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Abstract

Intensive design activity is currently underway in Russia on floating nuclear installations, relying
on proven marine NSSSs of KLT-40-type, which are capable of generating electricity, producing potable
water and heat for industrial and district heating purposes. In particular, design work of the first floating
power unit for a pilot nuclear co-generation station, which is due to be situated at the Pevek port area in
the Chukotsky national district (extreme north-east of Russia), is approaching completion, and
preparatory work is being carried out for fabrication of its most labour-intensive components.

Work is also in progress together with "CANDESAL Inc.(Canada)"on the conceptual design of a
floating power-desalination complex. Most suitable options of floating power-desalination complexes are
being sought, addressing requirements of potential customers.

Earlier, at the IAEA technical committee meeting (1993) it was shown that a complex, which
combines a highly effective condensation turbine and a modern reverse-osmosis desalination facility,
could be considered as most preferable from the view point of efficient utilisation of thermal energy
generated by nuclear reactors for co-production of potable water and electricity. The prospective
technology for sea water desalination by a reverse-osmosis method is being developed in particular by
"CANDESAL Inc." It was also pointed out that another sufficiently efficient installation for potable
water and electricity co-production is a dual-purpose complex which integrates both condensation and
back-pressure turbines and a distillation desalination facility. Similar flow configurations were adopted
for the nuclear desalination complex at Aktau (Kazakhstan) which has been in operation since 1972.
"SverdNHKhimMash" institute (Ekaterinburg) is a Russian leading designer of modern distillation
desalination facilities.

This paper presents heat and fluid diagrams of floating complexes, brief description of their key
components, used materials, radiological safety provision and instrumentation.

1. NUCLEAR CO-GENERATION STATION WITH FLOATING POWER UNIT FOR
REMOTE AND DEVELOPING REGIONS OF RUSSIA

Extreme North and similar remote regions account for more than 50% of Russia's territory.
Abundant mineral resources are found out and being exploited there. However, there are no sufficient
local fuel and energy resources as a rule at mining and other mineral production areas while delivery of
fossil fuel calls for great expenses. So, the use of nuclear heat and power stations (NHPS), especially
floating ones, becomes expedient under these specific conditions. At present a design of a floating power
unit with a KLT-40C reactor plant is nearing completion in Russia, and preparatory work for production
of its equipment with extended fabrication cycle is underway. Area of the port Pevek in the Chukotsky
national district is selected as a site for the pilot NHPS [1].

The floating NHPS includes two independent power units, each consisting of a reactor, a steam
turbine and electric power plants. Turbogenerators have steam extraction bleed-offs to heat up feedwater
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1 - reactor; 2 - reactor coolant pump; 3 - steam generator; 4 - pump; 5 - mechanical filter; 6 - turbo -
generator; 7 - condenser; 8 - ion - exchange filter; 9 - district heating system heater; 10 - intermediate
circuit heater; 11 - feed water heater; 12 - deaerator

Fig.l. HPNS Principle Flow Diagram



3

1 - vessel; 2 - EP drive mechanism;
3 - CG drive mechanism;
4 - cover; 5 - removable block; 6 - core

Fig. 2. Reactor
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I - support; 2 - feed water collector;
3 - feed water; 4 - steam; 5 - steam collector;
6 - cover; 7 - bellows - type seal; 8 - tube coil;
9 - "tube - in - tube" nozzle; 10 - primary water;
I1 - iln - vessel baffles; 12 - vessel

Fig. 3. Steam Generator
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Table I Basic technical characteristics of NHPS floating power unit

Characteristic
1. Number of reactor plants
2. Type of reactor plant
3. Thermal power, MW
4. Turbogenerator plant electric power, MW
5. Electric output to network, MW
6. Heat output to heating system, GCal/h

Value
2

KLT-40
2x148
2x35
2x30
2x25

and intermediate circuit's water, which is then supplied to a coastal heating system. Equipment items
used in the NHPSs are based on established fabrication technology and verified by long-term operation
experience.

The plant fluid diagram is presented in Fig. 1. Basic technical characteristics of the floating
power unit are given in Table I. A PWR-type reactor (Fig. 2) is used. Heat-resistant high strength
pearlitic steel with anti-corrosion weld cladding is used as the reactor vessel material. A shielding layer is
located between the vessel and the core for limiting the integral neutron fluence (E > 0.5 MeV) on the
vessel to the value of 2x1020 cm"2. Leak tightness of the reactor vessel-to-cover joint is ensured by a self-
sealed copper wedge gasket.

The reactor houses the core and reactivity control members. A radiation resistant material with
high neutron-absorption capability is used in the reactivity control members. The core has a
heterogeneous channel-type structure consisting of fuel assemblies (FAs) and reactivity control means.
FAs include fuel elements and burnable poison rods containing gadolinium. To facilitate the reactor start-
up control, some FAs contain a beryllium oxide.

The steam generator is of a once-through type (Fig. 3). Steam is generated inside the tubes,
whereas the primary coolant flows outside the tubes. The SG shell is fabricated from low-alloyed steel
lined by an anti-corrosion weld cladding. The SG tube system represents a set of cylindrical spatial spiral
coils made from titanium alloy and united in sections independent as regards feedwater supply and steam
removal. PG-7M and PG-3V titanium alloys are used as structural materials for the tube system. To
connect items made from different materials (i.e. titanium alloy and stainless steel), threaded-soldered
joints are used.

The steam turbine represents an active, single-cylinder, one-flow condensation-type one with
controlled and non-controlled steam bleed-offs for heating feedwater and intermediate circuit's water. A
flow part of the turbine consists of 13 stages. A steam bleed-off chamber divides the turbine into high
and low pressure parts.

The NHPS's heating system consists of the turbine's steam bleed-offs, and the intermediate
circuit with heaters. Part of heaters receive steam from the turbine intermediate bleed-offs, while other
peak heaters receive live steam from steam generators. The pressure in the intermediate circuit exceeds
that of the heating fluid in the heaters. Therefore, at the loss-of-integrity event in the heaters' tube
system, the intermediate circuit's coolant flows back into the steam circuit, thus maintaining a barrier
against radioactive carryover.

The district heating grid with heat exchangers and pumps is situated on a coast and connected to
the floating NHPS by flexible pipelines. The heaters represent shroud-tube HXs. Carbon and stainless
steels are used as structural materials for pipelines and intermediate circuit's heaters. Flexible pipelines
are made as multilayer bellows with polymeric coating.
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1 - reactor; 2 - reactor coolant pump; 3 - steam generator; 4 - turbo - generator; 5 - condenser; 6 - steam
generator; 7 - distillation desalination plant; 8 - sea water inlet; 9 - distillate intake tank; 10 - water
enrichment facility; 11 - running water sorbent containing filter; 12 - plant for water fluorine, chlorine
treatment and stabilization; 13 - mixer; 14 - potable water tank; 15 - H2CO3 solution; 16 - mixer; 17 -
potable water preparation plant pump; 18 - evaporated sea water brine; 19 - intermediate circuit electric
pump; 20 - secondary circuit electric pump; 21 - to condensation turbine.

Fig.4. Station Principal flow diagram



As operation experience of marine NSSSs shows, reliable operation of equipment significantly
depends on quality of coolants circulating in NSSS's circuits. Ingress of sea water into circuits operating
with distillate is especially dangerous occurrence. Secondary steam's activity is monitored by gamma-
sensors, installed on steam pipelines. Volumetric p-activity of steam is measured in steam pipelines. In
addition, volumetric p-activity of steam is measured at ejectors outlet and in the deaerator with
sensitivity of lxlO"11 Ci/litre. Minimum detectable leak into the secondary circuit from the primary
circuit is 0.5 kg/h.

2. FLOATING NUCLEAR WATER DESALINATION STATION WITH DISTILLATION
DESALINATION PLANT

At present, sea water desalination is one of perspective lines in nuclear energy utilisation. Acute
shortage of fresh water in many regions of the world is an incentive factor here.

The station represents a barge on which the KLT-40-type reactor plant, the steam-turbine plant
and the desalination facility with the potable water preparation block are mounted (Fig. 4) [2]. Key
characteristics of the station are given in Table II.

Table II Key characteristics of nuclear station with distillate desalination plant

Characteristics
1. Thermal power of reactor, MW
2. Potable water capacity, m3/day
3. Number of desalination facilities, pieces
4. Electric power supplied to coastal grid, MW

Value
2x148

up to 80,000*
4

up to 40

* The capacity is determined by requirements of potential customer

The reactor plant generates superheated steam in steam generators, from which the steam is
supplied to a condenser and back-pressure turbines. Heat from the back-pressure turbine's condenser is
transferred in a desalination facility's steam generator through an intermediate circuit. Coolant pressure
in the intermediate circuit exceeds the pressure in the secondary circuit, thus excluding ingress of
radioactive substances into the intermediate circuit and the distillation facility at the loss-of-integrity in
the heat exchangers.

A condenser is made of two individual sections separated on cooling water supply, which are
joined by a common steam exhaust nozzle and by communicated condensate collectors. The condenser's
cooling water path, inlet and outlet nozzles, water chambers, tube sheets and cooling tubes are made from
titanium alloy. Its shell is fabricated from a conventional steel, the condensate collector is made from a
stainless steel. Steel shell-to-titanium tube sheet joint is sealed by a gasket.

2.1. Distillation desalination facility

Potable water production by distillation desalination facilities prevails now in its world wide
production. Desalination facilities with horizontal-tube film evaporators are considered as the best ones
in terms of technical and economic performances and prospects of producing relatively cheaper potable
water [3]. An example of these distillation systems is being operated at the nuclear powered desalination
complex in Aktau (Kazakhstan).

The flow diagram of a distillate desalination plant is given in Fig. 5. The desalination facility
DOU GTP-20000 consists of a steam generator, 20 evaporation stages, three regenerative heat
exchangers, a deaerator, a water-jet ejector, a sea water heater, a distillate cooler, a antiscale reagent
injection unit, sea water filters, a sea water self evaporator tank, a distillate collector tank, centrifugal
pumps for sea water supply, brine and distillate removal pumps.
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1 - coolant; 2 - steam generator; 3 - preheater; 4 - evaporation stage; 5 - deaerator; 6 - water -jet ejector;
7 - sea water; 8 - distillate to the consumer; 9 - distillate cooler; 10 - filter; 11 - sea water; 12 - sea water
concentrate tank; 13 - distillate tank; 14 - sea water with increased salt concentration; 15 - chlorination;
16 - anti - fouling additive inlet; 17 - sodium sulfite inlet; 18 - gas -jet ejector

Fig 5. Desalination plant flow diagram
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1 - reactor; 2 - primary circuit circulation pump; 3 - steam generator; 4 - turbo - generator;
5 - sea water; 6 - condenser; 7 - secondary circuit electric pump; 8 - medium pressure pump;
9 - recycle pump; 10 - ultra - filtration membranes; 11 - energy recovery system;
12 - high pressure pump; 13 - R.O. membranes; 14 - outfall structure; 15 - potable water pump;
16 - potable water storage tank; 17 - anti - salant injection system; 18 - clarified water tank; 19 - prefilter

Fig.6 Principle Flow Diagram of the complex
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I - storeroom; 2 - R.O. control room; 3 - galley; 4 - D/G Compartment; 5- recreation lounge;
6 - masters cabin; 7 - crew cabin; 8 - R.O. compartment access hatch; 9 - switchboard

Fig.7. R.O. Desalination Barge
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1 - reverse osmosis module (15 off);
2 - ultra - filtration module (18 off);

3 - injection station and service modules;
4 - accommodation area;

5 - ultra - filtration capacitance tanks;
6 - R.O. output tanks;

7 - piping well

Fig.7. R.O. Desalination Barge (cont'd)



The desalination plant's SG is an evaporating-type heat exchanger, in which hot water is driven
within the tubes, while the distillate flows in an intertube space. Steam generated in intertube space is
liberated from moisture drops in a separation space of the evaporator and directed to a heating chamber
of the first horizontal-tube film evaporator. Steam condensate is returned from the horizontal-tube film
apparatus into the steam generator.

An evaporation stage includes two main functional units: evaporation and heating sections. The
evaporation section is arranged from two horizontal tube bundles, central and two end steam chambers.
Horizontal shroud-tube heat exchangers-heaters, in which heat is exchanged between steam which is
blown-off from the evaporation section's tube bundles and sea water, are attached to the end steam
chambers. Protection of the heat exchange surfaces from scale deposits is provided by antiscale material
PAF-13A which is injected into sea water, and by sulfamine acid which partially reduces alkalinity.

The regenerative heat exchanger is an apparatus where heat exchange is effected between
distillate, brine and input sea water supplied to an evaporator column. Here two non-mixed flows (i.e.
distillate and brine) move in an inter-tube space, while two parallel flows of sea water move within tubes.
The deaerator is a heat-and-mass exchange apparatus where sea water is deaerated. The deaerator
contains two key parts: a horizontal-tube heat exchanger and a deaeration stage located under the heat
exchanger-condenser.

The water-jet ejector is intended to create and keep a vacuum within the plant. It removes non-
condensable gases from the deaerator and evaporators. Sea water is used as a working fluid here. The
water heater is intended to simultaneously heat up input sea water and to cool distillate produced. The
heater represents a shell-tube heat exchanger in which sea water flows within tubes, while a distillate
flows in an intertube space. The distillate cooler is intended to cool the distillate produced in the facility.
The apparatus is a vertical shell-tube heat exchanger, in which cooled distillate flows in an intertube
space upwards. Film of cooling fluid flows within tubes downwards.

The following structural materials are used for above mentioned equipment items: aluminium
brass with arsenic for heat-exchange tubes in evaporators, copper-nickel or titanium alloys for tubes in
heat exchangers and condensers, stainless steel for equipment items contacting sea water, carbon steel for
the rest items.

2.2. Potable water preparation unit

A process diagram of the potable water preparation unit (Fig. 4) is based on a filtration
technology, which ensures a production of drinkable water of a calcium group of carbonate grade from
distillates. Enrichment of distillates by calcium hydrocarbonate is carried out by preliminary injection
and solution of blown carbon dioxide in it and by filtration through a calcium-carbonate bed. Sorption
purification of enriched distillates is provided also by filtration through a bed of activated coal. Water
conditioning is carried out by fluoridation, desinfection and stabilisation. Quality of the potable water
meets the standards of the World Health Organisation.

3. FLOATING DUAL-PURPOSE COMPLEX FOR ELECTRICITY AND POTABLE
WATER PRODUCTION USING REVERSE-OSMOSIS TECHNOLOGY

Earlier, at the IAEA technical committee meeting (1993) it was shown that a complex, which
combines a condensation turbine and a reverse-osmosis desalination facility, could be considered as most
preferable from the view point of efficient utilisation of thermal energy generated by nuclear reactors for
co-production of potable water and electricity [4].

A conceptual design of a nuclear floating dual-purpose complex with two NSSSs of KLT-40-
type and reverse-osmosis desalinators is being carried out now jointly by institutions of MinAtom of
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Russia and "CANDESAL Inc." The nuclear floating complex seems an attractive and flexible solution to
attain an optimum relation between both potable water and electricity outputs, thus meeting specific
needs of any customers. This relation can vary from maximum production of potable water up to
maximum electrical power output.

The nuclear dual-purpose complex consists of two floating structures, i.e. a floating nuclear
power plant - FNPP (see Section 1) and a ship for potable water production from sea water by the
reverse-osmosis method (Fig. 5) [5]. Electricity generated by the FNPP is partially transmitted to the
potable water-production ship and the rest of electricity is delivered to coastal consumers.

The system integrates the proven sea water desalination technology and NPP technology in a
single complex, where both installations are coupled by electrical and heat links. Electricity energises a
reverse-osmosis process. Thermal link is effected by a waste heat which is released in a process of
electricity generation. Waste heat is removed by sea water which cools the condenser and is used as a
feed water for the reverse-osmosis system. This flow scheme improves an efficiency of sea water
purification process by more that 30%.

Design of the reverse-osmosis system developed by "CANDESAL Inc." is based on utilisation of
helically coiled membranes of enhanced permeability produced by DonFilmTech. Sea water from the
FNPP turbine's condenser at temperature by 10 °C higher than the ambient sea water temperature is used
as a feed water for the reverse-osmosis system. Initially water flows through modules for preliminary
treatment by ultrafiltration. Then filtrate is directed to accumulator tanks, from where water is supplied
to reverse-osmosis modules. Feed water is pressurised up to 7.0 MPa. Filtrated water is collected for
temporal storing in potable water tanks, then it is delivered to an external distribution system. Salty
concentrates are discharged into the sea. Preliminary chemical treatment is provided for feed water and
subsequent treatment of potable water. Principal lay-out of the desalination complex vessel is depicted in
Fig. 7, and its basic characteristics are given in Table HI.

Consequently, the floating complex of an FNPP and an RO system is capable of producing up to
100,000 t/day of potable water and up to 40 MW of electricity simultaneously, or up to 60 MWe with
idle desalination facility. The design includes collector tanks for both ultra-filtrate and desalted water,
which are located at the bottom part of the vessel. Operation premises, cabins for crew and control
boards are located on the upper deck.

Table III Basic characteristics of complex for production of electricity
and potable water by reverse-osmosis

Characteristics
1. Max. net electrical output, MW
2. Sea water flow to FNPP condensers, m3/h
3. Water warm up in FNPP condensers, ° C
4. Sea water temperature (design), ° C
5. Total amount of solid particles dissolved in sea water, ppm
6. Water flow to RO system, m3/day
7. Pressure energy recovery in RO system, %
8. Potable water flow rate, m3/day
9. Potable water facility power load, MW

Value
2x30
5400

10
18

38,500
259,000*

43
100,000
18-19

*) Defined by sea water flow to FNPP condensers
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Proven technology, successful experience of long-term operation of prototypes, possibility of
wide variation in relation of electric power, potable water and heat production capacities are the
advantages of the floating complexes under consideration.

Multiyear operation experience with similar equipment, structural materials and instrumentation
means gives grounds to recommend them as analogues for creation of new prospective floating nuclear
stations intended to produce electricity, potable water and heat.
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