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Abstract

This paper recommends the use of pool-type light water reactors for thermal energy
production. Safety and reliability of these reactors were already demonstrated to the public
by the long-term operation of swimming pool research reactors. The paper presents the
design experience of two projects: Apatity Underground Nuclear Heating Plant and Nuclear
Sea-Water Desalination Plant. The simplicity of pool-type reactors, the ease of their
manufacturing and maintenance make this type of a heat source attractive to the countries
without a developed nuclear industry.

1. Introduction

More than 35% of primary energy resources are consumed for the need of heat supply
of towns and villages in Russia. This figure illustrates the fact that the heating market in
Russia is rather vast, and the demand of thermal energy is vast too. At present this
demand is satisfied by using fossil-fuel heat sources. The contribution of nuclear
sources to the heating market is negligible and connected, first of all, with district heat
supply from NPPs.

During the last time in Russia the trend of becoming more expensive of fossil fuel and its
transportation costs is clearly seen. These factors lead to increasing of the thermal energy
cost. The heat is specific kind of energy - it cannot be transferred to a long distance and
must be consumed at the place of its generation. The burning down of a big quantity of
fossil fuel at the one place leads to the local ecological problems and impacts to the health
of people. Therefore in Russia the population sometimes protest against new fossil-fired
power plants construction (as an example, the scandal in Moscow with construction of North
power plant in 1993). In the face of public opposition some local governments in Russia
adopted ecological laws which obliged the power plant operators to pay compensation for
environment pollution. For this reason the thermal energy becomes more expensive.

The mentioned above obstacles force the Russian government to find alternative of existing
energy sources of heat. The nuclear option was discovered as a reasonable one, therefore
AST-500 NHPs were built in the Nizny Novgorod and Voronez. The State Program of North
Regions development was adopted in Russia. This Program foresee the nuclear option for
improving of North regions heat supply. Russia has positive experience of nuclear heating.
More then 25 yrs in the small town Bilibino in Chukotka the four water-graphite reactors of
Bilibino NPP (4x[12MW(e)+16Gkal/hour]) have been supplying the town by ecology ciean
thermal energy.

However the severe accidents at Three-Mile-lsland and Chernobyl NPPs shake the public
trust to the national nuclear power and in spite of the fact, -that the designs of AST-500
NHPs were examined by the international expertise with excellent result, both of them was
not commissioned yet and its buildings and facility are used for other purposes.

During the last decade in the world, as well as in Russia, one can see the tendency of
terrorism rise and the rise in number of local military conflicts. As a result the public feel
ourself like a hostage of the nuclear objects. Such a situation bears additional objectives
against the construction of NPPs in spite of the existing economic advantages.

Taken into account the last affirmation it was adopted the State Program on Environmentally
clean power in Russia. Along with other decisions, this program foresees the underground
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arrangement of NPPs. Underground arrangement of nuclear facilities makes the physical
defense of the object very strong and it may withstand against internal and external severe
impacts including diversion and military actions.

Research and Development Institute of Power Engineering (RDIPE) developed the
conception of NHP supported by following main statements:

• the nuclear source must be as simple as possible and supported by the well-checked
technologies;

• the nuclear source must be cheap and competitiveness in comparison with other types
of heat sources;

• the nuclear source must posses as much inherent safety properties as can be reached
at the present level of nuclear technology development;

• the nuclear source must be protected against diversion and military conflicts;

• for the aim of acceptability, the design of NHP must be well-understood, in other words,
it must be available for people without deep technical knowledge.

This conception results an idea of pool-type heating reactor RUTA. The RUTA reactor
design is based on the existing pool-type research reactors. It was found that RUTA reactor
is convenient for underground location.

The review of the problem concerning the underground location of NHP (UNHP )shows that
positive decision about constructing of this kind of objects depends considerably on the
local conditions of the site, namely:

• local fuel price including transportation;

• the availability of heating network at the site;

• the environment conditions;

• the availability and readiness of local industry;

• the public opinion relating to nuclear power.

The above mentioned conception was used in two designs of RDIPE:

• the design of RUTA UNHP for Apatity (Kola peninsula);

• The conceptual design of desalination plant for Israel.

2. The Apatity Underground NHP RUTA project

2.1. Reactor design

The RUTA.55 reactor unit is a simple nuclear heat source designed to supply 55 MW of
thermal energy as water at 85C. As shown in Fig.1 it is a pool-type reactor designed to
operate at atmospheric pressure, thus eliminating the need for a pressure vessel.

The reactor core and a primary heat exchanges are in the pool contained inside a steel-
lined concrete vault. Pool water serves as the moderator, heat transfer medium and
shielding. Primary heat transport from the core is by natural circulation of the pool water
through plate-type heat exchanges located in the pool.

The secondary circuit delivers heat to the distribution system by way of the secondary plate-
type heat exchanges. The pressure in the secondary circuit is higher then in primary circuit
and the pressure in the distribution system is higher then in the secondary circuit, thus the
customer protection from a radioactivity is ensured.

Absorber rods under computer control are used for load following. Periodic adjustment of
these absorbers compensate for fuel bumup. All the absorber rods will fall down to the core
in case of several accidents or necessity of fast reactor shut-down.
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Pool water is continuously pumped through ion exchange columns to maintain water
chemistry and control corrosion.

The reactor pool is covered by a lid enclosing a gas space over the pool. The air and water
vapor are continuously circulated through a purification system and hydrogen recombiner.
The inherent safety characteristics of the RUTA reactor design include a negative fuel
temperature reactivity coefficient and negative coolant temperature and void reactivity
coefficients, all of which alleviate power transients following loss-of-regulation. Fig. 2 shows
some of the transients. In addition to the inherent safety features:

• large volume of water in the pool delays the core temperature rise for a long period;

• natural circulation of water in the pool ensures the core cooling in any accidents;

• atmospheric pressure in the pool makes impossible loss-of-primary coolant caused by
depressurization.

Major parameters of RUTA.55 reactor are presented in table 1.

TABLE 1. MAJOR RUTA.55MW CHARACTERISTICS

Parameter

Power, MW

Coolant pressure, Mpa:

in primary circiut (above the pool level)

in secondary circuit

in heating network

Coolant temperature, *C (inlet/outlet):

in primary circuit

in secondary circuit

in heat-supply system

Number of secondary circuit loops

Water circulation in secondary circuit

Dimensions of the core, m

height

equivalent diameter

Fuel

Enrichment, %

Fuel burnup, MWxday/kg

Number of FA

Time interval between

partial refuelling, years

Fuel lifetime, ef.days

Linear heat flux, W/cm

average

maximum

Value

55

atmosphere

0.4

0.6 - 2.0

75/100

66/90

60/85

2

Forced

1.2

2.03

UO2

3.6

27.5

169

3

2970

50

102
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2.2. The Apatity NHP design

Apatity town is located in the Russian North in Kola peninsula, close to the Hibiny mountain
massif. Apatity UNHP consist of 4 RUTA.55 reactor units. As shown in fig. 3 these units are
arranged in horizontal drifting of a mountain. This mountain is located in the close vicinity of
the town center ( less then 4 km.). The UNHP serves for heating of the existing heating
network return water. The heated water after UNHP is directed to the existing coal-fired
power plant for heating up, if necessary, to ensure required temperature level (Fig.4). The
load factor of UNHP will be more then 90% and UNHP supply 75-80% of annual town
heating demand.

Vent, raise

1 - ventilation level workings; 2 - haulage workings;
I - IV - reactors

Fig. 3.

Two long-term economic situations was estimated in the design:

• continuation of the coal-fired existing power plant operation (old mode);

• incorporation of the UNHP RUTA in the local heating network and it operation along with
local power plant (new mode).

The comparison show that energy cost in new mode will be half as much the old one. As
shown in Fig. 5 the thermal energy cost of UNHP depends of the unit power and if the unit
power will be more then 20 MW the UNHP will be competitive in comparison with altemate
available heat sources ( coal-fired, gas etc.).
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1. Reactor
2. Core
3. Primary heat exchanger
4. Pool water purification system
5. Gas purge system
6. Secondary circuit
7. Rock mass

8. Passive opened gills
9. Radiators

10.Secondary heat exchangers
11 .Reserved and peak boiler
12.Flow Switching Station
13.Network pump
14.Heating network

Fig. 4.

in case of electric heating up

from Apatity coal-fired HPP

from alternative gaz-fired HPP

from underground NHP RUTA

30 60 90 120
Reactor thermal power, MWt

Cost price of thermal energy (1992 yr.)

Fig. 5.
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Existing Apatity coal-fired power plant with thermal power 700 MW for heat supply ( annual
electricity output is 500 mln. kW-hour and heat output - 2 mln.Gkal.) takes about 1 mln. ton
of Pechora coal. The coal is sulphide and has the high ash content. Annually the power plant
throw out to the air about 10,000 ton of ash, 31,000 ton of SO2, 5,000 ton of NO2 and other
pollutants. The application of RUTA UNHP allows to enhance cardinally the town
environment.

2.3. Project status

Technical and economical investigation of the project was performed during 1992-1994 yrs.
In the late 1994 a local government adopted the project. In the middle of 1995 it was
created the RUTA Joint-stock company in the Apatity town for the project implementation.

3.The conceptual design of desalination plant for Israel.

3.1. Project background

It is quite clear that in the present market situation the nuclear seawater desalination plants
(NSWDP) shall be competitive with conventional non-nuclear plants.

Research and Development Institute of Power Engineering (RDIPE),Mining Institute of Kola
Science Center and UralNIIKhimMash offer high-safety RUTA NSWDP which meets the
above mentioned requirements. In designing and construction of RUTA NSWDP the field-
proven advanced technologies are used.

The RUTA NSWDP project envisages underground nuclear plant on the base of RUTA. 55
reactors and ground based desalination plant. The NSWDP is located near Red Sea. With
reference to the Mediterranean Sea, the performance of RUTA NSWDP will be better.

3.2. Description of RUTA NSWDP

The NSWDP operates on the principle of thermal distillation of sea water in horizontal film
apparatus. Desalination is effected at water boiling temperature of 78*C in the first stage of
the desalination plant. The desalinating plants of the considered design have the best
performance as compared with other plants at the given level development of engineering
and technology. The schematic of the NSWDP is illustrated in Fig. 6. Three circuits belong
to the reactor plant and the forth circuit is designed for generation of steam used as heating
agent in distillation units. The heat from the circuit-to-circuit is transferred via heat exchange
surfaces. Even in case of loss of leaktightness of all heat exchange surfaces, the fouling of
the coolant of the fourth loop in contact with the final product-distillate- is completely
prevented due to blocking ratio of pressures in the reactor plant loops 1 to 3: the coolant
pressure in secondary circuit is higher than in primary circuit.and that in third circuit, higher
than in secondary circuit. The fourth loop operates under vacuum. The project is based on
two unit underground nuclear plant RUTA of thermal capacity of 2x55 MW. The NSWDP
RUTA uses electric power from external sources.

3.3. NSWDP Performance Data

Nominal thermal power of the plant, MW 2x55

Uranium loading, t 2x5.942

Uranium enrichment, % 3.6

Fuel lifetime, year 9

Desalinated water production, t/h 1200

Annual power consumption, mln.kWh 54
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Investments, mln.$ (1994) 165

including: nuclear power plant 55

desalinating plant 65

interest on capital during construction, infrastructure, etc 45

Running costs, mln. $/y 27

Desalinated water cost, $/m3 2.7

In considering a non-nuclear option accidents due to fossil transportation should be taken
into account which, according to the experience, could lead to contamination of vast
territories of ground and sea.
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Fig. 6.

3.4. Special project features

The results presented herein are tentative and can be refined both in engineering and
economical indices due to an important role of the type-design adjustment to the local area.
The cost of the desalinated water can be both larger and smaller. The major factors for cost
reduction:

• lower capital investment required;

• reduction of bank interest during construction;

• reduction of construction period.

The cost of uranium fuel and electricity practically no effect on the cost of the final product.
Lower capital investments can be attained due to supply of equipment and construction
machinery (especially for mine works) from Russia. Large-scale production of such NDPs
will also reduce the cost of the desalinated water.

4. Conclusion

The heating market in Russia is vast, but nuclear contribution into this market is negligible.

The heat becomes more expensive due to rise in price of fossil fuels.

The burning of big quantity of fossil fuels leads to local ecological problems and public
protests.
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The nuclear alternative seems to be reasonable, but contrary the earlier development period
it becomes much less popular.

Underground arrangement of NHPs allow to bring the nuclear heat closer to customer
without risk.

Russia has State Programs, which foresee the non-electrical application of nuclear energy.

Nuclear source for heat generation must be simple, cheap and safe.

Pool-types reactors have a big potential for district heating, sea water desalination.

The simplicity of pool-type reactors, the easiness of its maintenance and manufacturing
makes this type of heat source attractive for States without developed nuclear industry.
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