangeur (13). La

chaleur produite est extraite par un circuit intermediaire (9)

qui relie les echangeurs primaires (13), du type a epingles, aux

echangeurs de tete de l'usine de dessalement ,equivalents des

echangeurs (14) representes sur la fig. 2, representant l'adaptation

du reacteur a un reseau de chauffage urbain (IO) 

La quasi-totalite de la puissance du reacteur est evacuee par

la boucle intermediaire, munie de vannes de sectionnement a la

traversee du mur d'enceinte du hall-pile (3). Les circuits auxiliaires

sont refroidis par un circuit d'eau special, refriger6 par l'atmos-

phere (I2).

La cuve est surmontee d'une piscine (2) d'eau a 35 °C environ.

Le calorifuge de la partie superieure de la cuve est adapte de

telle sorte que celle-ci evacue par conduction, puis convection

naturelle dans la piscine, une quantite de chaleur suffisante pour

assurer le bon refroidissement du coeur apres arret, en toutes
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circonstances La piscine joue ainsi, de maniere passive, le r5le

de circuit de refroidissement de secours et ceci pendant un delai

de plusieurs jours. De plus, cette piscine permet la manutention

et le stockage des elements combustibles uses (I5).

La piscine est montee dans un bltiment en beton, de forme

cylindrique, enterre aux deux tiers de sa hauteur. Le hall-pile(3)

qui surmonte la piscine, permet de realiser les operations de

chargement et de maintenance. Son acces est interdit lorsque le

reacteur est en fonctionnement.

Le hall-pile est recouvert et entoure d'un batiment cylindrique

avec coupole (8) qui protege le reacteur et ses auxiliaires des

agressions externes, notamment des chutes d'avions. Entre le hall-

pile et la coupole sont ainsi disposes les composants jouant un

rble important pour le fonctionnement du reacteur : salle de com-

mande (5), salle de relayage, batterie de secours, circuits d'eau

auxiliaires, ventilation de recyclage de l'air du hall-pile.

Les locaux

contiennent les

les circuits de

Le tableau

reacteur.

periphdriques, non proteges des agressions lourdes,

alimentations electriques normales, les diesels,

ventilation (soufflage et extraction), etc...

2 regroupe les caracteristiques type du

(*) Lorsque le site exige qu'on prenne en compte un tel accident.
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TABLEAU 2

CARACTERISTIQUES DU REACTEUR THERMOS

Puissance nominale ..........................

Combustible .................................

Enrichissement ..............................

Temperature entree coeur ....................

" sortie coeur ....................

Debit coeur .............................

Pression service primaire ...................

Nombre pompes primaires .....................

Nombre 6changeurs primaires .................

Nombre boucles intermediaires ...............

Pression circuit intermediaire .............

Dimensions :

Diametre interieur enceinte reacteur ........

" exterieur dome anti-missile ........

Volume primaire (d 5,5 m - H 9 m) ...........

Volume piscine (0 10,8 m - H 8,5 m) .........

I00 MW

plaques U02
gainage Zircaloy

3 - 47.

130 °C

139 °C

2.600 kg/s.

8,5bars absolus
sortie coeur

4

4

2

IO bars absolus

I3,5 m

26,5 m

I50 m3

800 m3

Les options de slrete essentielles du reacteur sont les

suivantes :

Existence de trois barrieres au moins entre les produits

dangereux (combustible) et le milieu ext4rieur (atmosphere,

nappe phreatique) ou l'utilisateur (reseau de chauffage ou

evaporateur de l'usine de dessalement)
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Dispositions pour emp&cher la fuite des produits dangereux :

circuit intermediaire en surpression, etagement des pressions

atmospheriques dans les differentes enceintes, recuperation

des fuites.

. Absence de rejet en fonctionnement normal.

. Protection du reacteur et des auxiliaires nucleaires contre

les agressions externes.

. SOrete passive : en cas de perte des sources froides externes,

le reacteur est ramene a l'arret sur par des dispositifs de

refroidissement passifs (ne necessitant aucune source d'energie)

4 - COUPLAGE DE THERMOS A UNE UNITE DE DESSALEMENT

Deux procedes peuvent s'adapter A l'alimentation par un reacteur

THERMOS : le procede Flash ou le procede Multiple Effet, dans chacun

des cas, le reacteur a des caracteristiques standardsadaptables a

l'un ou l'autre des procedes. Cependant, on n'a retenu dans la presente

etude que le seul procede Flash, en raison de son importance actuelle

sur le marche du dessalement

L'unit6 de dessalement peut etre, dans une premiere approche,

caracterisee par les parametres suivants :

- le nombre de lignes

- la capacite de chacune d'entre elles

- le ratio (masse d'eau douce produite/energie consommee

exprimee en masse equivalente de vapeur).

- La temperature de tate de l'unite (temperature maximale

de saumure) et l'ecart entre cette temperature et la

temperature de l'eau de mer (flashing range).

La puissance du reacteur etant fixee A 100 MW pour cette etude,on

recherche, pour une production donnee, les caracteristiques optimales

de l'unit6 de dessalement et des circuits principaux du reacteur,

81



etant entendu que les parametres de ces circuits peuvent varier dans

une plage limitee par les contraintes de surete et lea caracteristi-

ques generales du reacteur.

Entre 20.000 et 50.000 m3/j., pour une unite composee de 2

lignes, les caracteristiques essentielles deduites de loptimisation

economique sont donnees dans le tableau 3.Les productions superieures

a 40.000 m3/j impliquent des ratios eleves, les valeurs correspondant

A 50.000 m3/j doivent donc 8tre considerees avec prudence.

TABLEAU 3

Production
Produc n 20 000 30 000 40 000 50 000

m3/j.

Temp. branche
chaude circuit 127 I28 I28 \ .2-X
intermdia ire

Tempra ture06 2 
de tateio 6,4 9,6 2,8 

Ratio 6,4 9,6 12,8 ~~x~ '~

Les temperatures elevees qui decoulent de l'optimisation econo-

mique justifient un pre-traitement a l'acide. Toutefois, une limita-

tion a 90°C de la temperature de tate, imposee par le pre-traitement

par tartifuge, ne serait pas trop penalisante pour l'economie de

l'installation.

La figure 4 presente le schema de raccordement des circuits. On

constate que le reacteur peut fonctionner a mi-puissance avec une

seule boucle intermediaire susceptible d'alimenter une seule ligne

de dessalement.

Une chaudiere classique est prevue pour alimenter les instal-

lations en cas de defaillance du reacteur ou d'arrat programme de

celui-ci (rechargement en particulier) qui ne serait pas en phase

avec l'arrat de l'usine.

82



Sur la fig. 5 on a represente un plan masse de l'installation

pour deux lignes de 20.000 m3/j chacune ; on a fait figurer une

extension des installations permettant de doubler la capacite.

Le procede Flash impose que la source d'energie possede une

reserve de puissance pour compenser la baisse de rendement de

l'installation due a l'encrassement et maintenir ainsi une production

constante. On a donc suppose que la puissance du reacteur serait

limitee a 80 MW au debut du cycle, c'est sur cette base qu'ont et6

determines les ratios qui figurent au tableau 3.

La puissance electrique necessaire aux auxiliaires du reacteur et

de l'usine de dessalement est de l'ordre de 4 a 7 MW selon les cas.

Cette alimentation electrique peut etre assuree soit par le reseau

exterieur, soit par des groupes electrogenes propres a l'installation.

On etudie, par ailleurs, la possibility d'utilisation de turbines

fonctionnant a basse temperature - turbines a freon notancnent - qui

seraient alimentees en chaleur par le circuit intermediaire du reacteur.

On assurerait ainsi l'autonomie complete de l'installation sur le plan

energetique. Les etudes en cours necessitent, pour etre approfondies,

d'etre conduites a partir de cas concrets d'application.

5 - ECONOMIE DU COUPLAGE THERMOS - USINE FLASH.

On a calcule le cout de l'eau douce produite par une installation

THERMOS + Usine Flash en estimant le co0t des postes elementaires qui

participent au coGt global avec la meilleure precision possible.

Les conditions economiques sont celles de Janvier 1977. Trois taux

d'actualisation sont pris en compte : 4%, 7% et 10%, la duree de vie

* 50.000 m3/j correspondent A la consommation d'une ville de 50.000 habitants 

Les besoins en energie electrique d'une telle agglomeration seraient couverts

par une puissance electrique d'au moins 50 MWe. La puissance necessaire au

fonctionnement de l'installation de dessalement ne representerait donc qu'une

faible fraction de la puissance installee.
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de l'installation etant prise egale a 20 ans dans tous les cas (s).

Les coOts sont evalues en francs et dollars valeur Janvier 1977, ces

couts sont ramenes a la date du demarrage de l'installation. Les

investissements sont majores des inCerets intercalaires correspondant

au taux d'actualisation choisi.

L'installation consideree est a fin unique : la production electrique

necessaire aux auxiliaires est fournie par des groupes auxiliaires ou

par le reseau electrique.

Plusieurs productions sont considerees : de 20.000 a 50.000 m3/j.

Le facteur de charge est pris egal a 0,9 pour l'usine de dessalement,

a 0,85 pour le reacteur.

5.1. - Etablissement des investissements et des co0ts d'exploitation.

On a cherche a etablir le cout d'une installation fournie "cle en main",

on a pour cela pris en consideration l'ensemble des postes del'installation

fourniture et montage.

Investissements -

Le cout du reacteur est deduit de consultations industrielles. Les

charges et surcouts - (transport,main-d'oeuvre, assurances,...) qu'impose

une realisation en territoire etranger majorent le prix de base.

I1 en est de meme pour l'usine de dessalement : l'estimation est

deduite de l'experience des industriels frangais exportateurs de ce

type d'installation.

Tous les composants de l'installation sont pris en compte 

l'investissement reacteur inclut les etudes d'ingenierie, les etudes

et l'amenagement du site, la premiere charge, etc... L'unite de dessalement

comprend les evaporateurs mais aussi la prise d'eau en mer, les reservoirs

de stockage, le poste de potabilisation, etc...

(*) Le taux d'actualisation est identique au taux de rentabilite interne

si le coot moyen actualise calcule a partir de ce taux d'actualisation

est considere comme un prix de vente.

Ce taux de rentabilite represente le taux maximum des emprunts (exprime

en taux reel, egal au taux nominal diminue du taux d'inflation) amortis

sur la duree de vie de l'installation.

84



Frais d'exploitation. Ils ont ete estimes en tenant compte, la aussi

des surcouts propres a ce type d'installation. Les frais d'exploitation

du reacteur comprennent la main d'oeuvre, la maintenance, les assurances,

les depenses d'electricite (suppose fourni par un groupe electrogene

ou par le reseau local). Ces postes se retrouvent pour l'usine de dessale-

ment qui necessite en plus des depmnses lie.s au conditionnement de 1'eau

(polyphosphates ou acide).

Le combustible nucleaire est estime sur la base des prix pratiques

en France actuellement.

5. 2. - Resultats.

Pour chacun des taux d'actualisation, on a calcule le coGt de l'eau

produite en fonction de la capacite de l'installation.

Les resultats sont representes sur la figure 6. Au dela de 40 000 m /j,

la necessite de disposer de ratios tres eleves rend incertaines les

evaluations.

Compte tenu du poids eleve des investissements, les resultats sont

tres sensibles au taux d'actualisation pris en compte. La figure 7, sur

laquelle on a trace le cout de l'eau pour une production de 40 000 m3/j en

fonction de ce taux d'actualisation, met en evidence cette sensibilite :

entre 4 et 10 %, le cout passe de I S 1,35$ par m (a).

La figure 8 presente pour un taux d'actualisation de 10% la decomposi-

tion du cout selon les trois composants : combustible nucleaire, exploi-

tation et investissement, en fonction de la production.

On constate ainsi que ia proportion du poste investissement est sensi-

blement constante et represente plus de 50% du cout total. Cependant, a

l'interieur de ce poste investissement, les contributions respectives du

reacteur et de l'unite de dessalement sont tres variables : a 20.000 m3/j,

la part reacteur intervient pour les 3/4 du poste investissement, cette

proportion passe a la moitie a 40.000 m3/j.

(*) - Notons a ce propos que les taux de 4 et 10 7 sur 20 ans sont a peu pres

equivalents respectivement aux taux de 6 et 12% sur 25 ans.
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5.3. - Incidence d'une augmentation de puissance du reacteur.

I1 est envisage de pouvoir augmenter la puissance du reacteur sans

modifier fondamentalement la technologie. Bien que des etudes plus

approfondies soient necessaires, on peut estimer qu'une augmentation

de 100 % de la puissance est possible moyennant un surcoat modeste. Si

l'on considere l'unite de dessalement equipee toujours de deux lignes

dont la capacite est augmentee de 100% par rapport au cas precedent,

on determine le coat de l'eau entre 40.000 et 100.000 m3/j.

On constate ainsi qu'il est possible de prolonger la courbe des couts,

obtenue pour le reacteur de 100 MW, jusqu'a 80.000 m3/j au moins,

production pour laquelle le cout de l'eau produite est d'environ 1 $/m3

(taux d'actualisation:10% - duree de vie : 20 ans).

Dans ce cout, le reacteur (investissement, charges d'exploitation et

combustible) et l'usine de dessalement interviennent chacun pour la moitie.

6 - CONCLUSION.

Chacun des deux types de reacteurs presentes repond a des

besoins de nature differente en matiere de dessalement.

- Les reacteurs de la filiere CAS s'integrent dans la

ligne suivie jusqu'a present a l'aide de chaudieres

traditionnelles : production mixte electricite-eau douce.

L'interet de la solution est tributaire des besoins en

puissance electrique et s'affirme des lors que la valori-

sation de l'electricite produite est acquise.

- Le reacteur THERMOS propose une voie originale, jusqu'alors

peu exploree dans le donaine du dessalement nucleaire :

une unite a simple fin, dont la production peut varier de

20.000 m3/j. jusqu'a 100.000 m3/j.selon la puissance du

reacteur et les caracteristiques de l'unite de dessalement,

permet d'atteindre des couts de production raisonnables.

De plus, les caracteristiques propres au reacteur THERMOS :

conception, sGrete, facilite d'exploitation, constituent

un remarquable banc d'entralnement pour un pays qui

souhaiterait s'ouvrir a l'energie nucleaire.
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CONDITIONS ECONOMIQUES: 01/77

Fresh water Cout de I'eau
cost ($ /m3) douce (F/m 3 )

Taux d'actuatisation
1.8 -- 9 (duree de vie. 20ans)

Discount rate
1. 6 6- _ N f Illfe time:20 years 

1.4 - 7

-- _ 10%
1.2 - 6

7%
1 5 --. %

0.8 4-

0.6 _3

_ \ I Ii
' 20000 30000 40000 50000 Production (m 3/j)

4.4 66 8.8 11 Capacity (MGD)

FIG.6_ THERMOS FLASH.
COUT DE L'EAU EN FONCTION DE LA
PRODUCTION.

_FRESH WATER COST VS PLANT CAPACITY.

Fresh water Cout de Leau
cost ($ /m 3 ) douce ( F/m 3 )

Production: 40 000 m3/j 8.8 MGDJ

1.4 7

1.2 6

I 5

0.8 -L- '

-1
-I- I I

0 5% 10%
Taux d'actuatisation (duree de vie: 20ans)
Discount rate (life time 20 years)

FIG.7_ THERMOS_ FLASH
COUT DE L'EAU EN FONCTION DU TAUX
D'ACTUALISATION.

- FRESH WATER COST VS DISCOUNT RATE
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1.2

1
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· t I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I
12 I8 
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FIG. 8 THERMOS-FLASH
DECOMPOSITION DU COUT DE L'EAU
(actualisation 10%)

_ FRESH WATER COST PARAMETER (discount rate 10%)
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SMAL NUCLEAR REACTORS FOR DESALINATION

Prepared by K. Goldsmith and P.T.W. Arnott,
Electrowatt Engineering Services Ltd.,

Zurich and London

Abstract

Small nuclear reactors are considered to have an output of not more than
400MW thermal. Since they can produce steam at much higher conditions
than needed by the brine heater of a multi-flash desalination unit, it
may be economically advantageous to use small reactors for a dual-purpose
installation of appropriate size, producing both electricity and desalted
water, rather than for a single-purpose desalination plant only.
Different combinations of dual-purpose arrangements are possible
depending principally on the ratio of electricity to water output
required. The costs of the installation as well as of the products
are critically dependent on this ratio.

For minimum investment costs, the components of the dual-purpose install-
ation should be of a standardised design based on normal commercial power
plant practice. This then imposes some restrictions on the plant
arrangement but, on the other hand, it facilitates selection of the
components. Depending on the electricity to water ratio to be achieved,
the conventional part of the installation - essentially the turbines - will
form a combination of back-pressure and condensing machines. Each ratio
will probably lead to an optimum combination.

In the economic evaluation of this arrangement, a distinction must be
made between single-purpose and dual-purpose installations. The relation-
ship between output and unit costs of electricity and water will be different
for the two cases, but the relation can be expressed in general terms to
provide guidelines for selecting the best dimensions for the plant.

INTRODUCTION

Various methods are available for water purification but only one is at
present feasible for desalting seawater on a commercial scale; this is
the flash distillation process. The process involves essentially the
boiling of the brine and the subsequent condensation of the vapour under
partial vacuum in a number of successive stages and is generally referred
to as the multi-flash process. External heat is required for evaporation
at the rate of approximately 2750kcal per m3 of purified water, the heat
being added at slightly above boiling temperature (say 117°C) in a brine
heat exchanger. The mass of distillate produced per unit mass of steam

supplied to the desalination unit, the performance ratio, lies usually
close to 8:1 for commercial designs. It depends on a number of design
factors including the maximum brine temperature and the back-end temper-
ature (the brine temperature in the last evaporator) which in turn deter-
mine the "flashing range". This type of desalination process leaves no
scope for utilising low-grade waste heat such as is obtained from the
condenser cooling water of a conventional power turbine.
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The largest single multi-flash desalination units at present available
give an output of approximately 55,000m3 per day. The thermal input
required for such a unit is roughly of the order of 175MW thermal. If
this thermal input is to be derived from a nuclear boiler, the latter
would fall well within the description of "small reactor". Seawater
desalination might therefore present an interesting application for small
reactors for which the market for power production alone may be more
restricted. The technical and economic aspects of desalination based
on a small reactor heat supply are briefly reviewed in this report.

BASIC CONCEPTS

A small reactor is defined in the present study as a nuclear steam supply
system producing not more than 400MWth. Such systems are usually
capable of raising steam at much higher conditions than is required by
the brine heater of a desalination plant and this leaves some latitude
for utilising the excess energy contained in the steam before the
steam enters the brine heater.

In the simplest case, which is thermodynamically unattractive, the
steam conditions are brought down to those acceptable to the brine
heater by a combination of reducing valves and de-superheaters. This
particular solution is chosen only for comparison purposes since there
is obviously no point in pumping the boiler feedwater against a pressure
reducing valve, although an elevated pressure in the nuclear boiler is
desirable to ensure that it is always kept flooded and adequate water
circulation is maintained. The plant arrangement is shown schema-
tically in Figure (1). For sake of uniformity with alternative cases,
an NSSS output of 365 MWth is selected; this is adequate for producing
some llO,0OOm 3/day of desalted water with a seawater inlet temperature
of 25°C. In practice, such a steam supply system would feed two
identical desalination plants of 55,0Om3/day arranged in parallel.
The electricity requirements for running the pumps associated with the
desalination plant and for the electrical auxiliaries of the NSSS amount
to some 30MW in total and are assumed to be obtained from an outside
supply in this case.

A thermodynamically more interesting solution is to replace the reducing
valve and de-superheater arrangement by a back-pressure turbine which
exhausts into the brine heater at the required steam condition and also
supplies steam to the feed heating train associated with the nuclear
boiler, as is shown in Figure (2). The same boiler output, 365MWth, is
now adequate for producing 98,000m3/day of desalted water as well as
60MW of electricity. After meeting all auxiliary power requirements,
the net electrical output of this arrangement amounts to 32MW. The size
of backpressure turbine is fixed by the steam conditions of the nuclear
boiler and the heat requirements of the desalination plant. For a given
design, there is no latitude in changing the electrical output of the
turbine without affecting the water production in the desalination plant,
unless the turbine is by-passed by a reducing valve and de-superheating
arrangement which again is thermodynamically undesirable. The electricity
output is a true by-product of desalination and the arrangement may be
described as a single-purpose desalination plant.

Where some load cycling is required on the electrical side, an alter-
native to the preceding case is to supply part of the nuclear boiler
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steam to a condensing turbine and part to the desalination plant through
a back-pressure turbine. A typical arrangement of this type, shown in
Figure (3), gives a maximum net electrical output of 70MW after the plant
auxiliaries have been supplied. The corresponding output of desalted
water amounts to 46,000m3/day. The electricity produced by the con-
densing turbine can now be modulated in response to an external demand
without affecting the back-pressure and desalination train. Output
modulation can however only be achieved at the cost of lower thermodynamic
cycle efficiency which results from the use of the condensing turbine.
The combined plant is dual-purpose in nature, and the relationship between
the electricity and water output quantities obtainable is shown in Figure
(4). Whereas, in the second case referred to above, the electrical
output of the back-pressure turbine is a by-product of desalination,
desalination becomes virtually a by-product of electricity generation
in the present cycle. It would be possible to supply steam to the
brine heater of the desalination unit from bleed points on the
condensing turbine, but if this machine is of standard design r d is
optimised to provide steam extraction only for feed heating purposes,
it will not be able to pass out sufficient heat to the brine heater
without extensive modification. It is more convenient, therefore,
and usually much cheaper, to by-pass a small proportion of the cross-
over steam (between the HP and LP turbine) to the brine heater of the
desalination unit through a small back-pressure turbine. The output
of the condensing turbine can be adapted to external electricity
requirements without influencing the output of the desalination plant.

Summarising the three alternative solutions, we have

- In case (1), a single-purpose desalination plant
producing water only with live steam taken from
the nuclear boiler (see Figure (1)).

- In case (2), a single-purpose desalination plant
producing by-product electricity from a back-
pressure machine (see Figure (2)).

- In case (3), a dual-purpose desalination plant in
which the ratio of the electricity output to the
output of desalted water can be preselected and
varied, within fairly wide limits (see Figure (3)).

ECONOMIC EVALUATION

The performance of the conventional part of the various arrangements
described above is by now well established and well proven in practice.
Technical difficulties are encountered from time to time with the materials
of construction of the desalination unit because hot seawater, particularly
when concentrated in the brine discharge line, is an awkward substance to
handle. A number of large multi-flash desalination plants are in
operation throughout the world and the problems associated with the
materials of construction for such plants are generally solved satisfactorily.
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The merit of desalination based on a small nuclear reactor system rests
entirely on the costs of the purified water. These costs have been
computed for the three cases described on the following assumptions:

Cost of 365MWth NSSS assembly $300 per kWth

Cost of conventional and international price
desalination plants levels obtaining in

mid-1977 (see Table 1)

Levelised cost of nuclear fuel 2.75 mills/kWhth

Asset lives 25 years

Interest and discount rates 12% per annum

perating period at full output 6500 h/a

Operation and maintenance costs

Steam plant 0.23 mills/kWhth

Desalination Plant (including 9.86 cts/m 3h

chemicals)

Cost of electricity (case 1 only) 45.0 mills/kWh

The total annual investment requirements for the three cases described
are listed in Table (1) and the corresponding unit costs for electricity
and water are given in Table (2). Where both water and electricity are
produced, costs have been allocated to each output pro rata to the
energy consumed in their production.

The results show that straightforward desalination, in which none of the

investment costs can be apportioned, is the most expensive. The costs
of purified water are closely the same for the single-purpose and dual-
purpose solutions involving electricity generation. However, the costs
of electricity differ markedly between back-pressure and condensing
generation. Back-pressure generation is usually more favourable cost-

wise because the plant involved is simpler and cheaper. The difference
in the figures shown in Table (2) also brings out the economy resulting
from a larger scale of electricity production in the case of the condensing

arrangement. If in either case (2) or case (3) the electricity output

can be sold at a higher figure than the production cost, the excess revenue
thus obtained could be offset against the production cost of the water,
but it should be kept in mind that the cost of electricity in a public
power network will be somewhat greater than the production cost because
transmission, transformation and distribution expenses will have to be

added to the production cost figures to arrive at the least feasible sale
price for the electricity.

Assuming, for example, that the power system into which the electrical

output from the combined scheme is fed, is normally supplied from oil-
fired thermal generating plant, one might expect a production cost per
kWh sent into the network of the order of 45 mills/kWh. If the difference
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between this figure and the costs shown in Table (2) is credited to the
cost of water, the following figures are obtained for case (2):

Electricity credit 15.3 mills/kWh

Cost of water $1.48 per m3

Because of the effect of scale, the production cost of electricity in
case (3) is higher than the assumed purchase price, so that no electricity
credit can be achieved. Even these figures are not attractive compared
with the cost of water produced by other means. The average cost of
potable water obtained from natural sources runs at the present time at a
level of the order of $0.15-0.30 per m3. Such figures pre-suppose of
course that there are sources of natural water available, collected
either by means of surface adduction and storage or as groundwater.
If the desalination plant is supplied with steam from a fully-commercial
nuclear power plant instead of a small reactor, the water costs for a
100,OOm3/day desalination unit supplied with steam from a 960MWe nuclear
power plant would be roughly US$1 per m . These figures indicate that
the small reactor concept is not yet economically competitive with
alternative means of producing desalinated water, but the price differences
might be reduced if more economical small reactor designs should become
available. The price of water produced in this way may be acceptable in
certain circumstances where alternative means of obtaining fresh water are
not feasible.

PARAMETRIC CURVES

In combined plant arrangements of the type here dealt with, the price
obtainable for one of the outputs will influence the cost of the other
output. It is possible to relate price and cost by a set of curves
often termed "parametric curves". There is however an important difference
in this relationship, depending on whether electricity is produced as a
by-product of desalination (in what is here described as a single-purpose
plant) or whether electricity is generated in an independent condensing
turbine, with some of the HP steam abstracted for desalination (this
arrangement is here called a dual-purpose plant).

In the single-purpose case, the output of the back-pressure machine is
directly related to the heat supplied to the desalination unit and hence
to the output of that unit. The greater the heat supply the greater is
the amount of electricity generated. If a higher price can be obtained
for the by-product electricity, the excess over the net production cost can
be offset against the production cost of the desalinated water so that the
cost of the purified water falls as the price for the electricity rises.
This situation can be expressed mathematically in the following way:

Qw Cw = Ct Qe (P - Ce)

where: C = Total annual cost of the single
purpose plant

w = Annual water production quantity
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Cw = Unit cost of water produced

Qe = Annual electricity production
quantity

Pe = Unit selling price of electricity

C = Unit cost of electricity produced

In a dual-purpose arrangement supplied from a common heat source, the
steam supply to the LP cylinder of the condensing turbine is reduced
by the amount of steam abstracted for desalination. Hence the greater
the amount of heat supplied to the desalination unit the lower will be
the electricity output from the LP stage of the condensing turbine. It
may be argued that loss of output from the condensing turbine due to
steam abstraction is in effect equal to the cost of the heat supplied to
the desalination unit. The greater the value of the electricity produced
by the condensing machine, or the reduction of output suffered by this
machine, the more expensive will be the purified water. Electricity
price and water cost are thus proportional, as is brought out by the
following calculation:

w C = Cd + Ch

where: Q = Annual water production quantity

C = Unit cost of water producedw

C = Annual cost of the desalination
plant

Ch - Annual cost of heat supplied from the
power plant

Ch is a factor of the unit cost of electricity produced (C ) and the annual
water production quantity (Q ), hence:

Ch = kC Qw

where: k is a thermodynamic constant

Substituting into the above equation:

C - kC = Cd
w e -

QW

The parametric curves for the arrangements considered in cases (3) and (4)
are shown in Figure (5).
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CONCLUSIONS

The relatively high cost of small-scale nuclear steam raising plant is
reflected in the price of desalted water produced from the heat of such plant.
Only in a few special situations can this price be competitive with that of
potable water produced by alternative means. On present estimates, the price
of desalted water obtained in association with a large commercial nuclear power
station of say lOOOMWe nominal capacity can be some 35% lower than that from a
small reactor scheme, which brings out clearly the economic disadvantage
attending the small reactor concept. A breakthrough in production costs
is likely to be achieved only if there is a breakthrough in capital
investment costs.
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COMPARISON OF PARAMETRIC CURVES

Single-purpose and dual-purpose

generating and desalination plant
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SOME CONSIDERATIONS OF OPEtlTING NUCLEAR POWERED DUAL PURPOS

ELWCTrICITY/WATER INSTALLATIONS

A. T. Hooper
J. Smith

UKAEA, Atomic Energy kstablishment, Winfrith.

ABSTRACT

The problems of introdacing nuclear dal-purpose plants into electrical
and water systems which are growing but are still of moderate size are
examined to see what influence this could exert on the acceptable size of
unit, and on the mode of operation of which it should be capable. Both back-
presoure and extraction turbines in conjunction with a distillation process of
the multistage flash type are considered to see what flexibility of operation
they can offer in these circumstances, together with the rays in which heat
storage could be used to maintain high utilisation of the reactor. The ways
in which power processes may be capable of improving reactor utilisation are
referred to briefly also.

INTRODUCTION

The improvements in heat utilisation and the cost advantages which also
accrue from dual purpose operation of power and water plants have been
discussed in many papers over the years. Analyses of optimu power/water
ratios for various reactor types have been reported at 1AEA conferences on
several occasions, and a number of proposals have been made on the apportion-
ment of coats between the two products. Most of theas papers have of
necessity had to simplify the relationship between load demands for electricity
and water. Furthermore with nuclear plant the tendency has been to consider
large units to improve the economic arguments. While this is reasonable when
assessing the targets for big electrical systems in a developed country, the
initial stages of introduction of nuclear plant as an alternative to fossil
fuel units may need a different approach if reactors are to be acceptable
within a saytem which is expanding but still of limited size. This paper
makes a short examination of soae of the factors which could affect the choice
of nuclear dual purpose plant in these introductory stages, and takes as the
principal example a reactor of the LWR type associated with a multistage flash
desalination plant.

Although detailed optimisation my show some minor differences in
the water plant attached to an WL with its moderate steam conditions oopared
with one attached to a fossil plant, the cost variations are likely to be well
within the uncertainties of present estimates, and the same is true of the
differences in operating costs. Rowever, in the case of the nuclear plant,
there have been suggestions that it may be desirable to have a circuit inter-
posed between the heating steam fro the reactor turbine steam circuit, and
the distiller brine heater. Two factors appear to have led to this con-
sideration. Firstly if a failure occurred in a brine heater using reactor
steam directly under normal operating conditions, i.e., when the brine
pressure exceeds the steam pressure, chloride ingress to the steam generators
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might occur; however, a brine heater of double tube-plate design in high
quality material should be capable of reducing this risk to no more than that
from the main turbine condenser. Secondly, although this is unlikely,
differential pressure conditions may arise (for example on brine circulation
pump failure) where with a leak in the brine heater, condensed reactor steam
passes into the brine; since there can be activity in LWR steam, contamina-
tion of the plant and product, however slight, might ensue. The form which
such an intermediate circuit should take needs study and is not examined
further in this paper. There could be a significant effect on water plant
costs, and there would of course be some thermodynamic degradation because of
the extra temperature drops introduced. It seems highly desirable to
explore the monitoring and buffering techniques which might be employed to
obviate the necessity for this additional circuit.

NUCLEAR PLANT CO WPETITIVDISS

The current tendency in nuclear plant is to seek economy by making plant
of 1000 MV(e) output or more. Units of this sise producing water under
conditions for aximum utilisation of heat, i.e., with backpressure operation
of the turbines could have a minimum water output of 30,000 *3 /hr, and
produce if required 60-70,000 m3/hr. Clearly it would take a large
commnity to absorb combinations of power and water from units of this size
and type. If one considers at the other extreme an extraction-turbine system,
the lower limit - which has often been considered to be about 10 m3 /MWhr(e) -
results in power outputs around 750-800 MV(e) with accompanying water produc-
tion of 8000-7500 *3 /hr. When one reflects that the system into which one
may be trying to introduce nuclear units could be only 8-10,000 MW(e)
installed capacity, it is apparent that there are difficulties in investing so
much of the electrical capability in a single unit. On the water side, the
water output in the extraction turbine case at the lower production rates
seems an acceptable proportion of the likely demand, as some evidence from
Middle East areas suggests that a water/power demand ratio of 15-20 m3 /MWhr is
a typical figure.

On this argument then, the electrical generation aspect is the one which
exerts the biggest influence on the acceptable size of unit. The problems of
integration of units into the distribution system are discussed in succeeding
sections but it is useful here to consider the relative competitiveness of
nuclear and non-nuclear stations over a range of sizes to see what the lower
limits may be. In this comparison it is necessary to make some assumptions
about the value of conventional fuels. In the case of possible Middle East
customers, the indigenous cost of these would be so low as to render any
nuclear competitiveness impossible, but if oil is priced at its selling value
on the grounds that revenue could be increased by that amount if the oil were
not consumed internally, the picture is significantly changed.

There is always difficulty in making plant comparisons because of the
problems (among others) of estimating future fossil fuel prices, and plant
capital costs in the current fluctuating situation. To add to these, in
considering dual-purpose plants for which Middle East countries may be the
ones with the main initial interest, there is the question of costs of
installation in a developing area and in difficult climatic conditions.
At the present time no factual evidence on nuclear plant costs exist for
these areas, and on conventional plant there are significant uncertainties.
The attached Figure 1 should therefore only be regarded as a guide. It has
been derived by taking as a lower bound estimates of plant capital coats at
average Western world prices expressed at current money values and, to
allow for the fact that little dual purpose nuclear plant is likely to be
seen before 1990, oil costs estimated for that time. The upper bound puts
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an arbitrary increase of 50% on capital coats and takes a higher figure for
oil costs. The results are presented as generating costs in arbitrary units,
the purpose being to illustrate the effects of variations in costings on
breakeven load factors and to give some indication of size effects. The
main curves are drawn for single unit stations with an output of 625 NW(e)
and the cross-over points are seen to be approximately 55% for the lower
coats and 40% for the higher costs. Cross-over points are marked in for
450 and 300 KW(e) sizes and show that higher load factor values are required
as is to be expected. It is of course possible to derive many estimates of
power costs depending on the starting assumptions but it is believed that on
a comparative basis the curves are representative. For the present purpose
the significant point is that it would be desirable for lifetime load factors
not to be below 50%, and preferably about 60%, if nuclear power is to show a
sufficient margin of gain for customers to be prepared to undertake the
overall implications of entering the nuclear field.

FACTORS AFFECTING CHOICE OF UNIT SIZE

Unexpected loss of a unit in a generating system requires the remaining
units to accept the load of the failed station. With this must be coupled
the form of the load demand, allowing for both diurnal and seasonal effects,
as clearly the loss of a larger unit at lower load demand periods would be
much more embarrassing than at times of high demand. This means either that
the maximum size of unit must be constrained to be acceptable at low demand
times when at full power, or that a larger unit must be capable of operating
at reduced load. In the case of the latter the lifetime load factor condi-
tion discussed above has also to be satisfied if the economics are to be
correct.

The ratio of peak to minimum demand in the UK is about 4 to 1, and it is
interesting that in a number of systems of much smaller installed capacity in
temperate areas the ratio is very similar. In the Middle East, while
examples of a sufficiently settled nature are at present understandably hard
to find, there are cases which illustrate the power demand pattern which may
be forming. Again the maximum to minimum ratio appears to be about 4/1, but
the additional significant feature is that a low demand condition persists
for the majority of the year, the mean of which is about 40% of the maximum
demand. The minimum is a diurnal variation from this. The peak arises
during the hot season of 3-4 months, air conditioning load being the principal
cause of the increase. As industrialisation in these areas proceeds, it
seems plausible to expect that such an accentuated demand will be favourably
modified but this may help more on system load factor than on peak to minimum
demand. It seems necessary therefore to see how a 4/1 ratio of demand
together with the long periods of low demand could be met on a system to
which nuclear units are introduced, and what size these units might be.

In contrast, it may well be that water demand varies relatively little.
The ways in which "buffering" may be used to accommodate this difference in
demand pattern between the two products are commented on later. The next
point to be established is the size of unit which appears to be most suitable,
taking the middle of the range quoted earlier for operation in electrical
systems of about 9000 MW(e) installed.

An IAEA publication (Ref. [1]) tabulates the desirable reserve margin on
peak demand to allow for sudden loss of a unit and adequate operational
flexibility, and recasting this in terms of peak demand as a proportion of
installed capacity leads to an acceptable peak demand of 6800-7000 MW(e).
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The same publication suggests that the permissible maximum unit size would be
in the neighbourhood of 600 MW(e). If, however, as discussed above, in
certain of these smaller electrical systems the load demand over significant
periods may remain at about 40% of the peak, with a minimum of 25% - even
though this may occur for only a few hours per day - there seem to be
arguments in favour of choosing a smaller size. For example, a 600 MW(e)
unit running at design power would constitute over 30% of the supply under
the lowest demand conditions, and for much of the rest of the time well over
20%. In these unfavourable circumstances the fractional increase in load
which the rest of the units would have to absorb h the event of a trip-out
seems unduly high, and it is suggested that a preferable solution would be a
unit of 500 MW(e) output which is capable of diurnal power cycling down to
about 350 MW(e) at the lowest demand conditions. Currently reactors are not
expected to do daily cycles and it could be important for the future to be
able to meet power variations from full load down to about 60-70% design power
in the smaller units, even if the very large ones are viewed as essentially
for base load operation.

An LWR nuclear system coupled to a desalination plant of the NSF type
which is providing 15-20 m3 of water per MWhr of electricity can be shown to
have an energy demand equivalent to that of an electricity-only unit of about
625-650 MW(e). The earlier discussion has indicated that lifetime load
factors of 60% or so are desirable if such units are to show an adequate
margin of saving compared with fossil plant. Currently some of the smaller
LWRs are achieving annual load factors significantly in excess of this figure,
so that even allowing for the power reductions in times of low demand commen-
ted on above, this seems a reasonable target.

CHANGES IN VATER/POWER RATIO

It has previously been noted that there will be a need in coupled water
and electricity production systems to vary the ratio of the two products, and
furthermore that in many cases the water demand may not vary much. In large
systems the maximum dual purpose economy would be achieved by operating units
of the backpressure type and running them under baseload conditions, i.e.,
effectively at full design rating, as the energy saving relative to single
purpose plants can comfortably exceed 20%. In addition, the potential
capital cost savings are substantial if the LP end of the turbine and the
turbine condenser can be eliminated. Backpressure plants are however very
limited in flexibility and the varying demands of a smaller system may
restrict the acceptable size of unit to such an extent that a nuclear plant
would not breakeven with a conventionally fuelled unit. While extraction
plants do not offer either the energy saving or capital cost gain of back-
pressure, they are much more flexible, and calculations indicate that for a
plant designed for 15-20 m3 water/~(hr(e), power could be reduced to 60% or
so with water output constant, while still retaining adequate stea flow
through the lower turbine stages to avoid blade overheating troubles. It
would be necessary of course for full water output to maintain the brine top
temperature in the distillation plant at the design level. For this to be
achieved, additional tapping points further towards the HP end of the turbine
than the normal full-load point would have to be provided. These offtakes
would have to be invoked successively as the throttling of the prime steam to
the turbine reduced the steam pressure below that acceptable for the correct
brine temperature.

Although it has been said earlier that water demand may vary only a
little, some provision to meet variations must be made. It would be both
fortuitous and fortunate if power and water variations matched, and since
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electrical energy cannot be stored, the ability to store water must be used
to provide some buffering. Furthermore, it should be remembered that
distillers are not amenable to rapid output variations, and as a corollary
to this, bringing on a fresh plant should the operating one drop out for
some reason, will take many hours. To provide buffer storage for daily
consumption quantities is not difficult to picture, but in certain climates
storage to buffer annual variations in demand may be difficult unless some
suitable underground storage is either adaptable from a natural configuration,
or easy to construct artificially. Clearly buffering capability of this
capacity offers the opportunity to adjust between power and water demands, and
to size the desalter for optimum operation over the year.

However, with a reactor there is considerable incentive to keep the
energy output as high as possible consistent with satisfactory operation of
the system as a whole. It has been suggested that some smoothing between
products can be achieved by storing hot brine (Ref. [2]). In periods of low
power demand, the steam which the reactor can provide above that needed for
the instantaneous demand of power and water is used to heat this brine. The
brine storage can then be drawn upon at times when there is a large power
demand to maintain output from the distiller. In Ref. [2], proposals are
made for the type of hot water storage cavity which would be desirable. The
limitations on this approach may arise from anhydrite deposition consequent
upon prolonged storage of brine at the temperatures necessary, especially as
distillers, by making use of either acid dosing or high temperature additives,
are tending to move themselves towards higher top temperature operation.

ALTERNATIVE PROCESSES

Although the principal part of this paper has been concerned with heat
processes of the distillation type used in conjunction with turbine plant to
achieve improved economics as well as better heat utilisation compared with
single purpose plants, clearly the power-consuming processes such as vapour
compression and reverse osmosis can be considered for dual-product operation.
Vapour compression is indeed a total energy system in itself and its develop-
ment may be justified because of its good heat utilisation and the way it
could be used alongside major dual-purpose units. Reverse osmosis in itself,
being purely power consuming, does not offer the thermodynamic gains of the
true dual-purpose system but if a steam turbine drive, exhausting to the
brine heater of a distiller, were used for the pumps, a dual-process system
would be possible, though at the cost of some complexity. Alternatively,
reverse osmosis might be developed to have the flexibility of being a
"disconnectable load", so helping to create the most effective overall use of
the primary energy source as well as the better economics of high reactor
load factors.

CONCLUSIONS

In the areas of the world where the major demand for dual-purpose plants
for power and water production are likely to arise, many of the requirements
will occur when the electrical systems may be unable to accommodate nuclear
units of the size currently being installed in the developed countries.
Nevertheless, there appear to be prospects of units of about 600 HW equivalent
output (allowing for the associated water production) offering an economic
challenge but there may be the further need for these units to be capable of
a certain range of power cycling. More study is needed, against practical
examples, of the way in which the varying demands of the two products can best
be combined to give good economics, good energy utilisation, and minimum
fluctuation of load on the reactor.
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FIGURES

Fig. 1 - Generating coats versus load factor for nuclear and conventional
powers.
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Summary Report and Recommendations

1. GENERAL

The possibility of using heat from a nuclear source for the desali-

nation of sea water, either alone or in combination with the production

of electricity, has been under study for a number of years. The more wide-

spread use of nuclear power for electricity production and increase of

cost of conventional energy sources has helped to advance the introduction

of "nuclear desalination". However, except for few countries there appears

to be decrease of interest in this field, which is all the more remarkable

in view of the very considerable attention now given to other uses, nuclear

heat outside the electricity supply sector, for example for district and

industrial heating. The reasons for this apparent trend are not clear,

particularly as the subject has been actively discussed at other specialized

meetings and widely reviewed in the literature.

Available information suggests that only one nuclear desalination plant

is at presnt in operation; this is the Shevchenko plant in the USSR pro-

ducing 120,000 m3/day of fresh water together with 150 MW of electricity.

Dual-purpose plants of similar size are under consideration in other countries

but none have yet been contracted for.

This report deals only with information made available and reviewed at

the Technical Committee Meeting in Vienna on the 29 June to 1 July, 1977.

The information presented may not be complete, but it does provide an in-

structive cross-section of the current position of nuclear desalination and

of current thinking in this subject.

The conclusions reached may be summarized as follows:

1. Nuclear desalination involves the marriage of two technologies

- heat production from nuclear sources and conventional

desalination - which are by now well explored and for which,

viewed separately, technically adequate and operationally

satisfactory concepts are commercially available. No great

problems are foreseen when these two concepts are coupled together.
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2. Problems appear to exist in the economic sector where methods of

evaluating the costs of nuclear desalination are still contested

and prices of the principal plant components are extremely uncertain.

The consequent difficulties of determining the real cost of water

desalted by nuclear means might well discourage potential users of

this technique.

3. The capital-intensive nature of nuclear power in addition to that

of desalination equipment and the associated financing problems

tend to place nuclear desalination out of court at the present

time for all but those nations who are financially strong or are

forced by circumstances to adopt it.

4. The growing world demand for potable water, the gradual exhaustion

of alternative reserves in many areas and the increasing costs of

their exploitation will ultimately improve the attractiveness of

nuclear desalination, particularly as more operational experience

with it becomes available.

2. PRESENT STATUS

Apart from experimental schemes and the Russian project already referred

to, serious proposals are at present being pursued in the following cases:

Egypt: Negotiations are in progress for a 20.000 m3/day desalting

unit in association with a 622 MWe PWR plant. ,

Iran: It was decided to invite bids for a desalination plant

of two units 100.000 m3/day each to be supplied from a

commercial nuclear PWR power complex of 2 x 1200 MWe at

Busheher.

Kuwait: Bids have been invited for a dual-purpose unit of nominally

capacities of 40 MWe and 10.000 m3/day of potable water.
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A number of feasibility studies have also been made in different parts

of the world such as in Saudi Arabia and there is no doubt that further

design and construction work will be put in hand in the not too distant

future.

All the major plants at present conceived for operation with seawater

using nuclear heat are of the distillation type. New processes such as

HTME (Horizontal Tube Multi-Effect), appear to have some promise, principally

because of a lower inter-stage pressure drop and consequently lower heat in-

put requirements. Other processes especially the membrane processes can

have an importance in the future projects.

Feasibility and design studies undertaken so far suggest that an

intermediate loop should be interposed between the nuclear heat raising

plant and the desalination unit as an insurance against possible radio-

active contamination of the potable water. Such loops can be inserted

in the steam or water circuit, depending on the design and heat transfer

requirements of the plant, but it should be kept in mind that intermediate

circuit designs have not yet been proven in practice and need to be explored

further. Some of the units coming into operation in the next few years may

be able to provide the necessary operational experience.

A further point requiring attention in the nuclear case, as opposed

to the conventional fossil-fuelled design, is the siting with respect to

centres of population and the maintenance of adequate separation distances.

It is important to remember that nuclear safety standards relative to the

reactor type must be observed.

3. CONCEPTS

Three basic plant arrangements are available:

(i) Units producing only water;

(ii) Units producing water with electricity as a by-product;

(iii) Units producing both, water and electricity.
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It is recognized that in case (li), electricity is generated in

back-pressure turbines, supplied with nuclear heat and feeding into the

brine heater of the desalination unit so that the electricity and water

output remain in step and independent load-cycling is economically possible

only within narrow limits. In case (iii) however, part of the nuclear heat

is used for electricity generation in condensing turbines and part for

desalination so that, within the total amount of heat available from the

reactor, considerable load-cycling on either the electrical or the water

side is feasible. Different operating concepts some into play in these

three cases.

On the nuclear reactor side, the principal solutions now presenting

themselves are:

- the commercial or utility-type power reactors, large or

small, which can serve a single-purpose (case i) and ii)

or dual-purpose (case iii) role. Such reactors are

essentially of the light water moderated type although

gas-cooled reactors may come into the picture at some

future time.

- Special-purpose low-temperature reactors with characteristics

suitable for water production only (case i). Such reactors

are still in the development stage but could hold some promise

for the future, because they may be less demanding on fuel and

equipment performance and safety requirements.

These reactor concepts are not different from those involved in

other nuclear heat applications.

4. ECONOMICS

There is general agreement that methods of economic evaluation

must take into account all the costs entering into a particular assessment.

Although generalized assessments can give guidance, each case needs to be

analized in respect of specific requirements.
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Extrapolation of solutions from one case to another should be avoided.

There are differing views on the way an economic assessment is to be

conducted and on the economic parameters to be applied, but two principal

methods are established:

(a) The electricity credit method, in cases where electricity

is a by-product of desalination;

(b) The electricity debit method, in cases where the electricity

output from a condensing feature is reduced by the extraction

of steam for desalination.

The electricity/water cost characteristics are different in the two

cases. The difficulty of assigning a value to the output of either product

is appreciated, particularly in cases where different authorities are

ultimately involved, but it is pointed out that, here again, generalized

assumptions should not be made. It is clear that the economic merit of

nuclear desalination is critically dependent on local circumstances and

the means available for procuring water from other sources.

5. RECOMMENDATIONS

It is recommended that the Agency should keep under review:

(a) The development of small and medium size power reactors

which could be suitable for desalination or other heat

utilization purposes.

(b) The development of special low-temperature reactors which

may be of particular promise for these purposes.

Periodic meetings should be arranged so that progress in the

nuclear desalination field can be monitored and relevant information

and experience exchanged.
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