
Annex III.l
EXPERIENCE WITH NUCLEAR DESALINATION IN KAZAKHSTAN

E. Nikolskiy, P. Lebedev
Mangyshlak Atomic Energy Complex, Kazakhstan XA9642995

m.1.1. BN-350 REACTOR

BN-350 is a loop type reactor cooled with liquid sodium. The nominal thermal power of
the reactor is 1000 M (currently operated at 520 MW(th)). In fact, only part of the thermal power
is used to produce 90 MW of electrical power, the other part is used to produce up to 65 000 tons
of desalinated water per day. Operation of the reactor started on 29 November 1972 and since
that time the plant has been providing electricity, heat and fresh water to the area.

The reactor vertical cross-section is shown in Figure HI. 1-1:

1- Vessel, pipes between the reactor vessel and isolation valves are fitted with a safety shell
2- Big rotating plug
3- Small rotating plug
4- Central column, there are 12 mechanisms with control rods
5- Assembly handling mechanism
6- Handling box
7- Handling elevator
8- Fixed upper box
9- Refueling mechanism
10- Core
11- Reactor rest
12- Lateral protection
I- Sodium inlet

II- Sodium outlet

The reactor building dimensions and main equipment are shown in Figures HI. 1-2 and
m.1-3. The reactor has 6 primary loops located in individual air-tight rooms. The main
components of a primary loop are the primary pumps and the intermediate heat exchangers.
There are six secondary loops, located in two rooms situated directly beneath the reactor hall, on
opposite sides of the reactor vessel. The principal results of the BN-350 reactor operation from
1973 to 1995 are shown in Table El. 1-1.

Table m. 1-1 PRINCIPAL RESULTS OF THE REACTOR BN-350 OPERATION
FROM 1973 TO 1995

Parameters

Power level operation 159 921 hours
Average power 592 MW(th)
Average load factor 0.85
Fuel reloading number 56
Number of the unplanned power decrease 62
Fuel burnup increase from 6.3% to 11.8% a.t.
Average irradiation level 0.2 rem/(man-year)
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FIG. III. 1-1. Vertical section ofBN-350 reactor
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FIG. III. 1-2. Vertical section of BN-350 power plant



FIG. III.]-.3 Horizontal section of BN-350 power plant



Table IE. 1-2 MAIN TECHNICAL PARAMETERS

Parameters

Thermal power 750 MW(th)
Electric power up to 125 MW(e)
Desalinated water production up to 100 000 m3/d
Inlet/outlet sodium temperature of the primary loops 288/437°C
Inlet/outlet temperature of the secondary loops 260/420°C
Overheat steam pressure 4.5 MPa
Overheat steam temperature 405 °C
Overheat steam flow 1070 t/h
Loop number 5

Maximum of the reactor installation BN-350 technical parameters for the whole operation
period was achieved in 1984. The main parameters are shown in Table HI. 1-2. The reactor
worked according to these parameters during May 1984 - January 1989. The operation
experience of the BN-350 has proved its high safety and environmental cleanness. The
intermediate sodium circuit is a reliable border separating the radioactive primary sodium and
steam generator. Due to this fact, leakages of the steam generators are not radiation accidents.

The most important advantage of the reactor is its minimal radiation influence on the
environment; the average radioactive gas release being 10-15 Ci per day, with the permissible
level of 500 Ci per day. The exhaust air includes inert radioactive gases such as Xenon, Krypton
and Argon. These gases have short half-life periods and are not harmful to the population.

The operating history of BN-350 is shown in Figure HI. 1-4.

m.1.2. REACTOR BN-350 PERSPECTIVE

The BN-350 was designed to operate for 20 years. This period was ended in May 1993.
Thorough inspections let authorities come to the conclusion that safe and reliable reactor
operation up to 2003 would be possible.

An additional research programme has been prepared. A set of modernizations to increase
the safe and reliable reactor operation level was implemented in May 1993 and June 1994.
Authorities permitted the next year of operation as the result of the realization of the programme.

Now the reactor has been stopped for the 56th fuel reloading, preventive maintenance and
repair and research works according to the programme mentioned above.

m . 1.3. THE THERMAL SECTION OF THE NUCLEAR DESALINATION COMPLEX

Aktau is the only town in Kazakhstan consuming merely desalted water, the main
component of which is distillate, produced from seawater in distillation desalination units (DDU).
A steam generating station including fast reactor BN-350 is the thermal energy source.
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DDU complex in Aktau is the largest center of commercial thermal desalination in
Kazakhstan (before USSR). The capacity of operable desalination units is 65 000 m3/d. Some
new units will be put into operation in the near future.

Development of seawater desalination technology and equipment began in the former USSR
in 1961, when a seawater desalination testing ground was erected on the eastern deserted Caspian
seashore. The first evaporation distillation unit had an output up to 70-120 mVd. As a result of
complex tests of this unit the multi-stage thermal evaporation desalination process was selected
to equip Aktau Distillation Production Factory (DPF). A scheme of the nuclear desalting
complex is shown in Figure HI. 1-5.

The thermal section of the nuclear power plant includes the tertiary loop (turbine system)
and forms an integral part of the turbine system (Figure EL 1-6). The nuclear steam supply
system and the turbine system have the following elements in common: the water preparation
including chemical treatment, pre-heating and deaeration; the pumping units and feed pipelines;
the 5 MPa steam feed pipelines coming from the reactor steam generators with a cross-flow
collector and the condensation and back-pressure turbine conductor piping; four 100/50 (decrease
from 10 MPa to 5 MPa) fast reduction cooling units providing steam feed during refueling the
reactor; two 50/14 (from 5 Mpa to 1.4 MPa) reduction cooling units providing the emergency
operation in case of the condensation turbine assembly trouble and also six 50/6 (from 5 MPa to
0.6 MPa) fast reduction cooling units for the emergency duplication of the desalination units
steam feed in case of the back-pressure assembly disconnection. So no any marked pressure
fluctuations at the reactor steam generators and in the collector preceding the desalination units
are caused by an emergency disconnection of the turbines.

The steam leaving the back-pressure turbine with 0.6 MPa pressure, enters the central
collector and is then directed to the desalination plant. The steam coming from this collector is
also utilized for the turbine system needs including the steam feed of the 180 Gcal/h total output
peak boilers used for the heat supply of the industrial enterprises and settlements located within
7 km from the nuclear desalination complex.

The steam generators feedwater supply is effected by six electric pumps, each being of the
315 m3/h production capacity, connected to the central section collector and delivering water from
the high-pressure deaerators. Three independent feedwater sources connected to the deaerated
water circuit and to the emergency feed water tanks are provided to supply the reactor during its
emergency cooling down. Such a technological scheme maintains operation of all its elements
irrespective of planned or emergency disconnection, load increase or drop in without any
influence to the reactor output and without physical changes in the reactor core operation.

The plant operates as follows: Caspian sea water with 13 500 ppm salt content is heated to
96-98°C while passing successively through end condenser, deaerators, system of regenerative
pre-heaters, and enters the first evaporator. Then, flowing successively from the first evaporator
to the fifth one, it is evaporated to 45 000 ppm salt content and is discharged back to the sea. In
the first apparatus evaporation takes place owing to heat of heating steam, supplied by nuclear
reactor and in the following ones - owing to heat of secondary steam, formed in the previous
apparatus; feedwater is also heated by secondary steam.

The condensate (distillate) from heating chambers of evaporators, except the first one, pre-
heaters, and condenser is supplied to potable water production (purification) and to consumers
after cooling it with seawater.

117



00
Steam Generator
Power Station

Fart Reduction
Cooling Set
MWSO

Steam Generator
BN-350

FIG. III. 1-5. Flow diagram of power complex
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FIG. III. 1-6. Flow diagram of nuclear desalination complex



The 30 years operation experience of the Aktau desalination complex and the 20 years
operation experience of the reactor let scientifically substantiate and practice the main issues in
nuclear desalination based on heat produced by a nuclear reactor, work out an optimum seawater
desalination technology, including additional purification and distillate produced by the
desalination plants, and improving water and chemistry of the BN-350-DU technological scheme.
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