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Abstract

The experience from water desalting plants M4C-1 on nuclear-powered icebreakers and M3C on the
nuclear-powered freight-carrier "Sevmorput" are discussed. The specific design features, including those for
maintaining distillate quality, to be considered under conditions of roll, heel and hull impact loading are
highlighted

1. DISCUSSION

The water-desalting plants used on the nuclear-powered icebreakers and the
nuclear-powered LASH-carrier "Sevmorput" are the replenishment source for virtually all
shipboard demands for fresh water:

primary fill and makeup water for the steam cycle of the steam-turbine plant (with
additional purification);
working water for the charging and recharging systems for the steam cycle ion
exchange filters;
working water for automatic control system;

- working water for the control system for remote-controlled accessories;
- primary fill and makeup water for the primary and secondary circuits;
- humidification in the air-conditioning system;
- fresh water for domestic needs.

Furthermore, the fresh water is used:

for water treatment for the primary circuit and secondary cooling circuit for the reactor
plant (with appropriate additional purification and treatment);

- for treatment of potable water (with mineral addition and bactericide treatment).

The above mentioned uses on a nuclear-powered icebreaker of the "Arktika" class
consume on the average 80 t/d of fresh water. This demand is met by two M4C-1 water-
desalting plants, one of which is reserved; on the freight-carrier "Sevmorput" and
nuclear-powered icebreakers of the "Taimyr" class by two M3C plants, one of which is also
reserved.

Because the desalinated water is used for the nuclear power plant, it shall be of
extremely high purity, and the water-desalting plants of increased reliability.

Their reliable operation is ensured under following conditions:

- static fluctuations to either side up to 15° without time restriction;
dynamic inclinations (rolling) at an amplitude of 45° and a period of 7-14 seconds.
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The water-desalting plants used on the nuclear-powered icebreakers and
nuclear-powered freight-carrier "Sevmorput" are of the flash distillation type (Fig. 1).

The operating principle of the plant is based on partial flashing of seawater in the
evaporator stages. In each stage the water enters heated to a temperature above the saturation
temperature corresponding to the pressure in that stage, resulting from the condensation of
secondary steam generated by flashing in that stage. In accordance with requirements imposed
by the nuclear power plant, design features of the plant are such that a high quality of
distillate at the outlet is achieved in comparison with the other desalination plant types.

The plant offers a special system for chemical cleaning of heat-exchange surfaces and
is equipped with an automatic control, protection and monitoring system.

I Stem inlet
Distillate
to the
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Condensate
outlet Brine

outlet
1 Sea water

inlet
1- evaporator, 2 - steam ejector, 3 - ejector condencer,
4 - water heater, 5 - brine pump, 6 - filter,
7 - distillate pump, 8 - feed pump,
9 - washing device.
n - steam, na - vapeur-air mixture, 3B - sea water,
A - distillate, K - condensate.

Fig. 1. Diagram of the M4C-1 water desalting plant.
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The working medium of the water-desalting plants is secondary circuit steam,
generated by the reactor plant steam generators. The steam condensate, upon exiting from the
surface heaters and ejectors of the water-desalting plant, is directed to the condensers of the
main or auxiliary turbo-generators and returns to the "steam-condensate" cycle of the
steam-turbine plant (Fig. 2).

The design and reliability of the reactor plant and a special steam-generator valve
which, if necessary, is automatically or remote switched off, ensures the absence of
radioactivity in the secondary circuit.

Central compartment

1 - "water-dwaltiBg plant M4C-1 ,
2 - OY condensate pump. 3 - reactor. 4 - primary circuit water pump.
5 - steam generator, 6 - turbine, 7 - condenser, 8 - condensate pump,
9 - deaerator, 10 - feed pump, 11 - iced water reserve tank,
12 - distillate to the consumers of JUV , 13 - distillate for domestic
needs, 14 - distillate to the potable water system, 15 - distillate for BB<1
of primary circuit, 16 - distillate for replenishing steam-condensate cycle,

n - steam, k - condensate, R - distillate, n.B - feed water,
Ik - primary circuit water.

Fig. 2. Switching diagram of water desalting plant in the steam-condensate cycle.
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Fig. 3. Washing device.

At the present time 10 M4C-1 plants are working on nuclear-powered icebreakers of
the "Arktika" class, and 6 M3C plants on the nuclear-powered icebreakers of the "Taimyr"
class and the nuclear-powered LASH-carrier "Sevmorput". In total more than 50 M4C-1 and
M3C plants are operating on ships of these types.

Based on the results of operating experience, an array of modifications was introduced
in the design of plants in order to ensure or enhance the above mentioned main
characteristics.
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MAIN TECHNICAL CHARACTERISTICS OF WATER DESALTING PLANTS

Designation

Capacity

Content of salt in distillate

Content of chlorine ions in

distillate

Distillate outlet temperature

Steam pressure before plant

Steam temperature

Steam consumption

Sea water consumption

Sea water salinity

Unit

of measure-

ment

t/day

mg/1

mg/1

°C

MPa

°C

kg/h

t/h

g/k-g

Plant

M4C-1

120

1,5

0,1

43

2,5 - 3.0

290

3,200

110

41

Plant

M3C

60

2,0

0,3

50

1

250

1,635

58

41
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Special attention was paid when running-in the plants to achieving stable distillate
quality at the outlet. This depends on factors disturbing the evaporation processes, such as
rolling, heeling and the ship's impact on ice.

Solving this problem required special washing devices (Fig. 3) which prevent mixing
of salt steam with the separated clean steam. These devices do not allow the raising steam to
leave the washing water layer even at ship's inclinations of up to 45°, or for capacity
increases of 15-20%.

The effect of ship's roll and heel, if no special measures are taken, results in drastic
changes to the thermal processes in the plant's horizontal heat-exchangers due to the
exclusion of part of the surface from active heat exchange. This is solved through an
appropriate arrangement of the horizontal tube bundles and design measures ensure a
complete condensate removal from the apparatus even when inclined to either side.

Summarizing the 20-year experience of the first two M4C-1 plants built on the
nuclear-powered icebreaker "Arktika", it is worth noting that during this time about 400 000
tons of distillate have been produced by the plants. After repair, consisting mainly of
replacement of automatic control and protection system components, the plants continue to
operate as designed.

The operating time between chemical cleanings is influenced by the quality of
seawater. For example, on icebreakers operating in the northern latitudes the duration
between cleanings amounts 2500-4000 operating hours. During operation of the M3C plants
on ships which have spent long times in Mediterranean Sea, South Atlantic and Indian Ocean
areas, the cleanings took place after 500-700 hours.

When operating water-desalting plants the quality of distillate produced can be
negatively influenced by contamination of seawater with petroleum products, noxious
substances, sewage, algae, etc.

In the event of such seawater intake conditions for the desalting plants, as a rule
specific restrictions are placed on plant operation, especially when the distillate is to be used
for domestic needs, preparation of potable and washing water.

2. CONCLUSIONS

1. The M4C-1 and M3C water-desalting plants installed on the nuclear icebreakers and
freight-carrier "Sevmorput" have proved the full requirement for distillate and potable
water. No emergency situations have arisen in the course of their use during the 20
years these plants have been in operation.

2. The designs implemented in the plants have provided reliable operation under
shipboard conditions, with a service life of 100 000 hours.

3. The use of these plants in the offshore zone for producing distillate for technical needs
is possible. To obtaining potable water, more extensive design measures are needed
for pretreatment of seawater containing adverse materials and bacteria.

4. The presence of a nuclear plant on the ship does not result in any adverse effect on the
quality of the distilled water. The water-desalting plants are isolated from the reactor
plant; the secondary steam circuit has no direct contact with the distilled water.
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