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Abstract

This paper gives in the first part detailed information on the pre-project study on a demonstration plant
for seawater desalination using heating reactor implemented by both Moroccan and Chinese sides. The main
findings of the pre-project study are given in the second part.

1. INTRODUCTION

Knowing that prior studies carried out by IAEA have revealed that the use of nuclear energy
for the desalination of sea water is technically feasible and may compete with fossil energy, Morocco
has decided to carry out a specific study for Tan-Tan site, which will require 8 000 m3/d of
desalinated water by the year 2000.

To that end, in the framework of the co-operation between China and Morocco states, both
sides with the assistance of IAEA, have implemented jointly a pre-project study adopting a
10 MW(th) nuclear heating reactor NHR-10, as its heat source and the vertical tube high temperature
multi-effect evaporation process (MED-VTFE).

2. MAIN CHARACTERISTICS OF PRE-PROJECT STUDY

In order to perform this project, Morocco and China have established the two following
documents:

(1) Agreement between the Moroccan Ministry of Energy and Mines and the China State
Science and Technology Commission for cooperation in the pre-project study.

(2) Proposal for pre-project study.

The agreement was signed by authorities of both sides on 20 September 1996 in Rabat. The
period of this agreement is 18 months starting from the mentioned date. The Moroccan side has
appointed a technical committee including the representatives of the Moroccan departments involved
in this project.

The objectives of a demonstration plant are:

- To build up technical confidence in the utilization of a nuclear heating reactor for
desalination of seawater,

- To establish a database for reliable extrapolation of water production costs for a commercial
nuclear desalination plant of the same type (200 MW(th); 160 000 nrVday).

3. OBJECTIVES OF THE PRE-PROJECT STUDY

The basis task of the pre-project study is to indicate the possible location of the plant, lay
down the technical basis for the reactor and the desalination plant, expound and verify its technology,
safety, reliability, economy and availability. Its major objectives are as follows:

(1) Specify the concept design of the reactor and the desalination plant in the demonstration
plant, and expound and verify its technical feasibility.

(2) Expound and verify the safety of the demonstration plant and the international standards.
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(3) Estimate the investment of the project, assess the cost of the fresh water produced to
expound and verify its economical feasibility and application prospects.

(4) Made a comprehensive conclusion on the necessity, safety, technical feasibility and
economical viability to provide decision maker with the feasibility for the establishment of such a
demonstration plant.

4. GENERAL DESCRIPTION OF THE NUCLEAR SEAWATER DESALINATION
DEMONSTRATION PLANT

As the heat source for the desalination plant, the NHR-10 reactor provides the desalination
plant with 105-130°C saturated steam via the primary circuit, the intermediate circuit and the steam
supply circuit. In the VTFE first effect, the steam is cooled and condensed by seawater, and then
flows back to the steam generator as feed water. The seawater which is heated by steam in the first
effect becomes secondary steam which goes into the next effect. This evaporation-condensation
process repeats further until the last effect, where the produced steam will be cooled and condensed
by the feed seawater to the desalination plant. The feed seawater, taking the counter flow pattern,
flows through every effect all the way, wherein pre-heated, into the first effect. Through evaporation
at every effect, the salt content of the seawater becomes increasingly higher. At last, the seawater with
high salt content will be discharged into the sea. The fresh water coming from one effect to the next
one will flash thus increasing the heat recovery. To maintain the heat transfer efficiency of the
evaporation-condensation process, vent facilities are designed for removal of non-condensable gases.
Figure 1 gives the schematic diagram of nuclear desalination demonstration plant.

4.1. Nuclear steam supply system

Being different from nuclear power plants, the NHR-10 nuclear steam supply system consists
of the reactor coolant circuit, intermediate circuit and the steam supply circuit. The four main heat
exchangers in the reactor pressure vessel are divided into two groups, with two heat exchangers of
each group being parallely connected to an intermediate circuit. There are two independent
intermediate circuits, each having a steam generator. Steam flows from the two steam generators can
be, alone or parallely, led to the steam inlet of the first effect of the two VTFE systems. Condensate of
the live steam is sent back as feed water to the steam generator by condensate pumps. This simplified
interface design can increase operational flexibility and thus enhance the operation availability.

The multi-barrier design, include active and passive barrier, is to assure that the fresh water
produced shall not be radioactively polluted.

4.2. The vertical tube foamy flow evaporation system

The VTFE system is a high temperature desalination process. Its direct coupling with the
nuclear steam supply system is one of the best interface approaches. This coupling can simplify
system design and operation.

The VTFE system consists of two units with each unit consisting of four towers. Each tower
includes seven effects. Towers are connected by pipings. In every desalination unit there are 28
effects. The designed capacity of each unit is 4,000 m7d, thus the total design capacity of the water
production plant is 2 x 4 OOOnrVd. Figure 2 shows the arrangement of the 8 desalination towers. The
first two towers containing effects 1—14 have a diameter of 3.0 m, and second two towers containing
effects 15-28 have a diameter of 3.4 m. All towers have a height of 34 m.

The pre-heater in each effect is a long, vessel-tube type heat exchanger. Its vessel side is connected to
the vessel side of the evaporator. The residual 15-20% heat of the steam after going through the
evaporator is used to pre-heat the seawater.
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FIG. 1. Schematic diagram of nuclear desalination demonstration plant.

The feed seawater of the desalination plant is pre-treated to prevent from fouling on heat
transfer surfaces, and the produced fresh water is to be post-treated, so that it meets drink water
standards.
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The key design parameters of the nuclear seawater desalination plant are listed in Table 1.

TABLE 1. GENERAL DESIGN PARAMETERS OF NDDP

Reactor thermal power

Pressure

Reactor outlet/inlet temperature

Intermediate circuit

pressure

water temperature at steam generator outlet/inlet

Steam temperature at outlet

Steam flow rate

Seawater desalination plant

design capacity

process

number of units

number of effects of every unit

capacity per unit

GOR

seawater inlet temperature

flow rate

water quality (TDS)

Reactor operation cycles: first cycle

second cycle

Maintenance period of the desalination plant

Planned reactor outage

Unplanned reactor outage

Planned desalination plant outage: Arranged at the time with

reactor planned outage

Unplanned desalination plant outage

Total availability

Reactor refueling cycle

Reactor—desalination plant cooperative maintenance plan

MW
Mpa

°C

Mpa

°C

°c
kg/s

m3/d

m3/d

°C

t/h

ppm

EFPa

EFPa

a

%

%

%

%

EFPa

a

10
2.5

210/180

3.0

135/180

130

4.37

8 000

VTFE

2

28

4 080

21.6

25

2x340

20

5.89

1.92

3

3

4

4

89

7.81

3+3+2

5. DESIGN FEATURES

Since the reactor safety is of special importance to the public, the environment and the water
quality, it must be specially addressed and emphasized in the design to make the reactor safety
reaching a considerably high level. Safety analysis and the safety tests on the NHR-5 have shown this
high level safety.

The NHR-10 is a vessel type light water reactor featured by integral arrangement, natural
circulation, self-pressurisation and passive safety, with the NHR-5 as its proto-type.

The NHR-10 reactor is the heat source specifically designed for desalination.
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5.7. Reactor safety

The NHR-10 is designed to have relatively strong negative temperature coefficient of
reactivity, which inherently suppress abnormal power and temperature transients. Because the NHR-
10 has low power densities, it has a relative big margin against the DNB. Therefore the integrity of
fuel claddings will be ensured.

A series of measures have been taken in the design to make the reactor not sensitive to LOCA
accidents. Under all design basis LOCA accidents, the reactor core remains flooded and cooled. The
core-melt frequency of the NHR-10 should be lower than that of the present PWR power plants
(10 5/a) by at least two orders of magnitude.

The NHR-10 is designed to have a big coolant inventory (-2.8 m3/MW(th)) so that pressure
transients during any accidents are rather gentle owing to a great thermal inertia in the primary
system. The integrity of the coolant pressure boundary is maintained.

The multi-barriers for radioactivity confinement are designed for the NHR-10. They are: fuel
claddings, the coolant pressure boundary and the containment as well as the well-sealed reactor
building. This provides complete and effective barriers to radioactivity releases in all cases.

The above described safety features can assure the overall safety goals to be met; protection
of the public safety, no pollution of the environment and protection of the investment.

5.2. Safety in fresh water production

In comparison to using conventional energy sources, radioactive pollution in water production
processes should be prevented when using nuclear energy for seawater desalination. Sufficient
consideration is given in coupling the NHR-10 and the VTFE systems.

Reliable multi-barriers are designed in the NHR-10 desalination system. There is in the
reactor system an intermediate circuit whose pressure is higher than the primary circuit. This circuit
separates the reactor coolant circuit and the steam supply circuit via the main heat exchangers and the
steam generators. The steam supply circuit itself is separated from the radioactive reactor coolant to
enter the fresh water systems, unless all the three barriers fail simultaneously, overlapped the failures
of the pressure barrier of the intermediate circuit and isolation.

In addition, such means as on-line radioactivity monitoring or sampling analysis have been
adopted in the intermediate circuit, the steam supply circuit and the fresh water production systems, in
order to detect abnormal conditions and to take corresponding actions.

5.3. Common site

The NHR-10 reactor and the water plant have a common site. Because of the high level
reactor safety, the site can be near the water users. This common site approach has the following
advantages:

(1) Sharing on staffs and facilities for management, operation and maintenance,
(2) Sharing on infrastructure and common facilities, and
(3) Minimizing fresh water pipings.

This is beneficial to enhance the economy of the water plant.
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5.4. Site selection and environment evaluation

Through a joint site survey by the experts from IAEA, INET as well as Morocco side, two
candidates of sites were proposed. The locations of two proposed sites are shown in Fig. 2.

For proposed two sites it is not expected to encounter prohibitively adverse conditions which
would preclude the construction and safe operation of the nuclear desalination plant. The influence on
the environment and population are acceptably minor.

6. ECONOMIC ASSESSMENT

The total base investment cost of the project based on the price level in January 1998 is 38.00
MUSD where the 10 MW(th) nuclear heating reactor base investment cost is 22.50 MUSD, and the
2 x 4000 m7d VTFE desalination system base investment is 15.50 MUSD. The national participation
taken into account is around 40 %. As the scale of the NHR-10 is very small, so the specific
investment cost much higher than that of the commercially sized heating reactor.

The main parameters used in calculating the production water cost include construction lead
time, economic life, load factor, discount rate, capital charges, interest during the construction period,
nuclear fuel cycle cost, operation and maintenance cost etc., excluding the cost related to water
storage, transportation and distribution.

The sensitivity analysis indicates that the changes in values of the main parameters affect the
water cost according the methodology for the economic evaluation of cogeneration/desalination
options (E.E.C.D) of IAEA. Calculations were performed for the following cases:

Different discount rate,

Different load factor assumptions,

Advanced or delayed construction lead time,

Different import duties and taxes in Morocco.

For the purpose of economic study of large commercial nuclear heating reactor desalination
plant, the construction cost and the potable water cost of a 200 MW(th) heating reactor desalination
plant are given in the Table 2.

The calculation results indicate that such nuclear desalination plant should be economically
competitive with fossil one.

Table 2 shows an economic data summary for the reference cases of the 10 MW(th) and
200 MW(th) nuclear desalination plant.

7. CONCLUSIONS

• The design of 10 MW(th) nuclear seawater desalination demonstration plant, based on existed
5 MW(th) nuclear heating reactor and high temperature MED desalination technology is advanced
and realistic. The nuclear heating reactor is possessed of good inherent and passive safety features.

A desalination system coupling with nuclear heating reactor can ensure the produced water
from radioactivity contamination. There is no technical hinders that cannot be overcome during the
implementation of this project.
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TABLE 2. ECONOMIC DATA SUMMARY OF REFERENCE CASE

10 MW nuclear desalination plant

Base construction cost of NHR-10

Base construction cost of 2 x 4000 m3/d MED water plant

Interest rate during construction period

Water plant capacity

Construction lead time

Economic life time

Load factor

Discount rate

Levelized water production cost

200 MW nuclear dsalination plant

Base construction cost of NHR-200

Base construction cost of 4 x 43200 m7d MED water plant

Interest during construction period

Water plant capacity

Construction lead time

Economic life time

Load factor

Discount rate

Levelized water production cost

MUSS

MUSS

%

rrrVd

month

year

%

%

US$/m3

22.50

15.50

6.5

8000

36

30

89.6

10

2.79

MUSS

MUSS

%

mVd

month

year

%

%

US$/m3

97.28

163.8

6.5

160000

42

30

91.5

10

0.998

• For the proposed two sites in Tan-Tan along the coast it is expected that there are no such
conditions, which could preclude the construction and safe operation of the nuclear desalination
plant. The impact on the environment and population is negligible.
• The producing cost of potable water is a little bit high due to small scale of the 10 MW(th)
nuclear desalination plant and high discount rate. The price is around 2.79 USD/m3.

The estimation of producing cost for a 200 MW nuclear desalination plant, which is in a
economic scale with a capacity of 160 000 m7d, is about 0.95-1 USD/m3. Therefore, it has good
prospects in Morocco in the light of mitigating the problem of energy shortage and lack of fresh water
resources.
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