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FOREWORD

Nuclear power has already for a long period played a very important
role in the production of electricity and during 1986, the 394 nuclear
power plants in 26 countries, with 270 GW(e; total net capacity generated
nearly 16% of the total electricity production in the world. This
production corresponds to about 560 million tonnes of equivalent coal. If
the present growth is maintained and if there are no cancellations and no
slow-down in the implementation of planned projects, the worldwide nuclear
power capacity is expected to be around 370 GW(e) by 1990, with nuclear
power contributing 20% of the world's electrical energy supply.

Besides generating electricity, nuclear reactors can also supply heat
as a primary energy for heating purposed and for industrial needs.
Technical and economic studies in several countries have shown that the
heat delivery from nuclear sources is in many cases competitive with
fossil-fuelled plants and is contributing at the same time to the
cleanliness of the environment. Low-temperature nuclear heat gained as a
co-product of electricity from nuclear power plants (co-generation)is used
already in a number of countries for the supply of warm water or steam
from very different types of reactors and at various capacities. Compared
with nuclear co-generation plants the specialized nuclear heating plants
are in an early stage of development and Implementation.

The IAEA reflected the needs of its Member States for the exchange of
information in the field of nuclear heat application already in the late
1970s. In the early 1980s, some Member States showed their interest in
the use of heat from electricity producing nuclear power plants and in the
development of nuclear heating plants. Accordingly, a technical committee
meeting with a workshop was organized in 1983 to review the status of
nuclear heat application which confirmed both the progress made in this
field and the renewed interest of Member States in an active exchange of
information about this subject. In 1985 an Advisory Group summarized the
Potential of Low-Temperature Nuclear Heat Application; the relevant
Technical Document reviewing the situation in the IAEA's Member States was
issued in 1986 (IAEA-ThCDOC-397). Programme plans were made for 1986-88
and the IAEA was asked to promote the exchange of information, with
specific emphasis on the design criteria, operating experience, safety
requirements and specifications for heat-only reactors, co-generation
plants and power plants adapted for heat application. Because of a
growing interest of the IAEA's Member States about nuclear heat employment
in the district heating domaine, an Advisory Group meeting was organized
by the IAEA on "Low-Temperature Nuclear beat Application: Nuclear Power
Plants for District Heating" in Prague, Czechoslovakia in June 1986. The
information gained up to 1986 and discussed during this meeting is
embodied in the present Technical Document.

It is hoped that this report would serve the IAEA Member States as an
useful technico-economical information about the status of the use of
low-temperature nuclear heat and give ideas to those who are intending to
employ this source of heat as substitution for fossil fuel.
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1. INTRODUCTION

In 1986 - as expected - nuclear power reactors worldwide have
accumulated 4000 reactor years of operation. The 394 nuclear power plants
(NPP) In operation by the end of 1986 in 26 countries with 270 GW(e)
capacity gave nearly 16% of the world's electric energy.

For more than 30 years the NPPs are playing an Important role in the
safe and reliable generation of electricity. Public confidence, shaken by
the Three Mile Island accident, was coming back and until spring 1986 some
hesitating countries started to decide in favour of nuclear power. The
Chernobyl accident in late April 1986 changed again the situation rapidly:
The situation differs from country to country and in some of them it may
slow down the development of nuclear power, in some it may even lead to
the deferring of nuclear programme. Before Chernobyl in the IAEA's
calculations the forecasts for nuclear generating capacity was some 40O
GW(e) around the year 1990, what should give more than 20% of nuclear
share in the world electricity generation total. It is conceivable that
these figures may be affected. Most countries with developed nuclear
installations are, of course, well beyond the point of no return from the
nuclear programme. The Director General of the International Atomic
Energy Agency, Dr. U. Blix, stated in his speech on June 2nd 1986 at the
opening session of the ENC'86 Conference in Geneva what measures must now
be taken - mainly in joint international programmes improving nuclear
safety and nuclear power plant operations to avoid another nuclear
accident of this nature. Even If possibly slowed down, it can be foreseen
that nuclear power will significantly contribute to the overall energy
supplies in the future.

It is well known that the substitution of nuclear sources for fossil
fuelled ones in electricity production is proceeding much faster than in
the heat provision area. Still, more than one third of fossil fuel is
consumed for heating purposes In the communal as well as in the industrial
domaine.

In spite of t lia t the IAEA, when selecting information from the Member
States about their interest for employment of nuclear heat, found out that
most of the studies or prospective plans are considering the nuclear heat
use for district heating.



2. HEAT SOURCES FOR DISTRICT HEATING

The heat needs in industrialized countries are rather high and as
already mentioned above, in several of them even more than one third of
the fuel currently used is being consumed for heating houses and for
supplying industry with process heat. Should these amounts of fossil
fuels be saved by replacing them with nuclear generated heat, it could (a)
bring high savings in the countries' fuel economy, (b) save these products
as valuable chemical raws and (c) contribute to the cleanliness of the
environment.

In the USSR, where large demands for heat occur, the production of
heat in the form of hot water and steam consumed in 198O more than 600
million tons of equivalent fuel. It is therefore not surprising that this
large country with high heat needs started already long ago to use the
nuclear heat as a substitute for fossil fuels and is constantly paying an
even increasing attention to this way of heat provision. They are,
however, much smaller countries with a similar policy: as an example
Switzerland can be introduced, where according to the " Bundesamt fuer
Energiewirtschaft" studies were made confirming the advantage of nuclear
heat application substituting for fossil fuel with a good efficiency and
economy and with a substantial contribution to the improvement of the
envi ronment.

The heat policy of each individual country is usually a complicated
task and, as it was already shown in the IAEA TECOÛC-397, the ways of heat
provision are very much "country-specific". When a decision is taken to
build up centralized district heating systems (CDHS), not only the
corresponding heat sources are to be developed but all other parts of the
systems have to be implemented as well, such as heat feeding network, heat
exchanger stations etc.

Only in a few countries with a long tradition of existing CDHS
conditions were so positive that further development of larger CLHS became
a logical step in the medium and long-term prospective plans. In several
other cases the development of CDHS was found too costly and therefore
several compromises were accepted in some countries (.outlooking, of
course, from political constraints, the public attitude etc.;.

Some general views featuring the philosophy of the selection of the
most suitable technology serving as future heat source for district
heating (Drij system are introduced in the following sub-chapter.

2.1 General approach to the selection of heat sources for the DH

Choosing among technology options is one of the most complex
questions which have to be solved by the decision-makers. At an early
stage of this decision process some very important preparatory steps are
to be made and several analytical documents have to be prepared, such as:

long-term heat consumption forecasts as a part of the long-term
country's energy policy

- assessment of different technologies acceptance by the public



- assessment of the feasibility of the candidates technologies in terms
of their availability with respect to the infrastructure, economy,
safety, environmental impact etc.
Several computerized evaluation models exist for the energy planning

as well as for the technology assessment. This type of planning studies
with the assistance of the IAEA experts were and are being developed for
several Agency's Member States.

For the further step of decision, i.e. the choice of implementing a
proven technology in the district heating system, the so-called TCM
methodology (technology choice model) can be used, enabling

structuring of the problem,
- assessing possible impact of alternatives,
- determining the value structure, and
- synthesizing the information of previous steps to evaluate and

compare alternative actions.
Basically this model balances six important criteria, i.e. environmental
impact, health and safety, socio-economic effects, public attitudes,
feasibility and economy, when comparing technologies for the identified
prime site.

As said, the IAEA was assisting for a long time the Member States in
their case studies related to energy planning and in a similar way it can
help in selection studies for ways to cover the country's heat needs,
mainly in connection with the nuclear heat application.

2.2 Implementation of nuclear heat sources
In several countries, mainly in countries with high heat needs, the

combined production of electric power and heat (co-generation - CHP), now
appears to be the most rational method of exploiting fossil as well as
nuclear plants. A French comparison of heat generating costs (in French
Francs in 1986) is introduced in Table 1.

TABLE 1. COMPARISON OF HEAT GENERATING COSTS (FF/kWh-1986)

PWR, NP 300 typ«'
950 MWth <2)

(1)
THERMOS reactor
100 to 2OO MWth

Delivery from EOF
power plants, 3OO
to AGO MWth (1)

Oil-fired plant1'

Coal-fired plant

Plant
depreciation

6,90
5,37

6,12

0,77

1,56

Fuel
cost

2,28
1,77

2,70

8,70

12,40

Labour
coat

6,61
0,47

2,85

0,36

0,48

Electric
power
consumption

0,35
0,35

0,35

0,17

0.35

Maintenance
and

servicing

1,24
0,96

1.19

1,08

2,17

Total
coat

11,38
8,92

13,21

11,03

11,08

16,96

(1) 4 200 h/year
(2) S 400 h/year



Figures in Table 1 show Chat the lowest costs of 1 ktfh(th) are
reached by heat and electricity co-generation in the NPP (PWR-equipped)
with a long enough yearly operation tiae (5400 h/year). It is well known
that under present technico~economic conditions, nuclear power reactors,
compared with conventional power units, are characterized by higher
construction costs and lower costs of fuel. So a nuclear reactor
dedicated to heat production must be operated at full base load for a long
period in the year; usually the figure of 4000 h/year is given as a limit.

Concerning the fossil fuelled plants, the actual exploitation of fuel
for the combined production in reconstructed condensation power plants
with regard to producing heat is smaller than in new fossil heating
plants. This is reflected mainly in the coefficient of utilizing the
production of electricity under the combined method of producing
electricity and heat, i.e. in a higher fuel consumption. In spite of
this, this method is capable of providing the necessary heat, or can be
used to replace smaller municipal and industrial heating plants, which
burn fossil fuels of quality, at lower investment costs. This is of
concern mainly for countries which for any reasons decided not to
implement nuclear heat sources.

On the other side ~ when a nuclear power source operated for a long
year-period in a full base power load mode has to co-operate with other
local peak power sources in supplying heat to a centralized heating
system, several technico-economic questions are to be solved, such as:

the achievement of high efficiency in the energy conversion and
effective consumption of heat from nuclear power source with
optimized lost electric power output

replacing fossil fuels by nuclear heat to a maximum possible extent
- optimization of the co-operation of Individual heat sources of the

centralized heating system generating lowest heat production costs
(optimization of the so-called system and plant factor h)

minimization of investment costs of the centralized heating system.

A nuclear power source cannot be for objective reasons built
immediately in the centre of electricity and heat consumption. This means
that the heat has to be transported to the place where it is consumed by a
system of heat feeders whose efficiency depends again on the required
transmitted power and its annual exploitation.

The necessary condition of effective exploitation of classical and
nuclear condensation power plants for producing heat is the existence of
centralized heating systems, which can be enlarged gradually by
integrating (Interconnecting) regional and local heating systems. In
founding these systems, the basic investments include the costs of feeding
the heat from the power plant to the place of consumption and costs of
connecting the local centralized heating systems, i.e. of the main heat
feeder and the local heat feeders. These costs are usually shared between
the heat supplier and the consumers (municipalities, factories, etc.).

An effective design of the whole system can be achieved by correctly
estimating the growth of heat consumption in the consumer network, correct
choice of the operation characteristics of the heat-carrying medium and of
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the source, i.e. the correct choice of the coefficient ah. Any
inaccuracy in these calculations will be reflected in the effectiveness of
the future production more markedly than if the heat is supplied from
local sources.

The attraction of a district heating network, can be shown on its two
main characteristics, i.e. the remote heat supply and the collective heat
distribution. AS regards the first characteristic the feeding of the
network by different sources gives a flexibility in following the load
output in time and facilitates to get through outages due to local
repairs, maintenance etc. The collective distribution gives the
possibility to use the "centralized heat" in different amounts on
different parts of the network. Thus this "size effect" leads to lower
costs, because the distribution between various sources concerns also the
sharing of the average investment, operation and maintenance changes as
well as fuel changes.

Regarding the "installed power" and "connected power", French
experience *) show that, "because of the non-simultaneous nature of calls
and the reserve energies for start-up, the power necessary to satisfy the
real needs is lower than the sum of the subscribed (or connected) powers.
To take this factor into consideration, an abatement is applied: 102 for
2000 flat equivalents, 252 for 60 000. On the other hand, the guarantee
of delivery to the consumers implies a diversification and a reserve of
means; the installed capacity is 25% higher than the instantaneous real
power, and is shared over several sources. This is a constraint which
weights on the optimization of the installations. The two effects,
however, compensate each other for big networks."

*) See.« J. Hulst.*
"Nuclear district heating - technical and economic aspects of the
introduction of a nuclear reactor in a district heating network".
Nuclear Energy, 22, No.4, p.251 -9, 1983.
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3. NUCLEAR REACTORS FOR DISTRICT HEATING

There are in principle two main sources of low-temperature nuclear
heat, i.e. the proven reactors of NPPs, where heat is decoupled on account
of some lost power output (co-generation, CUP; and the specialized nuclear
heating plants (NHP). Because a comprehensive description of both these
sources from different views is given in the IAEA TECW)C-397, only few
additional remarks will be introduced here:
a) Low-temperature nuclear reactors mainly the PWRs (or PhWRs; are
widely used or are envisaged for nuclear heat supply in several IAEA
Member States like Canada, Czechoslovakia, Federal Republic of Germany,
Finland, France, German Democratic Republic, Switzerland and USSR. For
similar purposes also other types of nuclear reactors are used. The ChP
can be taken as a proven technology for both warm water and steam supply
in various sizes. Some additional information to relevant chapters of the
IAEA TECDOC-397 can be found in chapter 4 of this report, introducing the
status of the low-temperature nuclear heat application in the Agency's
Member States.
b) Specialized NHPs are under development in few countries and only the
2MWt SLOWPOKE ENERGY SYSTEM at Whiteshell in Canada is in operation since
1986 and two pilot plants AST-500 are nearing completion in the USSR. A
complete overview of nuclear heating plants which are now in operation, in
construction or under different stages of development in Canada, China,
Federal Republic of Germany, Finland, France, Sweden, Switzerland and
USSR, is attached to this report as Attachment 1. .

It can be seen that countries developing NHPs are following very
specific ways of their utilization: so the USSR will cover with their
AS'i-500 high heat demands in areas with high population density, the
Canadian SLOWPOKE ENERGY SYbTEM was developed mostly for the use in small
remote communities. It is;therefore very difficult to transfer these
to other countries without adaptation and therefore the utilization of
did not yet extend too much; the projects were still not proven well
enough to be ready for the international market. For larger units only a
few suitable sites can be found in countries with temperate climates and
small units are not competitive with fossil-fuelled boilers, even if it
can be expected that their unfavourable environmental effects together
with the fossil-fuel availability uncertainties will lead to NriP
implementation. In the first stage it will be in countries with developed
industry, later also in the others. The expected time horizon could be
just after the year 2000.
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4. STATUS OF THE LOW-TEMPERATURE NUCLEAR HEAT APPLICATION IN THE
IAEA MEMBER STATES

In this chapter an overview is introduced showing the status of the
low temperature nuclear heat application in those Agency member States
which participated at the Advisory Group meeting in Prague. For those who
in 1985 took part at the meeting in Wuerenlingen, relevant parts shown in
this chapter are supplements to the IAEA TECDOC-397 or a "progress report"
for the elapsed year.

4.1 CANADA

There are two main projects for the production of low-temperature
heat using nuclear power in progress in Canada at the present time, i.e.
I/ the supply of steam and hot water via cogeneration with electricity in
CANOU reactors at the Bruce Nuclear Power Development in Ontario, and 2/
the construction of the 2 MWt SLOWPOKE ENERGY SYSTEM for the production of
heat and electricity in Manitoba. The basic details of these two
projects are provided in the IAEA TECLOC-397 "Potential of Low-Temperature
Nuclear Heat Applications", Vienna 1986, based on presentations made at
the Advisory Group Meeting held in Wuerenlingen, Switzerland, 1985
September 9-13. These details will not be repeated here but

(a) as a supplementary part to the more technological description of
the bruce Nuclear Power Development as given in the above IAEA
TECDUO-397 the "energy philosophy" of an "Energy Centre Concept"
based on CANDU reactors will be presented, and

(.b; the updated status of the construction and testing schedule of
the 2 MWt SLOWPOKE ENERGY SYSTEM will be introduced.

(a) Energy Needs and the Energy Centre Concept;
A cursory review of energy consumption in ̂ anada indicates that 5O%

to 80% of energy is consumed at a temperature of less than 10O C and
200°C, that 10%-15% is consumed at temperatures between 200°C and 300°C,
less than 5% consumed at temperatures greater than 30U C. This is shown
in Figure 1. It is therefore theoretically possible for the CANDU 300
power station to provide up to 90% of the total energy demand in Canada.
This figure is not expected to be significantly different for most areas
of the world.

Practical and economic limitation primarily associated with energy
distribution, significantly reduces this potential, however careful
optimization of the CANDU 300 energy system for particular energy centre
applications should satisfy a sizeable remaining market.

In the Energy Centre Concept, one or more CANDU 300 units are the
focal point of an energy delivery system. Various energy users are
positioned around the power stations such that there is an optimum
arrangement for energy delivery and utilization.

A large number of possibilities exist for combined energy systems
consisting of electricity, high temperature process steam and lower
temperature steam and/or water for district heating. These can be readily
tailored to the individual requirements of each area.
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ENEMY CONSUMPTION IN CANADA

100 |-

Figure 1.
Energy Consumption in Canada

Figure 2 describes possible energy system based on the CANUU 3OO
nuclear steam supply system, serving the total energy needs of a large
geographic area. Both high grade energy users (industrial and process
users of high and intermediate pressure steam> and low grade energy users
(agriculture, fish farms, and district heating) are located near the power
station. The final energy distribution system must be designed to meet
the needs of each area, based on factors such as user requirements,
climate, terrain, and the degree of industrial development.

Figure 2.

A Possible Energy System
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Energy systems can be designed to cater for the energy demands of the
most areas with new industries established within the Energy System area
as appropriate. In many cases it is feasible to serve reject heat from
"high quality" energy users to "low quality" energy users.

The standard CANDU 300 produces about 1230 MW(th; of steam at 4690
kFa(a) pressure. Steam pressure can be increased to 5000 kPa(aj by
increasing steam generator area, a fairly minor design change. À more
significant, but technically feasible design change, incorporating two
small steam generators through which the primary coolant passes in series
(Figure 3; would permit a portion of the thermal energy to be extracted at
even higher pressures. For example 40% of the energy at 6900 kPa(a).

REFERENCE STEAM GENERATOR
ARRANGEMENT

HÖH PRESSURE STEAM

LOW PRESSURE STEAM

— FEEOWATER

PMMARY COOLANT

ALTERNATE «TEAM GENERATOR ARRANGEMENT

CANDU 10« •TEAM SUPM.V SYSTEM

Figure 3. Arrangement for High Pressure Steam Production

The energy (steam) from the CANLU 300 can be utilized in a wide
variety of ways, and combination of ways.

The relationahip between electrical energy production and process
heat production for the case when 100% of the steam is passed through a
turbine and process heat utilized at turbine exhaust conditions is shown
in Figure 4.
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WITH TUBBWt BACK PMSSUfll

ClCCTMCU OUTPUT

Figure 4.
Electricity va Power

In most energy system applications however steam would be provided at
a variety of pressures to meet user requirements, utilizing both direct
and extraction steam supplies. This is shown in Figure 5.

1 SIMm Irom NSP
2 High prMMira M*xn to procM« men
t High primin MMKI w Vf TvfMn*
4. S. • lntafiMd4»t« pranur» ««tractlan

T.
procw« or dtetrtct h*M

7 Low prMwra «IMm to dMrtd twM
• ExtUHMl to unit candio«»
f CondwiMr coaUng ««Mr dtectmi«

Figure 5.
Energy Delivery Systems

•Note Mwiy luftwM/gowalor cofnOKwuoni «ra pouM«.
Including N«n TG Mtt. U|>ping lurWn*. LP lunMw«. «c
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The status of the Canadian Bruce Energy Centre is essentially
unchanged from the last report. The heat is meant to be used for
industrial processes rather than district heating. Difficulties are being
experienced in attracting energy users to locate at the site, particularly
in view of current low world oil prices. Negotations are continuing with
a number of potential customers and it is anticipated that a number of
firm committments will be forthcoming.
(b) 2 MWt SLOWPOKE ENERGY SYSTEM

The current schedule for the construction and testing of the 2 MWt
SLOWPOKE ENERGY SYSTEM / S.E.S. /at Whiteshell is shown in Table 2.
Construction of the facility was begun in March 1985 and is now nearing
completion. The reactor pool and the building which encloses it have been
completed and the in-pool components are presently being fabricated and
installed.

TABLE 2. 2 MWt S.E.S. SCHEDULE

198 A NOVEMBER
1985 MARCH
STAKT EU
1986 SEPTEMBER
1986 DECEMBER

1987 SEPTEMBER

1988 MARCH

COMMITTED
CONSTRUCTION

FIRST OPERATION
CONFIRM SAFETY
CHARACTERISTICS
CONFIRM SYSTEM
RELIABILITY
AND UNATTENDED
OPERATION
DEMONSTRATE
BUILDING
HEATING
DEMONSTRATE
ELECTRICITY
PRODUCTION

It is expected that the reactor will be started up in September
19b6. It will be operated at low power at first to verify satisfactory
performance of all reactor systems and confirm safety characteristics.
Power will be increased gradually to 100%, followed by verification of
system reliability and unattended operation capability.

The reactor will be connected to the heating systems of a number of
the site buildings to demonstrate building heating capability beginning in
the winter of 1987/88. The Rankine cycle engine will be installed the
following year to demonstrate electricity production.

4.2 CHINA

The People's Republic of China representative attended for the first
time the IAEA's meetings dealing with the low-temperature nuclear heat
application, therefore the contribution gives not only the description of
the intentions to start activities in nuclear heat applications but also
the frames of a challenge for the nuclear power introduction in PRC are
explained.
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(a) Nuclear power - a challenge
Nuclear power is now widely acknowledged as a necessity in the

People's Republic of China. The reasons for nuclear power Introduction
are based on the following facts.*
- Most densely populated and better developed areas are located in

regions with a lack of indigenous energy resources.
Railways are overburdened with coal transport from the country's main
coal fields to large industrial- consumers at distances in the range
of 1000 - 2000 km.
The country's per capita conventional energy resources are rather
low, only about one half of the world's average. In comparison with
countries rich in energy resources like the USSR or the USA, the
figures are lower nearly by one order of the magnitude.
The country's per capita energy consumption is very low. In 1985 the
primary energy consumption per capita was only about 850 kg of
equivalent fuel, i.e. about one third of the world's average, and
electricity consumption per capita was about 400 Kwh, i.e. one
twentieth to one thirtieth of the corresponding figures of highly
industrialized countries. It is therefore an urgent task for this
country to seek alternative energy sources, nuclear in the first
place, to meet the growing energy demands.

(b) Potential needs of low-temperature nuclear produced heat
À number of nuclear engineers and heat consumers believe, that the

use of nuclear heat is necessary and feasible in the near future in the
People's Republic of China. Arguments favouring the use of nuclear neat
are as follows:

Space heating and low temperature process steam generation account
for 25% of the total primary energy consumption in PRO, i.e. it is
higher than the percentage used, in electricity generation. According
to some studies already made in this respect it can be expected that
the direct use of nuclear heat will not be less effective in some
areas than the co-production of nuclear electricity and heat in
mitigating the energy shortage problem.
Needs in overseas supplies of equipment and engineering services
during designing and construction of small nuclear heating reactors
are expected to be significantly less than in the case of large and
sophisticated electricity generating nuclear plants. Therefore the
participation of the country's designers, engineers and industry
could be larger and could give also more "self-determination" to the
country in developing own nuclear energy systems. Since the late
seventies unrestricted supply of cheap oil (at prices much lower than
those prevailing in the world market; has been closed. In this
connection a number of municipalities concerned with pollution
problems began to be interested in nuclear district heating.
Petrochemical works and other large industrial establishments
equipped with oil-burning cogeneration plants for covering needs in
process heat also started to look, for nuclear plants as substitutes
for the existing oilburning ones.

18



In the People' s Republic of China the existing national fuel cycle
industry is well prepared to serve the introduction of nuclear heating
reactors.
(c) Efforts made towards the introduction of nuclear heat reactors

feasibility studies on possible application of nuclear heat have been
made since early eighties.

À study on a possible application of a nuclear cogeneration plant in
a petrochemical complex was completed in 1905. This study was initiated
under the sponsorship of the State Planning Commission and carried out by
a joint task force set up by a petrochemical complex and a Nuclear
Engineering Institute. Several hundred man-years had been spent on this
study. Proposal made by the task was to build a 2 x 450 MWt PWR
cogeneration plant. Responses to this proposal were not encouraging as
the estimated construction cost of the nuclear cogeneration plant was much
higher than previously expected. •

An increased interest in nuclear district heating appeared in some
municipalities during the past few years, .such as.' Dalian, l<iqier, Haerbin
and Shengyan in the Northeast, Tianjin in North China and Langzhou in the
Northwest. The last one is a large industrial city located in a narrow
valley along the upper stream of the Yellow River with a population of
over one million. Uue to its specific géomorphologie and meteorogical
conditions the city is threatened with severe air pollution problems.
Each of the potential cities has selected a nuclear institute as a partner
for carrying out feasibility studies.

An experimental nuclear space heating has already been materialized
in P KG. The Institute of Nuclear Energy Technology (INET; of the Qing-Hua
University has used its existing pool type test reactor to provide space
heat for the nearby buildings since 1984. INET has also won the financial
support for designing and construction of a 5 Mwt experimental nuclear
heat reactor. The main data of this NUR are shown in Table 3.

TABLE 3. MAIN DATA OF THE CHINESE 5 MWt NHR ______
Type PWR with

________________________________________ »light boiling
Coolant /aodera to r
Prlaary circuit

type of dcelgn int«gr.
circulât Ion MC
core teaparatur« 198°C

pretaure
4,5 HPa

Heating syat«>
teaparature 120°C/60°C
procure 1,7 HP«

Core
ht./dla. 690/570 an
aaaenbly deaign square
nuabec of aaaeabllea 1 2 + 4
tuel eleaent cyl.
power density 26 Kw/1

Fuel
ini
enr
av. burnup 4600 KWd/t U

initial loading 508 Kg (uo,)
enrichment • JT.
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(d) Conclusive remarks

Further development of nuclear heat application in the People's
Republic of China is not an easy task. The funding problems and questions
of economic competitiveness of nuclear heat sources with domestic coal are
of most concern. For nuclear heating plants to make a breakthrough into
the heat market the construction of a 100 - 200 MWt demonstration plant
seems to be unavoidable. To find sufficient financial support will be
very difficult even if the interest of potential users should be high.

To start a programme like this, based mainly on domestic industry,
would mean to bring also other related parts of the infrastructure on the
corresponding level. China is now paying a high interest to the
development of nuclear power, so it can be expected that in the proper
time also the nuclear heat application will find place in its nuclear
programme.

4.3 CZECHOSLOVAKIA

Nearly 40% of primary energy sources are being invested into the
production of heat in the CSSR; the comparable amount of electricity is
about 25%. If we also consider that the energetic efficiency in producing
heat is roughly double that of producing electricity in the condensation
cycle, the percentage of heat in utility consumption is even larger (about
75%).

With a view to the limited reserves of suitable fossil fuels and
their progressively Increasing price on world markets, the considerable
consumption of primary energy sources to produce heat is the most
Important factor in analysing heating systems now and in the future .
Among other characteristic factors are the size of basic production funds,
number of workers, the effect on the environment and especially the amount
of investments into the development of these systems.

(a) Centralized heating systems

heat is supplied via centralized systems from central sources, i.e.
from power plants, heating plants, and by means of decentralized
installations from local sources, i.e. building and house boiler rooms and
individual heaters using all kinds of fuels and power.

The percentage of centralized heating systems (hereafter CHS)
predominates and continues to increase. Centralized supply, the heating
industry in the narrower sense of the word, enables large central heat
sources and combined production of heat and electricity to be used. By
centralizing heat output about 10% of the fuel and manpower can be saved,
and the environment can be improved. The combined production of
electricity and heat means fu r the r marked savings of fuel amounting to 15
- 20% as compared to producing heat and electricity separately in the
appropriate installations. The advantage of the combined production is in
utilizing a larger amount of heat for heating towns, which would otherwise
be wasted in the cooling towers of condensation power plants (about 50% of
the heat in the fuel). For example, in a heating plant, which supplies a
medium-sized district town, more than 10O thousand tons of lignite can be
saved by using centralized sources and combined production of electricity
and heat.
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The characteristic of heat supply regions is thus not only based on
the quantitative factors mentioned above, but it also has a marked
qualitative aspect. Uniy the combination of these two approaches is
capable of providing a complete picture of the importance of heat supply
and its most progressive component, the heat for industry, at a time when
the fuel and energy budget has become one of the fundamental limiting
factors of the development of the whole national economy due to the lack
of refined and solid fuels of quality and, in future, of fossil fuels in
general. The effect of this problem on maintaining an adequate quality of
the environment and securing manpower is not negligible either.

The heating industry in the CSSR has a tradition of long standing.
In some periods it headed the world's technical development in this
field. Beginning with the second half of the twenties, large centralized
heating systems were gradually built in Prague, Ustf nad Labem, Brno and
elsewhere, of which namely the Brno system had a very high standard in its
time. However, their common feature was that they supplied heat mainly to
industrial plants, so that their development was restricted by the
development of industry.

It was only after 1948 that the complex concept of centralized
heating systems was fully developed: a number of systems was built which
supplied heat to whole agglomerations, and the systems built earlier were
expanded.

(bj Heat sources for the centralized heating systems
The present status of the development of centralized heating systems

in Czechoslovakia is characterized by coal-burning heating plants with
back-pressure and bleeder turbines of b, 12, 25, 55 and 66 MW, steam
boilers of 50, 75, 125, 150 and 210 t/h, and hot^water boilers of 58 and
115 MWt. Some of the older condensation power plants with 32 and 55 MW
blocks are gradually being converted into heating plants and, in this
connection, some regional heating systems have already been put into
operation (e.g. Opatovice, tiradec Krilov, Pardubice, iComorany,' Most,
Litvénov, Chomutov).

It has been found that one of the basic future trends is the
utilization of larger power plants, classical and nuclear, for supplying
heat, which is related to the construction of large regional systems of
centralized heat supply.

This trend requires the basic heat to be supplied from the system
power plants, at first classical, later nuclear. A substantial part will
be formed by transit heat feeders capable of transporting thermal energy
over larger distances, hot-water systems will be preferred, and steam
systems will be gradually converted to hot water, or at least not expanded
further.

By converting the condensation power plants to heating plants, we
shall be able to make use of our coal of inferior quality also for
producing heat, a considerable amount of gaseous, liquid and superior
solid fuels will be replaced in small local heat sources, and a
substantial amount of fuel will be saved by making use of combined
electricity and heat production in the heating industry cycle.
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An important reason for using condensation power plants to produce
heat is the marked improvement in the environment of towns depending on
the burning of coal mostly with a high ash content, as well as the smaller
demand for manpower. Ihe system power plants, at first classical and
later nuclear, will be the basic sources, however, the construction of
regional heating systems is being assumed, whose basis is the gradual
integration of the local systems of heat supply.

Abroad, e.g. in the USSR and FRG, there is a marked tendency to
integrate local (island) CHS by means of heat feeders supplied from large
power and heating plants, from waste-heat sources of industrial sources
and refuse incinerating plants. The gradual integration of local heating
systems into larger regional heating systems is also being prepared in
Czechoslovakia, e.g., in Ostrava, Brno, in the North Bohemian Region and
elsewhere.

Savings can be achieved by the combined production of heat and
electricity essentially in two ways:

by building municipal heating plants (as before)
- by converting selected existing condensation power plants to

produce heat to an extent determined by the conditions in the
appropriate actual cases.

Although the absolute fuel savings due to combined heat and
electricity production in the heating industry cycle are the same, the
great advantage of producing heat in condensation power plants is the
replacing of liquid and superior solid fuels which would have to be burnt
in towns by inferior fuel burnt in condensation coal-burning power plants,
or by uranium fuel burnt in nuclear power plants.

The conversion to intensive combined electricity and heat production
in condensation power plants will lead to significant savings of fuel
which has to be (for physical reasons) reflected in the decrease of
specific heat consumption for producing electricity. At the same time,
however, the amount of electricity produced by the condensation power
plants will be decreased.
(c) Nuclear heat co-generation at NPP (CHP)

The present and future development of the Czechoslovak power plant is
based mainly on the construction of nuclear power plants. As a result of
this and taking into account the necessity to decrease fuel consumption,
it is imperative that large aggloerotations in the CSSR be supplied
withheat from nuclear sources. Czechoslovakia is one of the countries in
which a considerable number of studies and projects have been produced
with a view to exploiting nuclear sources (nuclear power and heating
plants) for the purpose of supplying heat.

The increments of heat from nuclear sources planned for the
individual five-year plans are as follows:

2 300 TU within 1986 - 1990
9 350 TU within 1998 - 1995
25 iUO ÏU within 1996 - 2000

which represents a total heat supply of 38 000 TJ by the year 2000.
Assuming that nuclear safety precautions will be repsected, this concept
will also have a considerable ecological impact.
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From the technical point of view the actual release of the heat has
to satisfy the following basic conditions:

- firstly, radiation safety has to guarantee that the heat-carrying
medium supplied to the consumer be absolutely safe;

secondly, the design has to guarantee minimum degradation of the
energy in the production and transport of heat;

- thirdly, the technical design has to be simple and displaying dynamic
properties in accordance with the requirements of the consumer system;

- fourthly, the economic efficiency of the heat release design and heat
transport has to be competitive with other forms of heat supply.

The pattern of heat consumption at the intermediate and low-potential
level requires heat to be supplied in the form of hot water and steam.
The distribution of hot-water heat from nuclear power plants of the WWEK
type has practically been solved in Czechoslovakia and approved on a
contractual basis by the Soviet party in all existing and built
Czechoslovakia!! nuclear power plants.

As already introduced in the IAEA TECDOC-397, the first Czechoslovak
nuclear power plants with 440 WWER unit have been equipped with SKODA 220
MM turbines originally designed as purely condensation turbines with
uncontrolled steam bleeding only for the regenerative heating of feed
water. These turbines are capable of supplying 60 MWt (hJ 8~^) of heat
under two-stage heating of the heating water (two heaters each of 4u MWt;
from 70 to 150 °C. This method of combined electricity and heat
production is used in the Jaslovske Bohunice nuclear power plant (heat
feeder for ïrnava;. In this case the ratio of the produced heat output to
the lost power output is 5.08.

A new generation of Skoda 220 MU turbines was developed for higher
heat provision, i.e. 90 MWt under two-stage heating of water from 70 to
120°C and 120 MWt under three-stage heating of water from 70 - 150°C.

This type of turbines is used in the Oukovany MPP, which will be
delivering heat for the city of tirno. In this case the ratio of produced
heat output to the lost power output will be 7,14.

This type of turbines will be also installed at the Mochovce NPP in
Czechoslovakia and they will be also delivered to the GDR for the NPP Nord.

For the Temelin NPP (4 x WWER 1000) the Skoda 1000 MW steam turbines
are now being developed; they will enable the heat production of

590 MWt under two-stage heating of water from 60 - 120° C and
893 MWt under three-stage heating of water from 60 - 150° C.

As it can be seen from Table 4, the nuclear heat produced by
co-generation (CUP; at existing and constructed nuclear power plants In
Czechoslovakia by the year 2000 should reach about 3000 MWt with an annual
supply of about 38 000 TJ. This supply of heat from the nuclear sources
would represent a substitution of about l 6OO thousand tonnes of reference
fuel per year and a saving in fuel due to the combined production of
electricity and heat of 730 thousand tonnes of reference fuel.
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Table 4. NUCLEAR HEAT PRODUCED BY CO-GENERATION (CHP)
AT EXISTING AND CONSTRUCTED NPP IN CZECHOSLOVAKIA
BY THE YEAR 2000

NPP

EBO-1 *)

EBO-2

EDU

EMO

ETE

EKE

UNITS

2 x WWER
400

2 x WWER
400

4 x WWER
AGO

4 x WWER
400

4 x WWER
1000

2 x WWER
1000

HEAT OUTPUT
MW(t)

240

240

680

640

365

460

HEAT FEEDERS
TO LOCALITIES

LEOPOLDOV ,
HLOHOVEC

TRNAVA

BRNO

NITRA,
LEVICE

CESKE
BUDEJOVICE

KOS I CE
PRESOV

SUBSTIT.REF.
FUEL (lO^ton)

0,145

0,102

0,332

0,256

0,264

0,501

*) Abbreviations: EBO ..
EDU ..
EMO .,
ETE ..
EKE ..

. NPP Jaslovské Bohunice

. NPP Dukovany

. NPP Mochovce

. NPP Temelin

. NPP Kosice

(d> Nuclear heating plants

The problems of utilizing nuclear power sources for heating which
have not been solved yet are those related to steam consumption from
nuclear power plants and the operation of nuclear heating plants. The
possibility of constructing nuclear heating plants is being studied in
Czechoslovakia in terms of territorial units which are outside the
technical and economic reach of long-range heat supplies from nuclear
power plants or classical sources; in this connection, the utilization of
the tested blocks of the AST 500 type nuclear heating plant is being
considered in the first place, and nuclear heating plants of smaller
performance (100 - 200 MWtJ in the second.

These problems are the subject of the "Agreement and program of
co-operation of the member countries of the CMEA in scientific, technical
and design projects in the field of nuclear power heat plants and nuclear
heating plants for producing industrial steam and for heating systems."

The economic comparison of nuclear heat sources, i.e. nuclear power
and heat plants and nuclear heating plants, with the other possible
methods of supplying heat has to be carried out individually, from case to
case, because the conditions in the individual areas differ. Therefore,
the developmental heating-system studies of the appropriate localities
(.Brno, Bratislava, Ostrava, C. üudejovice, Trnava, Leopoldov - Hlohovec;
always contain economic comparisons of the variants of heating systems
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based on the further development of decentralized heating systems founded
on the expansion of the existing structure of the fuel base, i.e.
primarily on the increase in the share of earth gas, mazut and the ChS
variant with a fossil source, with a nuclear power and heat plant, or also
with a nuclear heating plant.

In general, the converted costs of combined electricity and heat
production in a nuclear power plant are always lower than those of the
heat-system variants based on earth gas or mazut. Although water is a
relatively slow carrier of thermal energy, hot water seems, at present, to
be the only available medium, the heat losses in the feeders over
distances of about 100 km being about 3%.

The economic analysis of nuclear heating plants is problematic at
present, because the basic input data such as investment costs,
operational costs, etc. are not available. Available calculations are
based on specialist estimates founded on deriving the price of the nuclear
heating plant from the price of the nuclear equipment manufactured for the
WWER 440 blocks. These calculations have shown that a nuclear heating
plant is only justified if heat cannot be supplied in another way, i.e.
because of the lack of earth gas, because of the large distance from a
fossil power plant or nuclear power plant, and under the condition that
the nuclear heating plant will replace a considerable amount of earth gas
and liquid fuel at the locality in question.

4.4 FINLAND

The district heating technology is highly developed and has more
than 40 years tradition in Finland, txisting networks in the towns and
communities are on the other hand mostly too small for being adapted to
larger-scale nuclear district heating. An exception is the Helsinki
metropolitan area comprising neighbouring cities of Vantaa and Espo and,
of course, the main city of Helsinki.

The total energy forecast for the Helsinki metropolitan area by the
year 2U10 is shown in Table 5. and the corresponding figures are also
plotted in Figure 6.

TABLE 5.
DEVELOPMENT OF DISTRICT HEATING ENERGY IN THE HELSINKI METROPOLITAN AREA

Year

1982

1990

2000

2010

Population

1,000 Inhab.

794

839

860

Building
• tock
10» «3

180

211

241

250

Specific
consumption
Mfh/«3, a

SO

46

42

40

Extent of
connect Ion«
\

72

81

87

88

Energy

GWh

6,908

8,438

9,454

9,476

Capacity

HH

2,586

3,392

3,985

4,112
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Figure 6. Prognosis of District Heat and Electr ici ty
Demand in Helsinki Metropol i tan Area

for the comparison of different energy procurement alternatives, the
demand forecasts of electricity and district heat for the period 1982 -
2000 were used as the basis. According to these forecasts, the demand for
district heat will increase from the 6,910 GWh in 1982 to 9,450 GWh by the
year 2000, the corresponding Increase in electricity demand being from
3,900 ÜWh to 6,920 UVh.

The energy procurement alternatives studied were the following:

coal-fired back-pressure power plant (100/180 MW and 2 x 250/400
MW)

- nuclear co-generation power plant (Kopparnäs 40 km pipeline, 2 x
800/900 MW;

nuclear heating plant (SECURE 2 x 400 MW)

- nuclear co-generation power plant (Loviisa, 75 Km pipeline, 900
MW)

coal-fired co-generation power plant (Inkoo, 55 km pipeline, 800
MW)

coal-fired hot water boilers (840 MW)

natural gas-fired gas turbine power plant (7 x 5U/91 (135) MW).
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Some conclusions based primarily on economical aspects can be drawn
on the basis of the results of the comparative study:

- The implementation of 2 new, rather big power plants or heating
plants will be necessary in the early 1990s

- Nuclear heating plants proved to be the most economical alternative
out of tnose studied

Heat transmission from Inkoo and Loviisa, and coal-fired hot water
boilers are competitive, and the difference compared with the nuclear
heating plant is not significant

- The Kopparnäs nuclear power plant alternative is more economical than
coal, except for the lowest coal prices

The general rise in fuel prices adds to the economy of the
nuclear-based alternatives. At low fuel prices the competitiveness
of the Inkoo and the hot water boiler alternatives improves compared
with the nuclear-based alternatives
A reduction in the required interest of investments in the Helsinki
metropolitan area increases the economy of the K.opparnas alternative
in particular. A rise in the required interest adds to the economy
of the alternatives based on the purchase of electricity.

A feasibility study was carried out during 1983 - 1984 in cooperation
between Imatran Voima Oy and AB ASKA-ATOM concerning utilization of the
SECURE nuclear district heating plant for the Helsinki metropolitan area.
Considerable attention was also paid to licensability and site survey of
the plant.

To be able to start this work it was necessary to elaborate new
design criteria, based on the Finnish General ties ig n Criteria for Nuclear
Power Plants but amended with a view to the unique features of the SECURE
NÜP.

According to the results of a rather deepgoing analysis of the safety
features of the SECURE reactor during the feasibility study, the inherent
safety of the plant has to be regarded as very high. No unsurpassable
demands for improvements or changes in the plant construction can really
be expected as the result of a potential safety evaluation by the
Authority.

Some risks remain, however, possibly leading to further discussion
from the point of view of the Authority. They include external events
like earth-quakes, airplane crashes, floods, etc., depending on the site.
Sabotage and, finally, potential acts of war must also be considered.
These two factors are difficult to appraise. However, all these factors
have been taken into account in principle in the reactor design.

During the feasibility study of SECURE a preliminary site selection
study was also made.

The objectives of this study were the following:

- obtaining the first site-related cost approximations,
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analyzing the totality of SËCIAE-related siting factors and
developing adequate site selection methodologies, and
obtaining the first reference site to be used for prospective
contacts with regulatory bodies, administrative organs of cities or
citizen groups.
The study was made as a desk study and did not include any field

investigations; neither were safety authorities contacted in the course
of the study process.

The main input data for the site selection process were; the
construction of 2 x 400 MW units in close sequency, the sharing of heat
supply according to the model of 300 MW for Helsinki, 180 MW for Espoo,
and 120 MW for Vantaa, the consideration of an outer radius of about 40 km
for an economically feasible siting.

Three sites,out of the total 43, were submitted to a detailed
scrutiny, in which various aspects in the field of engineering, economy,
ecology, land use, social development, health, and safety were considered.

AS a conclusion the working group recommended one site in the
northeastern part of the Helsinki metropolitan area to be used as a
reference site in later phases of the SECURE study. This site is about 15
km from the centre of Helsinki and about 6 km from the nearest point of
the Helsinki district heating network. Nevertheless, the number of
population, being about 400 inhabitants within a radius of 1.5 km from the
site, represents quite well the average of the whole southern Finland.

4.5 FRANCE

Similar to other highly industrialized countries, France is
developing both main types of nuclear heat sources suitable for district
heating applications, i.e. the co-generation systems (CHP) providing
electricity and heat from large KPPs as well as the nuclear heating plants
(NHP) based on specialized "heating-only" reactors.

The well known PWR highly standardized French NPPs are all built so
that provision is always made for the potential delivering of thermal
energy in the form of live steam or pressurized hot water.

Two reactors are under development of the "heating-only" type, i.e.:

The CAS reactor, a pressurized water reactor derived from ship
propulsion reactors, delivering steam at 26b°C and 53 bar
pressure; such reactors have a thermal power of approximately 1000
MW.

The THERMOS type reactors, derived from "swimming pool" reactors,
which deliver water at a temperature of 120 to 130°C; thermal power
of these reactors ranges from 100 to 200 MW.
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(a) Combined production of heat and electric power (CHP;. Optimization
of the production and operation mode
The PWK nuclear development programme started in 1970 in France

comprises:
- 34 900 MWe units, of which 31 were coupled to the system at the

beginning of 1985;
- 20 1300 MWe units, of which two were coupled to the system at the

beginning of 1985.

Three 900 MWe and 18 1300 MW units were under construction as of the
start of 1985.

This programme has been conducted so as to standardize as far as
possible in series of identical units, the main buildings being built on
the same plans, housing the same units of equipment.

The characteristic values for steam at the outlet of the steam
generators of the steam supply system are:

55 bar and Z70°C for 900 MW units;
69 bar and 285°C for 1 300 MW units.

(1; Systems for heat withdrawal from the lind circuit:

Each nuclear unit is equipped with a steam transformer which is fed
with live steam withdrawn at the steam generator outlet: it supplies steam
to the auxiliary systems of the unit and the power station.

The characteristics of the steam supplied by each auxiliary steam
transformer are:

35 tons/hour - 12 bar - 188°C for 900 MW units;
55 tons/hour - 12 bar - 188°C for 1 300 MW units.

Each steam supply transformer of a plant's auxiliary steam circuit
produces roughly 120 000 tons of steam per year to provide for the needs
of the power station itself. In total, for the nuclear units in service,
this corresponds to approximately 2 500 OOÜ MWh per year, i.e. the
combustion of nearly 250 OUO tons of oil equivalent of fossil fuel.

in addition to the needs of the station, the thermal power of this
auxiliary steam supply system can supply approximately 10 tons per hour of
steam outside the site, with a rate of availability depending on the
number of units and their operating conditions.

When heat is supplied outside the power station, a steam transformer
or heat exchanger is fitted between the auxiliary steam supply system and
the external heat system to forestall any risk of contamination from the
section of the auxiliary steam supply system located in the Kadwaste
system building (For the main scheme see Figure 7.;.

29



Figure 7. Heat Withdrawn from Nuclear Power Stations

Measures are taken to withdraw steam at the steam generator outlet so
as to supply approximately 3OU MW of thermal power for a 900 MW unit and
400 MW of thermal power for a 1 300 MW unit.

In the light of the quality requirements set for the SU feedwater of
nuclear steam supply systems, a heat exchanger is needed between the steam
supply system of the turbine and the outside heating network. This
exchanger places an additional shield between the nuclear fuel and the
off-site location.

Given the characteristics of the steam produced, these heat
exchangers can supply steam at a pressure of up to 40 bar, hot water, or
superheated water up to a temperature of 250°C.

Large quantities of heat can be withdrawn, if this is done regularly
during the operation of the power station, corresponding to:

180 000 tons of oil equivalent per year for a 900 MW unit;
270 000 tons of oil equivalent per year for a 1 300 MW unit.

By reducing the rate of steam flow to the turbine, this withdrawal of
steam involves a reduction in electricity output.

Should the heat specifications be low enough, e.g. water at 15U°C
or 110°C, an auxiliary turbo-generating set can be placed between the
extraction point at steam generator outlet and the heat exchanger. fart
of the steam expansion is then recovered for electricity production,
diminishing the overall reduction in electrical power output.
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The measures adopted leave open the date of a decision to withdraw
heat and the choice of the characteristics taken into account for this
heat; actually, the decision can be taken after commissioning of the
power station. These measures provide great flexibility regarding the
choice of heat characteristics since there is no relationship between
these characteristics and the extraction levels defined for the main
turbine; the auxiliary back-pressure generating set can be designed as a
function of heat requirements.

Even if the main turbo-generating set operates at partial or even
very low load, this does not reduce heat supply capacity.

These measures do away with any need to execute work on the main
series-built turbines, and limit the number of changes to be made to the
installations fitted in the turbine hall in the event of a decision taken
after construction of the unit has begun. They do not alter the general
conditions of operation of the unit.
(2; Heat extraction from turbines

Studies were conducted to define the volume of steam that could
be withdrawn from the extraction points of turbines to produce hot or
superheated water.

For limited demand, this type of heat extraction results in a lower
loss of electricity output and a smaller investment.

A heat exchanger should be placed between the secondary steam supply
system of the circuit of the turbine and the fluid carrying heat
distributed outside the site.

All these studies have been so conducted as not to bring into
question either the main units of equipment or their operating .conditions.

With the existence of several units in a power station, potential
reserves are large.

Were larger heat supply contracts to be concluded, studies would be
undertaken to adapt the design of the power station to the optimum overall
level of electricity and heat production combined. However, this has not
yet occurred.

(3; Supplying heat outside the power station
Technical and economic studies of the scope for using heat

produced by power stations for district heating and existing or potential
industrial or agricultural applications have been conducted on 18 nuclear
sites housing units in service or under construction. The studies are
up-dated to follow the trend of fossil fuel prices.

For economic reasons and because power stations are installed away
from urban centres, studies undertaken at each power station for the
supply of heat for district heating or industrial applications have not as
yet identified any project whose economic value was enough to justify its
implementation.

Notwithstanding, some studies are under way, e.g. the study covering
the supply of heat to the town of Troyes and its surroundings by the
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nuclear power station of Nogent-sur-Seine (two 1 300 MWe units,
commissioning scheduled for 1988, distance 55 km;.

If demand is not sufficient within a reasonable distance from the
power station, the installation of new customers may be envisaged in its
vicinity: this meets the concern to develop local activities after
construction of the site has been completed. In this perspective of
development of new industries, calorific energy at an attractive price is
a useful incentive for potential customers.

In this regard, the 900 MWe nuclear units ßl and B2 of Chinon,
commissioned in 1903 and 1984 are fitted with steam transformers, which
can each supply 35 tons per hour at 17 bar - 205°C to the industrial
estate developed on the Northern boundary of the site of the power
station. Negotiations are under way for the installation of several
industrial establishments in this estate.

(b) Nuclear "neating-only" reactors (NtiPj

As said, two main types of reactors for NHPs are under
development in France:

(1) ïhe CAS reactor

CAS pressurized water reactors have been developed by the
Commissariat à l'Energie Atomique and its subsidiary
TECHNICATOME. CAS reactors are compact and self contained.

The CAS (Compact Advanced System) nuclear steam supply system
with thermal power of 950 HW, supplies steam at 53 bar and 268°C.

It could be used for:
- production of steam only
- combined heat (steam or hot waterj and power production using
a back-pressure turbo-generating set
- electricity generation only (300 MWe; using a condensing
turbo-generator set.

The scheme of the steam supply system is shown in Figure b. As it can
be seen, each of two steam generators is connected to the vessel by a
short straight conduct in which the primary coolant circulates
concentrically back and forth. The primary coolant pumps are integrated
in the SG water boxes.

This design is based on ÏECUNICATOM's experience in this field (13
PWR in service or under construction; a prototype unit has been in
operation for nine years at Cadaräche).

The compact geometry of the primary circuit makes it possible to
reduce the volume of the metallica containment and to simplify the on-site
assembly of the primary circuit.
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Figure 8.
Nuclear Steam Supply System

The containment of the primary circuit consists of a metallica
cylindrical central part, closed at each end by a spherical dome (see
Figure 9.)

1 Reactor vessel
2 See«» generator
3 Pressuriser
4 Fuel loading Machine
5 Transfer fuel pool
6 Residual heat rénovai

punp rooB
7 Primary pumps handling room
8 Personnel «tr lock

Figure 9.
Housing of the Containment Vessel
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la addition, the nuclear safety auxiliary systems and the fuel
storage pool, are all protected from external aggression by a
semi-circular concrete tunnel (Figure 10.)

Figure 10.
Nuclear Island

The fuel assemblies are identical (apart from variations in length;
to the standard assemblies used in the other PWK power stations built by
FKAMAÏGMK.

The technology of the main components is that adopted by FKAhATOMÜ
for units of equipment of the 900 MWe and 13 000 MWe/1 500 MWe levels in
France under EUF's construction programme.

Load variations are effected only be acting on the control rods of
the reactor.

The manufacturing and operation characteristics of this nuclear steam
supply system allows its use to be envisaged in large urban heat
distribution networks.

A project for supplying the district heating network in Paris
comprises:

- a 950 MWt CAS - nuclear steam supply system
- a JO wwe back-pressure turbo-generating set fed by the secondary

steam circuit of the nuclear steam supply system
- a group of exchangers, connected to the exhaust of this set

which can supply 12ÜO tons/h of superheated steam at 20 - 25 bar.
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The distance over which steam is to be transported is 1? km.

The district heating network of Paris requires 8 million tons of
steam per year, which corresponds to approximately one fourth of the
city's heating needs.

The needs of the district heating network at base load are presently
met as follows:

- 36 per cent by heat recovery from the incineration of household
refuse

11 per cent by supplying heat produced by the coal-fired
electrical power station of Citry-sur-Seine

- 20 per cent by coal-fired boilers commissioned over the last few
years.

Studies are in progress to replace a large share of the heavy-fuel
oil, which is still in use, by natural gas and to Install a few electrical
boilers for steam production in summer.

(2) The THERMOS reactor

The THERMOS Nuclear Boiler for the production of hot water was
designed by TEŒNICATOHL society, CEA's subsidiary (see Figure 11;.

I Cuv«
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Hot wattr
10 Iafrl|4ran

Air cooler
It Icbangiuri pria»tr«a

Primary beat Exchanger«
12 tchanfeun secondaire*

Secondary boat excbanyerl
v Figure 11. Thermos Reactor
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ThEKMUS is basically a slightly pressurized (ca 10 bar) light water
reactor using low-enriched uranium, installaed at the bottom of a pool.

The pool water provides a biological shielding, a confinement barrier
by condensation of primary coolant leakage and a water reserve for core
cooling in the event of any incident.

The reactor is designed for a rated output at terminals of 100 MW to
approximately 200 MW in the form of water heated at 80°C to 130°C.
Other options are also possible.

The whole unit is located inside a double containment of prestressed
concrete. The inner pressure vessel preserve from release of fission
products in accidental conditions. The other containment ensures
protection against hazards of external origin such as explosions, airplane
crashes, etc. (see Figure 12.)

Figure 12. Thermos Process Flow Sheet

The THEKMOS reactor is a typical "three-circuit" reactor and this
fact together with its intrinsic safety characteristics allows its
installation in densely populated urban areas.

The main application of the ÏHKKMOS reactor is therefore the district
heating, its characteristics enable it to be used for seawater
desalination as well.

Two possibilities of the THEKMOS reactor application were examined,
i.e. the 1UU MWe heat supply for the district heating of the city of
Grenoble and 150 I-tWt supply to several heating networks of the South-Uest
suburb of faris. In the case of Grenoble, its network needs 650 000 MWh
per year, but since 17 per cent of the needs are covered by the recovery
of heat from the household refuse incineration plant and coal is available
from a neighbouring mine, the utilisation time of the nuclear boiler is
reduced to 2 500 hours, full power equivalent per year, the economic
value of this project is not sufficient today to make it viable.
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The other project (South-West suburb of Paris; was abandoned because
of the overwhelming Initial Investment required to Interconnect the
separate networks.

more InterestingStudies are in progress for other, possibly
applications, especially outside France.

4.6 GERMAN DEMOCRATIC REPUBLIC

4.6.1 Fundamentals

Since 1981 factories and works in the German democratic Republic
have limited the use of solid and liquid fuels for heat supply. To
accomplish the task imposed on them they concentrated their efforts
especially on

applying energy as efficiently as possible,
- substituting brown coal for solid and liquid fuels and
- utilizing more intensively waste treatment and the co-generation

technology.

In the application of the nuclear heat gained by co-generation from a
NPP, the Nuclear Power Plant "bruno Leuschner" Greifswald together with
industrial enterprises and scientific Institutions carried out
investigations on the heat supply to the nearby town of Greifswald. Within
a very short time a project was worked out and after a construction time
of only one year this supply started with a thermal power of 50 MW on 27
December 1983. The hot water of 180°C (2.86 MPa) is transported from
the NPP to the exchanger station of the town Greifswald through a transit
pipeline with a diameter of 800 mm and a length of more than 20 km. The
exchanger station in Greifswald is the distribution center of hot water
into the network of the town. The return temperature in the transit
pipeline which is now 80°C, will be decreased to 60°C when the
corresponding part of the heat will be used for heating a greenhouse. The
scheme of the heat supply system and further details can be found in the
following paragraph 4.6.2 where the District Heating of the town
Greifswals from the NPP "Bruno Leuschner" is described.
In the Project Requirements were realised of the National tioard for
Nuclear Safety and Radiation Protection of the GLiR for preventing release
of radioactivity into the heat distribution network from the heat
extraction system at the NPP. Full text of the Requirements can be found
as Annex 2 in the "Nuclear Heat Application, Proceedings of a Technical
Committee Meeting and Workshop, Cracow 5-9 December 1983", page 409, IAEA
Vienna, 1984, SÏI/PUU/679.

Successfully results were already received and a great deal of
experience was gained with heat extraction from the NPP "Bruno Leuschner"
up to 150 MW. The future demand of about 300 MW will be realised by heat
extraction from all units of this hPP.

The experience from the described first nuclear heat supply system is
confirming the technical and economic applicability of this co-generation
technology on further NPPs in the GDR. Assessments are also being made
investigating possible implementation of the Soviet AST-heating reactors
in the OUR, but concrete projects do not yet exist.

37



4.6.2 District Heating of the Town Greifswald from the Nuclear Power
Plant "Bruno Leuschner"

(a) Development of the heating requirements of the town Greifswald

Up to the late 70'a the heat demands of the town Ureifswald were
covered by oil, hard coal and brown coal. These demands derived from 3580
heating-degree days and 241 heating days, based on an average room
temperature of 20°C and an average outdoor temperature of 12°C as
heating boundary.

The prospective demand will amount to 300 MW. The structure of the
consumers consists of the

municipal area covering 55 per cent
industrial area covering 20 per cent
agricultural area covering 17 per cent.

This means that finally 9000 dwellings, most of the industrial plants
and a greenhouse will be supplied with heat. AS can be seen, the greater
demand for heat arises from the municipal area and depends essentially on
the outdoor temperature. Due to the climatic influence of the Baltic Sea
there is a slight rise in temperature in the months of October to December
and a decrease from January to Mar h compared with the average in the GLR.
The graphs of the daily heating requirements during the heating period
show only little variations. A typical depression at night cannot be
distinguished.

(bj Technical project of co-generation

In elaborating the technical project of nuclear-produced heat
via-co-generation the following aspects had to be taken into account:

- The project has to be an example of economic heat supply from a
nuclear power plant.

- À decrease in the electrical power of the nuclear power plant in the
maximum power demand times has to be excluded.

The maximum extraction of thermal power may be 75 MW per turbine.

To ensure a stable heat supply in any case thermal power has to be
taken from all units.

In consequence of this hot-water heating is effected in three steps
via the taps 3, 4 and 5 of the turbines. The limit of 75riW results from
the permissible speed of the steam in the taps. The producer of the
turbine K-220-44 permits speeds from 50 to 6Ü m/s, for short periods even
of 70 m/s.

As can be seen from Figure 13 the fixed extraction of steam enables
the hot water to reach a maximum temperature of 180°C (at a pressure of
2.Ob MPa). oy that the demand for hot water is met and, in addition, it
is possible to produce steam with a pressure up to 0.3 MPa for industrial
consumers.
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Figure 13. Scheme of the Heat Supply System of the Town Greifswald
from the NPP "Bruno Leuschner"

To ensure heat supply also in case of failure of tapping operation
there is the possibility of reducing the fresh steam and of partial
operation with reduced fresh steam even at partial load of the turbine.

One turbine per reactor is connected with one feed-heating train with
three heat exchangers so that after completion of the first construction
stage the total thermal power of the four operational units of the NPP
will amount to A x 75 MW.

The next step will be to include likewise the units 5 to 8 being now
under construction in the heat supply system. This is necessary to

have available the load power required for the heat storage units to
avoid a decrease in the electrical power in maximum power-demand
times

achieve the highest possible degree of security in heat supply, and
tap reserves for extending heat supply beyond 300 MW. At present
relevant investigations are conducted.
The heat is transported from the nuclear power plant to the town

Greifswald through a transit pipeline having a diameter of 800 mm and a
length of more than 20 km. In Greifswald there is a station where the
heat is transferred to the network of the town. As said, the returning
water has now a temperature of 80°C, afterwards it will be used for
heating a planned greenhouse, it will decrease to 60°C.

For recirculating the hot water in winter time there are special
pumps whose speed is regulated by the recirculation frequency. For
operation in summer there are again pumps whose speed is controlled by
throttles. The maximum recirculation quantity of water is 2 600 t/h.
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The pipeline is filled with deonized water from the nuclear power
plant. To minimize corrosion degased deionized water is mixed with soda
lime. The resulting pH value is 8.5 to 9.5. The total volume of the
pipeline amounts to 28 500 or*.

(c) Assurance of radiation protection and nuclear safety
Nuclear safety and radiation protection have to be ensured in

all cases of heat supply system operation. In conformity with the
Regulations of the ODK a documentation concerning the heat supply from the
Griefswald nuclear power plant was submitted to the National Board for
Atomic Safety and Radiation protection for approval. It contains an
incident analysis and the description of specific safety and monitoring
systems. In the following the most important technical measures of
radiation protection are described:

The maximum pressure in the hot water system is 2.9 MPa, the minimum
pressure on the intake side of the recirculating pumps is 0.7 MPa. À
special pressure control system in the hot water system always
ensures an average pressure of at least 1.5 MPa which is thus always
higher than the maximum pressure of the extraction steam of the third
stage of the saturated steam turbine (i.e. 1.1 MPa). It is
impossible that the heating steam enters the hot water system because
its pressure is always lower than that of the system. If the
pressure of the hot water system approaches to that of the extraction
steam, the heat exchangers are automatically put out of operation.
The activity of the extraction steam and the water of the hot water
system is continuously controlled. If the values reach the
permissible limits, the corresponding heat exchangers are
automatically switched off. The hot water activity was limited to 25
Bq/1.

The tightness of heat exchangers is continuously monitored by
measuring the electrical conductivity of the condensed extraction
steam. As the pressure of the hot water system is higher than that
of the extraction steam and its pH value ranges between b.5 and y. 5,
leakages at the heat exchangers are detectable.
The steam for degasing the feed water is produced in a separate
system consisting of a preheater and a flashing vessel. by that the
theoretical possibility of transferring radioactivity to the hot
water system is excluded.

- The heat transfer station in Greifswald and the activity control in
the network of the town constitute an additional safety factor. The
incident analysis showed that the heat supply system cannot cause any
disturbances which would go beyond those taken as the basis for the
safe operation of the nuclear power plant.

(d) Reduction of electrical power loss
Avoiding electrical power loss in maximum power-demand times is

a further essential aspect in designing the total heating system. By
admixing the hot water with the returning water the return pipe can be
used as heat storage. The temperature of the returning water will not be
higher than the maximum permissible temperature of the hot water on the
intake side of the recirculating pumps, i.e. 130°C.
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The operation of four cross-over stations is optimized by a computer
in dependence on the duration of the maximum power-demand times, the heat
demand and the travel time of the hot water from these stations to the
nuclear power plant.

The project of heat supply provides a system of six tanks with a
volume of 500 nr* each to store the hot water in case of start-up and
shut-down operations and of temperature changes, if necessary the tank
water is fed into the system or recirculated. The tanks are designed as
low-pressure storages of water having a maximum temperature of 130°C
They are filled out of the maximum power-demand time and emptied during
this time.

(e) First operating experience

In the period 1983/84 the heat supply of the town Greifswals
reached a thermal power of 50 MW. The ystem has proved its functioning
and met the requirements of nuclear safety. Experience gained will be
used for further extending the heat supply system. It was stated that the
electric power loss without storage is 0.17 MW per MW of thermal power in
case of tap operation and 0.32 MW in case of operation with reduced fresh
steam. These data will be used for subsequent optimization processes. In
the nuclear power plant and in the district of Greifswald the necessary
measures were taken to enable a heat supply with a thermal power of 150 MW
during the heating period 1984/85.

4.7. GERMANY, FEDERAL REPUBLIC OF

4.7.1 Status of Nuclear Low Temperature Heat Application in the
Federal Republic of Germany

More than 80% of the current district heat capacity of about 33
GJ/s installed in the FRG is being served by fossil fired heating or
co-generation plants. According to their part for heat production coal
ranges in front of gas and oil. Currently nuclear energy plays no role as
an energy source for district heating.

As a result of the oil price increases in the 7o's more intensive
investigations were carried out as to the possibility of using large
nuclear power stations also for generation of heat for district heating.
With this type of heat generation the primary energy can be utilized more
effectively by using the combined heat and power co-generation on
technology (CHP).

If centralized heat generation from a nuclear plant replaces a large
number of separate boilers or a central fossil-fuelled boiler this also
reduces the pollution associated with the work of individual boilers.

This advantage can usually only be achieved if the NPP is in the
vicinity of a relatively large district heating network, however this is
not the case for most of the sites of large KPPs in the FRG up to now.

In order to circumvent the problem of constructing large plants near
local concentrations reactors of smaller sizes which can be used for
combined heat or power supply or for heat supply only have been developed
by the reactor manufacturers.
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4.7.2 Heat supply by water reactors

(a) Cogeneration

With respect to the temperature level required.district heating
systems can be supplied by heat from all types of water reactors. Since
water reactors which are now under construction in the fr'KG are of the
PWR-type the possibility of cogeneration with this reactor type is
described here:

For the 1300 MWe KWU standard PWR,which are now constructed and
licensed according to the convoy principle, a maximum heat extraction of
about 500 MJ/s is possible. This maximum heat output is limited by
considerations concerning openings in the turbine casing, steam velocity
and allowable stresses in the low pressure blades of the turbines.

Heat can be extracted from the turbine at three pressure stages
corresponding to temperatures of about 18U°C, 140°C and 115°C. According
to these temperatures the maximum heat extracting is 240 MJ/s, 130 MJ/s
and 120 MJ/s. The amount of heat extraction in this range can
individually be designed with respect to local circumstances.

(b) Heating reactors
Currently there are two concepts of light water reactors studied

or under development in the FRU, i.e. the KWU heating reactor and the so
called hKRK concept:

— — Secondary circuit
Heat exchangers
-Chimneys
-Spent fuel rack
-Pressure vessel
- Containment

Biological shield
-Room for fuel element
Inspection

Figure 14. Primary System Arrangement of 200 MWt NHP
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/!/ The concept which is under development at KWÜ since 1980 is an
integrated natural circulated water reactor on the BWR-basis with a
primary pressure of 1.5 MPa and it can be built for a power of 100 GJ/s to
500 GJ/s. The main characteristics of the KtoU heating reactor (see Figure
14) are:
- an intermediate loop between the leaking network and the nuclear heat

source in order to protect consumers
- the reactor core and the primary heat exchangers are accommodated in

the same vessel, which is surrounded closely by the containment;
thus the core will always remain covered with water, even in the
event of loss of the primary coolant

- the natural circulation in the primary system and in the residual
heat removal loops will function reliably even in the event of
accidents, no power supply is needed for it.

- the long residual time of the first assemblies considerably reduces
the space tor storage, allows the raks to be stored within the
reactor pressure vessel which results in a compact reactor building.

The development costs for this reactor concept including tests for a
specially developed hydraulic control rod drive will be finished in 1987.
The safety assessment of this concept has been performed by "Gesellschaft
fuer ReaktorSicherheit" which results in the statement that the concept is
expected to meet the requirements of a German licensing process.

/2/ The other concept h£Rh which is studied by Gesamthochschule
Essen, is an integrated natural circulated reactor on PWR basis. It is
designed for a power of 300 GJ/s and a primary system pressure of 1.5 MVa.

4.7.3. Heat supply by high temperature reactors

High temperature reactors (HTk) can be used in different ways in
chemical processes and in the production of process heat and electricity.
In the FKG the BRC/HRB group and the KWU Interatom group offer hïk
concepts which can be used for cogeneration for district heating

/!/ HT R designed by the BBC/HRB group

Based on the nuclear power plants ÀVR 15 MW and ThTR 300 MW,
both designed, constructed and commissioned by BBC/HRB, the BBC/HRB
company group conceived advanced Pebble Bed high temperature reactors the
HTR-100, the HTk-300 and the HTR-500, all of them suitable for combined
electricity and process steam or/and district heat generation.

The Pebble Bed HTR is an advanced nuclear reactor of a very simple
design (see Figure 15). The nuclear heat source consists of a loose bed
of tennis ball size fuel elements forming the reactor core. The spherical
fuel elements of 6 cm diameter consists of graphite in which the fuel is
embedded in the form of coated particles of less than 1 mm diameter. The
purocarbon and silicon carbide coatings on the fuel particles are provided
for the retention of fission products.
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Figure 15. Reactor Pressure Vessel with Internals

The high inherent safety and the simple handling render the Pebble
Bed HTR ideally suited for installation close to the consumer areas.

The plants of all sizes can be constructed and operated as twin
systems. The BbC/HRß company group can therefore offer a complete range
of standardized rilk plants from 100 to 120U MW, all suitable for
co-generation of electric power, process steam and/or district heat, 'ihe
common feature ot all plants is the integrated design, e.g. all components
of the primary system are contained in the reactor pressure vessel.

Approximately one third of the generator power can be extracted as
district heat requiring only minor structural adaptations as compared to
the electricity generating plant. Bleeding of the steam turbines is a
suitable procedure for heating water for a district heat system. Main
data for electricity generation and co-generation of electricity and heat
for HTK-100, HTK-20U and HTRr300 are introduced in Table b.

For evaluating the economics the mid-1983 price level of district
heat generation from an tiTR compared to that from a hard-coal power plant,
the respective electricity generating costs were taken as a basis for
evaluating the make-up electricity. This assumption is permissible in so
far as in both cases practically the same data of the steam power process
can be taken as a basis.
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TABLE 6. MAIN DATA FOR ELECTRICITY GENERATION AND COGENERATION OF
ELECTRICITY AND DISTRICT HEAT

Nuclear Power Plant

Thermal Reactor Power, MJ/s

Electricity Generation
Electric Power Net Output, MW
Net Thermal Efficiency, %

(regeneration of Electricity and
District Heat
Supply Temperature
Electric Power Net Output, MW
District Heat Output, MJ/s
Overall Plant Efficiency, 1
(Electricity * District Heat)

HTR-100

256

100
39

97 - 95
35

51,6 - 50,8

HTR-300

758

300
39,6

—— 80 - 140 ——
293 - 286
110

53,2 - 52,2

HTR-500

1264

500
39,6

488 - 477
180

52,9 - 52,0

The district heat generation costs, which vary depending on the
supply temperature, can be summarized as follows:

District beat Generating Costs:

HTR-100
HYR-300
Hi'K-500

Hard Coal Fired Plants:
(.ßasis: Domestic Hard Coal 250 Uh/t)

100 MW
300 MW
625 MW

(DM/CJ)
7,6 - 11,5
4 , 0 - 7 ,0
3,0 - 5,0

7,u -
4,3 -
3,8 -

7,4
6,6

It can be seen from the results, that HTKs with a power output of
300 MWeqU> show clear economic advantages as compared to conventional
hard coal fired plants for the conditions in the FRti.

121 HTR Module concept designed by the K-WU/Interatom group

The HTR concept is based on KWU's experience with its water
reactors as well as on the construction and operating experience ecqui red
by the Arbeitsgemeinschaft Versuchsreaktor Gmbh (AVR) with the AVR-reactor
in Juelich, FRC. Special design features lead to a power rating of 200
MJ/s per module for the steam generating version with 700°C core outlet
temperature. A cross-section of a. modular unit of this HTR is shown in
figure 16.
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Figure 16. Cross-section of a modular unit for steam generation

Main design features of the k-WU/Interatom hTk are as follows.1

standardized well-proven graphite balls with low enriched uranium ore
used as fuel element (.pebble bed core)
by selecting a relatively small core diameter of 3m, the reactor can
be controlled by absorber rods and small absorber balls moving in the
graphite reflector. This permits the "gravity insertion" of the rods
into the hot pebble bed with no need for metallic cladded
incore-absorber rods driven by force.
Due to small core diameter in combination with a low core power
density of 30 MW/m , the maximum fuel temperature does not exceed
1600 C during all accident conditions. This in turn precludes a
significant failure of fuel element particles and a high release of
fission products from the fuel. In the event of a failure of the
main heat unit , it is possible to dissipate the decay heat from the
reactor core in a passive way to multiple redundant surface coolers
located outside of the reactor pressure vessel via heat conduction
and radiation.

Active, redundant primary cooling loops, with associated redundant
secondary cooling lines and emergency power supplies can therefore be
omitted.
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For the application of the UTR-Module concept with steam generators
for district heating several advantages can be claimed. The flexibility
in the choice of power ratings and the excellent safety characteristics
allows urban utilities to build and operate their own nuclear power plants
for district heating and electrical power supply - even in the direct
proximity of towns, furthermore the plant size can be selected to meet
the demand by the number of modules also after the demand increases.
4.7.4 Projects carried out in the i?Ku

Heat extraction from the multi-purpose natural uranium fuelled,
heavy water pressurized water research reactor (M̂ k;, for heating tne
Nuclear Research Centre at Karlsruhe, started operation in I960 and
provided the Karlsruhe NKC with heat from 1978 to 1984. The reactor which
is out of operation since 1984 had a power rate of 200 MJ/s and provided
heat for the grid of 20 MJ/s. The district heating system is operated at
a return temperature of 80°C and a supply temperature varying between
11U°C and 13u°C according to the outside temperature. With regard to
power production, the reactor was operated as a base load plant. Over the
last 15 years of its operation it has achieved a very good average
availability of about 80% also during the time when being operated as a
co-generation plant.

4.7.5. Heat extraction from NPP Stade for use as process heat
NPP Stade with a thermal output of 1892 MJ/s and a net

electrical output of 630 MW has been supplied electricity since 1972.
Since December 1983 it has supplied heat for a salt refinery which is
located at a distance of 1.5 km from the nuclear power plant. The heat
requirement of the saltworks is about 210 000 MWh/year. The steam supply
from NPP Stade is designed for 60 t/h, of which however only 45 t/h is
necessary for the saltworks. The remaining 15 t/h is used for space
heating at the Schilling oil-fired power station nearby, during load
periods and for an immediately adjacent tank storage facility. On the
basis of the steam conditions, 19u°C and 1.05 hi"a, the 60 t/h represent a
power of about 40 MJ/s or 30 MJ/s respectively for the salt refinery.
This power used by the saltworks is extended to 7000 h/year.

Since the installation of heat extraction station at the end of 1983,
the power station had achieved an exceptionally high time availability of
more than 80%.

4.8 HUNGARY

The yearly fuel consumption for district heating purposes is at
present around 130 PJ, covered at 67% by hydrocarbons, which represents
roughly 10% of the total energy demand of the country. The number of
remotely heated flats is 560 000, the heated space of public institutions
is at about 20. IQ** m-*. These needs are covered by heat supplied from
344 separate heating systems, 192 of them being of the capacity less than
10 MWt, other 73 of less than 30 MW/t. North Pest is the only district,
where the heat demands are of the order of 400 MW/t and Debrecen is the
town, where 100 - 150 MWt heat needs are concentrated. These demands
could be covered with nuclear heat, considering that a maximum economic
level of nuclear heat supply is around 30 - 35 % of tie peak load of the
heating system, and the rest of demand should be covered by conventional
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heating sources, heat demands of further communal heating systems are
well under 100 MWt nominal capacity.

Nuclear heat has been utilized in the district heating of a part of
the Paks city. À heat output of 0,121 PJ has been supplied to living
quarters (1553 flats) and 0,141 PJ to public institutions in a year. The
total heat demand of the city is 38,1 MWt at the peak load. The four
units of the nuclear power plant could provide the consumers from 1988
with around 330 KWt heating power, without any limitations to electric
power generation. There is of course no further heat demand in the area
of the nuclear power plant, therefore no new development in this respect
can be expected.

At present no other convenient concentrations of demands for heat and
electric power provision exist in Hungary, so there is no intention to
build nuclear heating plants in the near future in the country.

4.9 SWITZERLAND

As the demand for heating power in Switzerland is not expected
to grow dramatically in the next years, the main scope of nuclear district
heating is the substitution for fossile fuels. In the last years the
country was confronted with ecological problems like forest death, acid
rain, etc. There is therefore a considerable effort towards reduction of
fossile fuel consumption.

Two different directions are therefore followed at the present time
in Switzerland:

- heat co-generation from existing NPP

introduction of small heating reactors in the heat market.

4.9.1 Heat co-generation from existing NPPs

With respect to nuclear heat cogeneratlon, the 15th of November
1983 represents a milestone in the development of nuclear district heating
in Switzerland: on this day the first commercial district heating grid
from a IxPP in Western turope delivered hot water to the Swiss federal
Institute for Reactor Research. Two years later, this network (RtiFUNA) is
almost completed and covers about 80% of the potential neat demands in the
concerned region.

Due to the great success of this first network several other
projects, concerning the remaining UPF's in Switzerland are now seriously
discussed. Table 7 summarizes the main characteristics of all these
projects. It must be noted, that the licensing of the projected
Kaiseräugst NPF is bound to the condition to deliver some 0.5 GWth to the
nearby sited city of dasei for district heating purposes.
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TABLE 7. HEAT CO-GENERATION FROM NUCLEAR POWER PLANTS IN SWITZERLAND
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* NPP KAISERAUGST is not yet under construction.
Connection to the heating grid is foreseen by governmental decision.

A.9.2 Introduction of small heating reactors in the heat market

(a) The Swiss Federal Institute for Reactor Research at Wuerenlingen
(FIR; has for many years followed the development of the nuclear heat
market. In 1983 a study concerning a small heating reactor (originally
still with homogeneous fuel) was begun, in order to provide a local
heating network (community or region) with the produced heat.

The fIR concept had good chances to fulfill the aim of such a system,
i.e. high substitution potential, low burdening of the environment, high
safety and competitivity against conventional heating systems. In 1984
the ideas about the reactor concept became more concrete and in autumn
1984 a first draft of the design of a small heating reactor has been
presented.

The idea of nuclear district heating with small heating reactors has
generated much interest, i'he continuation of the FlR-study "bwiss heating
Reactor (SUR)" has been approved and many representatives of private
industry have decided to participate actively in the deeper examination of
the concept. The high public interest in the Silk-Concept motivated then
on the one hand the Swiss Institute for Nuclear Research (Slh) to develop
an alternative heating reactor concept (GEYSER) and on the other hand BBC
and the daughter company HRb to propose the study of a gas-cooled,
pebble-bed heating reactor (GHR).

The technology of the SUR is based essentially on the well known
LWR-technology, that of the GHR on the HTR-technology. Both are well
tested technologies and there is much experience with both of them in
Switzerland. The concept of GEYSER on the other hand is very similar to
Swedish and American experimental reactors used for basic research.
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The private industry is represented for the two projects SUR and GHR
by Bonnard & Gard el, BBC Brown B over! & Cie. , Elektrowatt, Sulzer Brothers
and Motor Columbus. Together with the FIR they decided in 1985 to start a
common research programme for the development of a small. heating reactor.
The aim of this programme is to design in a first phase a heating reactor
system in detail and to examine this design from the economic and
licensibility point of view. Following this a decision about the detailed
project work, sponsoring and credit applications will be made, in order to
construct a demonstration plant on the FIR-site (.or elsewhere.). The
related contract, regulating also the confidential aspects and the
knowledge transfer, has been signed at the end of Hay 1905 by all
participants mentioned above.

The convergence of all three projects (SHR, Gdk and GfcYiUR) towards
the presentation of a preliminary report of similar degree of development
at the end of July 1986 is assured by a common coordination committee.

(b) Characteristics of SHR, GHR and GKYSER

The concept of the SUR is based on the results of the first
study, presented in September 1984. The heat produced in the reactor core
is transferred by natural circulation of the primary water through two
heat exchangers (integrated in the reactor pressure vessel; to two
intermediate circuits. Two secondary heat exchangers enable the heat to
be transferred to the district heating grid. The reactor pressure vessel
(core outlet température 198°C, pressure 15 bar) is under water in a large
water pool, which is tightly closed by a concrete containment. The
reactivity control occurs by poisoned fuel pins (burnup compensation) and
control rods with a hydraulic driving mechanism. The fuel is of the
LWk-type, with low enriched

In the GHR- co nee p t the primary cooling medium is Helium, which is
forced by a circulation pump to pass through a graphite moderated
pebble-bed core and is heated from 25O C to 450 C under a pressure of 15
bar. The heat is then transferred to the district heating network by
means of an intermediate cooling circuit. The reactivity control is
achieved by means of control rods, inserted into the graphite reflector.
The fuel consists of the same spherical fuel elements which are foreseen
for the German UTR reactor.

In the GEYSIR concept the core is at the bottom of a 50 m deep well
which contains highly borated water. This well forms also the reactor
containment, made by reinforced concrete. The depth of the well results
from a hydrostatic pressure of about 5 bar in the core region and allows
therefore the core outlet temperatures to be about 150 C. The reactor
pressure vessel is also essentially replaced by the water column existing
above the core, ïhe heat generated in the core is transferred through a
diffuser to the steam condensers, ïhe intermediate circuits work on the
principle of the thermosyphon. The design does not use (as far as
possible; ay active components for the reactivity control as well as for
the main and decay heat transfer. Inherent changes of the boron
concentration of the "primary water" flowing through the core is used for
reactivity control. The core design is still under discussion. It can be
an SHR-similar core or a TRIGA-similar concept.
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4.10 USSR

4.10.1 Introductory remarks

Calculations performed by specialized institutes allow to expect
that only the increase in heat consumption would amount to about 2.10'
Ccal by the year 2000, which implies that if each power unit provides
generation of heat power equivalent to an installed power of 1000 MW, at
least 60Ü power sources would have to be constructed.

This problem cannot be solved by using power source of only one
type; therefore for the nearest future the following possible power
sources are considered for district heating:

- fossil-fuelled heat sources (.gas, solid fuels,oil;
nuclear powered heat sources

(a) based on co-generation of electricity and heat (ChP; from NPPs:
1. using uncontrolled steam extraction
2. using the TK-450-500/60 type of turbines (developed for
co-generation)

(b) based on specialized nuclear heating plants (NHP) of the type AST

4.10.2 Status of nuclear heat co-generation in the USSR

At present the heat gained at NPPs by the co-generation
technology (CttP; is supplied to nearby consumers. The heat in a form of
hot water feeds the district heating systems and covers also, warm water
consumption in the NPP personnel settlements, adjacent population centres,
factories etc.

In the USSR the co-generation technology is used at several NPPs
in different sizes and on the PWR-type as well as the RBMK-type of
reactors (see for example the IAEA TECDOC-397 "Potential of
Low-Temperature Nuclear beat Application", lAhA 1986).

Table 8 shows an overview of the heat supply from some of the Soviet
NPPs in the years 1981-82.

TABLE 8. HEAT SUPPLY BY VARIOUS NPPs (1981-1982)

NPP Thermal capacity Heat consumption
Gcal/hr Gcal/yr

Beloyarks
Kursk
Novo- Vo ro nez h
Kovno
Armyanskaya
Kolskaya

40.0
265.0
152.0

23.8
26.6
39.2

95 400
465 207

1080 000
124 886
149 114
343 480
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The type of condensation turbines currently used at Soviet NPPs,
designed for different amounts of heat extraction, is introduced in Table 9.

TABLE 9. PLANNED HEAT SUPPLY FROM OPERATING TURBINES

Type of turbine Number of turbines Thermal supply
per 1 reactor

capacity Gcal/hr

K-220-44
K.-500 -6 5/3000
K- 1000 -6 0/1 500
K- 7 50-6 5/300

2
2
1
2

2 x 25
2 x 50
2 x 100

The nuclear power plants, already foreseen and designed for
electricity and heat co-generation (CUP;, can provide significantly higher
amounts of heat. Use of special turbines at such CriP-NPPs permits the
heat supply from one 1000 MW(e) power unit to be increased up to 900
Gcal/hr. ïhe first i\PP of such a type with an electrical power of 2 GW is
planned for district heating of the city of Odessa; this plant will have
two units equipped with one WWK-1000 reactor and two Tk-450-500/60
turbines. The total thermal load of the city covered by nuclear-produced
heat in combination with fossil-fuelled peak boiler units will amount to
about 3000 Gcal/hr in the designed coldest regime.

The ChP-NPP uses the same WWk.K-1000 reactors which are installed at
NPPs, therefore the limitations for siting of these plants with respect to
the location of large industrial and population agglomerations are similar
LO those for l<PPs.

The Odessa ChP-NPjf is sited 25 km from the city, what requires that a
great heat feeder be build (about 60 000 t of 1000 mm diameter pipes for
heat transit from the plant to the peak boiler units in the city, where
the nuclear-produced heat enters the heat distribution system.

By the year 1990 the construction of similar CHP-NPPs is envisaged
also in the cities of Minsk, Volgograd and Kharkov.

4.10.3 Utilization of the Soviet NHP of the AST-type

Several specific conditions, such as deficit of service water,
ecological reasons, no need for a simultaneous supply of large electric
and thermal power, some economical reasons and construction schedule, make
it not necessary to build large CHP-NPPs. For these cases a 500 MW(t)
water-water vessel-type reactor (K4 AbT-500; has been developed, designed
for generation of heat in the form of hot water. AST produces 860 Gcal/hr
heat as hot water and, in co-operation with peak-heat sources can provide
heat to a district having a total heat consumption of the order of 1700
Gcal/hr.
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une of the very important priorities of this l*iP is that, with
respect to the inherent safety principles used in its design, these
stations can be build in a close vicinity of the populated agglomerations.

The requirements for construction and siting of these NtiPs in the
USSR were issued already in 1978 as an annex to the "General Regulations
for the Safety of Nuclear Power Plants During Design, Construction and
Operation". The English translation of this document, is introduced in
this report as Annex 2.

The "Requirements" take into account several important aspects, such
as:

measures excluding core melting during damages resulting in L OCA

- external impacts connected with human activities, crashed airplanes,
shock waves, etc.

technical precautions related to fuel element reliability, spent fuel
transport, heat transfer, reactor circuits' temperature, heat
exchanger location etc.

4.10.4 Description of the AST-500 NHP*)

As a result of investigation studies which reactor type could be
a reliable basis for a NHP meeting all safety requirements introduced in
the "USSR Siting Requirements .." (see Annex 2) a vessel-type water-water
reactor was taken as the best candidate. The structural scheme of this
reactor called AST-SOU, is shown in Figure 17. The main technical data of
the ASÏ-500 NriP are introduced in Table 10.

«Note;
According to the wish of the participants of this and also the previous
IAEA meetings dealing with the nuclear heat application, the description
of the Soviet AST-500 NHP is introduced in details because there is not a
comprehensive published English text available on this subject.
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Figure 17.

Reactor unit: 1) reactor; 2) cor«;
3) insurance vessel; A) shell unit of pipes
and equipment; 5) pipeline» of secondary
circuit; 6) pressure compensator; 7) con-
trol and safety rod drive Mechanisms; 8) ra-
diation shield; 9) general control rod sec-
tion; 10) heat-exchangers; 11) individual
control rod tubes; 12) Intravcssel pit; 13)
rotation device.

Table 10.
MAIN TECHNICAL DATA OF THE AST-500 REACTOR PLANT

Characteristics Dimension Numerical value

MW

MPa/°C

Reactor thermal power

Characteristics of the primary
circuit coolant:
inlet pressure/temperature
outlet under-heating to saturation
outlet void fraction

Characteristics of the intermediate circuit:
pressure MPa
l-II circuit heat exchanger
inlet/outlet temperature

Characteristics of the heating grid system:
pressure-, heat exchanger MPa

heating grid MPa
supply header/return header temperature

Characteristics of the core:
specific power density MW/n
fuel element diameter/type of fuel mm

500

zil'C-
2.0/250 (130)
0/10.0* «up to 2.0/ 0.0

1.2 "

90/170

2.0
1.6

150/70 (140/60)*

27.0
13.6/UO,

* - Data for the reactor operation under unboillng conditions.
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(a) Construction of the reactor facility:

The reactor unit (Fig.17), which is the principal part of the reactor
facility (RF), represents an assembly of plant in the constitution of
which is included a water-cooled/water-moderated integral-type reactor
which, for the purpose of localizing the hazards associated with
depressurization of the reactor vessel or the pipelines of the ancillary
system of the primary circuit, is enclosed in an "insurance" vessel.

The core and the heat-exchangers of the primary and secondary
circuits are located in the reactor vessel. The upper space of the
reactor above the level of the coolant performs the function of the
primary circuit pressure compensator, heat removal from the core is
effected by natural circulation of the coolant. The ascending part of the
circulation circuit includes a section with the individual control rod
tubes and, located above them, the general control rod section. The
general control rod section is a shaft with little covering by structural
components. À uniform supply of coolant to the tubular systems of the
heat-exchangers is provided through openings made in the shell of the pipe
and equipment unit.

The heat-exchangers of the primary and secondary circuits are
arranged uniformly in the gap formed by the intravessel pit, the pipe and
equipment unit and t fie reactor vessel. The heat-exchangers of the
secondary circuit pipelines are incorporated in three loops, which in the
event of leakage of the tubular systems being detected, can be out off by
inlet and outlet gate valves, located directly on the insurance vessel.

The reactor within the insurance vessel is mounted on an annular
bearing, in the inside recesses of which is arranged the radiation
shield. In the intervessel space below the annular bearing, the rotation
device is located, designed for the assembly of the suspended equipment
for the remote control monitoring of the metal of the reactor vessel and
the insurance vessel.

Above the annular bearing are located the pipelines of the secondary
circuit, the pipelines of the ancillary systems of the primary circuit,
the cables of the primary measurement transducers (suspensions of
ionization chambers, level meters, heat transducers). The upper flange of
the radiation shield, which beyond the insurance vessel is covered with
the iron-concrete structures of the reactor pit, is located above the
reactor cap.

Above the upper flange of the radiation shield, inside the insurance
vessel, are located the control and safety rod drive mechanisms, the
cables of the electric motors and position sensors of the control and
safety rod actuators, and also the cables of the intrareactor measurement
probes.

The reactor vessel is a hermetically welded container with two
flanged joints, which consists of the lower and upper parts of the vessel
and the cap. A hollow block is designed for the location in it of the
fuel elements of the core, the control rod tubes, the mechanisms
connecting the absorbing rods with the control and safety rod actuators,
and the guides for the intrareactor monitoring equipments.
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A straight-tubular heat-exchanger was chosen for the AST-500 reactor,
with movement of the coolant of the primary circuit in the intertube
space. This type of heat-exchanger allows the heat-transfer surface to be
more efficiently planed in the reactor space, bounded by the core pit and
the vessel structures. In order to organize the collant flow of the
primary circuit, each heat-exchanger is provided with an individual
casing. The very slight pressure drops between the circuits determine the
minimum level of the mechanical stresses in the heat-exchanger structures.

(b) Basic circuits of the reactor facility

The primary circuit, intermediate circuit, the mains water circuit,
intermediate circuit for internal requirements, and the technical water
circuit are included in the constitution of the reactor facility and the
servicing systems (Fig.18). The primary circuit includes the main
circulation circuit, and also the systems for the coolant pressure
compensation, coolant purification and purification of the feed water to
the control and safety rod mechanisms in order to prevent the steam-gas
mixture entering them. This circuit is provided with systems for filling
and makeup, sampling, air removal, and drainage.

Fig.18. Schematic diagram of the reactor facility: 1) primary cir-
cuit makeup system; 2) secondary circuit shielding system; 3) pres-
sure compensation system; 4) mains water system; 5) secondary circuit
ancillary systems; 6) intermediate circuit; 7) primary coolant cir-
cuit; 8) system for purification of coolant and feed water to the
control and safety rod mechanisms.

The secondary circuit includes three autonomous circulation loops.
Its structure includes systems for the circuit pressure compensation,
purification of the coolant, filling and makeup, air removal and blow-off,
protection of the circuit from excess pressure above permissible.

The main water circuit within the station bounds includes three
circulation loops (corresponding to the three loops of the secondary
circuit), joined with the hot and cold water manifolds. The technological
parameters of the RF are maintained by means of the supply of mains water
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through the network heat-exchangers by the installation of a regulating
valve. The normal cooling of the reactor facility is effected by
circulations of technical water through the network heat-exchangers or the
cooling heat*exchangers.

(c) Core

The core is assembled from 121 fuel-element assemblies according
to a triangular grid with a pitch of 243 mm. The fuel-element assemblies
contain bundles of fuel elements with a diameter of 13.6 mm, contained in
a hexagonal sheath of zirconium alloy with a size "above the key" of 238
mm and a thickness of 1.5 mm. Individual gravity tubes are provided in
the designwhich ensure hydraulic profiling of the coolant supply through
the fuel element assemblies according to their thermal loading.

The fuel element is made of tubing with dimensions 13.5 x 0.9 mm of
zirconium alloy and filled with pellets of baked uranium dioxide. The
fuel elements in the fuel element assemblies are arranged at the vertices
of a regular triangular lattice with a pitch of 17.8 mm.

For the partial compensation of the reactivity margin on burnup and
for profiling the power distribution over the height of the core,
absorbing elements are installed in the fuel-element assemblies in place
of six fuel elements. They are a tube of zirconium alloy with dimensions
of 13.6 x 0.9 mm, filled with lump boron in an aluminum matrix.

In order to monitor the neutron-physics and thermal-hydraulic
parameters of the core, special measurement probes are provided. For
this, in place of one of the fuel elements in the fuel-element assembly, a
guiding zirconium tube is installed with dimensions 13.0 x U.9 mm, which
serves for locating the probe containing thermal transducers and neutron
flux sensors.

The core is calculated for operation in partial recharging
conditions, with an interval between them of 2 years. Fuel with a uranium
enrichment of 1.0, 1.6 and 2.0% is used in the first charge; in the
stationary regime of operation, makeup is effected with fuel with a
uranium enrichment of 1.6 and 2.0%. The calculated core characteristics
are given in Table 11.

In order to control the reactor power, a regulator is located in each
fuel element assembly (except for the central one). It consists of 18
movable absorber rods, joined with a common crosspiece. The rods are
disposed in guides of zirconium tubes with dimensions 18 x 1 mm, separated
in the bundle together with the fuel elements. There are also guides
inside the gravity tubes. The absorbing rod is a tube of stainless steel
with dimensions 12.5 x 1.2 mm, filled with lumps of boron carbide.

The movable absorbing rods of three or four fuel-element assemblies
are joined and form the working element of the control and safety system
of the reactor (CSSj. The system consists of 36 working elements, each of
which is moved by its own actuator. Without the actuators, the absorbing
rods are fixed in the fuel-element assembly in the very lowest position by
special arrester devices, located there.

The CSS possesses sufficient reactivity for fulfilling all the
planned operating regimes and is capable of transferring the reactor from
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Table 11. Calculated Core Characteristics

Diameter of core, m 2.8
Height of core, m 3.Ü
Energy intensity of core, kW/liter 30
Uranium charge, tons 50.0
Operating time of fuel of first charge, e f f . days 460
Power release nonuniformity coefficient:

over the volume of the core 2.2
over the radius 1.25
over the height 1.8
over the fuel element assemblies 1.24

Effects of reactivity, k e f f ;
by heating of the water 0.012
by heating of the fuel 0.011
by 135Xe poisoning 0.023

Margin on burnup, compensated by control and safety
units at nominal power, keff 0.021

Margin on burnup, compensated by the burning-up
absorber, keff 0.044

Reactivity margin of fuel of cold fresh charge, keff 0.067
Efficiency of control and safety rod system, keff 0.20
Duration of fuel cycle (with three rechargings), years 6
Depth of burnup in stationary operating regime,

MW.days/kg 14

any state to the subcritical state in the condition of malfunction of the
most efficient element of action on the reactivity.

In addition to the electromechanical CjjS, an insurance boron system
of action on the reactivity is provided. It is calculated on a
hypothetical accident with a considerable nember of CSS elements recorded
in the very lowest position and with the necessity of emergency cooling.
Pulse-current chambers are used for neutron monitoring, installed between
the intravessel pit and the reactor vessel.

(d) Water-Chemical and Gas Regime of the Primary Circuit

A neutral adjusted hydrogen-helium water-chemical and gas regime
(WCGR) is used in the primary circuit of the reactor facility. The high
purity of the reactor water with a pH value close to neutral during
operation of the reactor is achieved as a result of continuous
purification of part of the coolant and by carrying out its thorough
deaeration during startup. Normalization of the hydrogen concentration in
the reactor water at the core inlet is accomplished by starting from the
condition of suppression of radiolysis of the water and the formation of
radiolytic oxygen in the circuit.

Adjustment of the WCGR is achieved with hydrogen contained in the
composition of the working gas of the steam-gas pressure compensator. *'or
this, the content of hydrogen in the hydrogen-helium mixture used is
assumed to be such that the mixture cannot form an explosion-hazardous
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concentration of hydrogen when mixed with air in any proportions, which is
ensured by the explosion safety of the overall station systems.

Monitoring of the quality index of the primary circuit coolant is
carried out periodically by means of sample analysis. Instrument methods
of monitoring the individual parameters are also used, with presentation
of the data on a modular control panel.

Samples of the steam-gas mixture are taken only when the content of
gases in the water (with respect to hydrogen and oxygen) exceeds the
maximum permissible values. Continuous monitoring of gas leakage from the
reactor la carried out.

(e) Safety Systems and the Protective Systems of the Reactor Facility

The reactor scram system (SS) is designed for stopping, slowing
down, or limiting the chain reaction in the case of the onset of emergency
situations or deviations from the conditions of normal operation. This is
achieved by giving the appropriate commands to the control system of the
CSS actuators and by the subsequent insertion in the core or by vetoing
withdrawal of the working elements. The insertion with maximum velocity
of all the working elements of the CSS (dumping with deenergizing of the
actuator motors) provides the maximum possible level of protection.

The scram system operates upon the attainment of dangerous power
settings of the reactor or its doubling time, in the case of
overpressurization or depressurization of the primary circuit,
earthquakes, or idling of the station, disconnection of .the NUb, requiring
withdrawal of the KF from operation, and pressure on the scram system
pushbuttons at the modular or emergency control panels.

The number, disposition, efficiency, and injection velocity of the
operating elements of the scram system are such that in hazardous
situations the working elements without exception most efficiently provide
the necessary (with the condition of unimpairment of the fuel elements;
speed of reduction of power and the level of subcriticality of the reactor.

Emergency cooling system (tiCSj of the reactor facility is designed
for the provision of the safe removal of residual heat release in the case
of emergency situations, related with the impossibility of heat removal by
the thermal network and the normal cooling systems. The LCb loops are
connected to the loops of the secondary circuit or to the loops of the
network circuit.

The removal of residual heat release from the core by means of the
emergency cooling system is effected by the natural circulation of the
coolant through the core and the heat-exchangers of the primary-secondary
circuits and the cooling heat-exchangers, with natural circulation of the
cooling water from the reserve water tank through the cooling-heat
exchangers, and then due to evaporation into the atmosphere. The reserve
of water in the tanks is chosen from the conditions for providing
prolonged removal of residual heat release (not less than 3 days;.

Protection system of the primary circuit from overpressurization
ensures protection from excess pressure above the permissible value
without discharge of active coolant, by means of reliable heat removal
from the core into the secondary circuit and subsequent discharge of the
heat into the atmosphere through the cooling channels existing in the
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secondary circuit. This method of protection is achieved because of the
large storage capacity of the circuits, their rigorous thermal connection
provided by the integral grouping of the primary circuit plant, and also
the natural circulation through the primary circuit, the extended
heat-transfer surface of the primary-secondary circuit heat-exchanger, the
natural circulation through the secondary circuit in emergency conditions,
and by use of the standby system of emergency cooling functioning on the
passive principle, each of the three channels of which is capable of
providing the removal of heat from the shut-down reactor and protection of
the primary circuit from overpressurization.

In addition, a system of emergency heat removal is provided in the
faci l i ty , using standby pulsed safety devices in the pressure compensators
of the secondary circuit in conjunction with a reliable make-up. Opening
of the pulsed safety devices in the secondary circuit and the discharge of
coolant f rom it in the form of steam ensure the removal of heat from the
primary circuit and protection of the reactor from overpressurization.

The opening of the pulsed safety devices in the secondary circuit is
provided for both by a signal concerning excess of the permissible
pressure of the primary circuit and by the direct action of the pressure
of the secondary circuit. In the latter case, the pressure in the primary
circuit is limited by the value acceptable for the established tensile
strength of the reactor.

Thus, the principle of protection of the reactor is accomplished by
means of safety devices, but without the discharge of active coolant.
This is very important from the point -of view of radiation consequences in
the conditions of location of heat supply stations in the immediate
vicinity of large cities.

(f) Localizing Systems

The insurance vessel is a passive protective and localizing
device, ensuring safety in the case of depressurization of the reactor
vessel within the limits of the design value and in the case of ruptures
of the pipelines of the primary circuit system located inside the
insurance vessel. A pressure monitor is provided in the latter. The
design of the insurance vessel consists of a lower and upper part, the
volume and configuration of which are chosen from the condition of
guaranteeing the level of the coolant in the reactor above the core.

The dual shut-off armature system in the primary circuit pipelines
within the confines of the insurance vessel is provided for limiting the
discharge of active coolant from the reactor and for ensuring the level of
coolant in the reactor above the core in the case of accidental
depressurization of the pipelines or plant of the primary circuit systems
outside of the insurance vessel.

When the armature is closed, the reactor volume is cut-off from the
ancillary system of the primary circuit. The shut-off valves used are
related to a type of armature which is closed by removing the electric
power sypply from the controlling systems; they have pneumatic actuators
with remote and automatic control, and are vacuum tight relative to the
outside medium. Together with the automatic valves, return valves are
used in the shut-off trunk lines of the primary circuit systems.
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Information about the position of the driving shut-off armature of
the primary circuit, located inside the insurance vessel, is fed
constantly to the control panel. With the appearance of signals
indicating accidental depressurization in the primary circuit systems (for
example, pressure, radioactivity, level;, automatic closure of the
high-speed shut-off valve of the primary circuit in the insurance vessel
occurs, and the reactor is cut-off.

The slide valves of the secondary circuit in the insurance vessel are
used for ensuring localization of active coolant of the primary circuit in
the case of pressurization breakdown of the primary-secondary circuit
heat-exchanger. The slide valves are installed at the water inlet and
outlet of the primary-secondary circuit heat-exchanger, they are disposed
the insurance vessel and are shielded from the outside effects of
structural members. Electric drives with manually operated duplication
are used as actuators in the slide valves. The slide valves are
controlled remotely from the main or emergency control desk.

Closure of the slide valves is effected in sequence: first of all the
slide valve on the cold branch is closed and then the valve on the hot
branch. In order to prevent spurious closure by the slide valve control
circuit, an appropriate interlock is provided. Signalling of the extreme
positions of the shut-off element in the slide valves also is proposed,
with outlet of the information at the control panel of the reactor facility.

Cg) Protection of the Facility from External Lffects

Protection of the reactor facility from external effects was
planned by starting from the following conditions.* an aircraft crash with
a mass ot up to 20 tons at a speed of up to 700 km/h, with subsequent
possible fire: the action of a shock wave with an overpressure at the
shock front of up to 0.05 MPa and a time of action of up to 10 sec.

The layout of the reactor division of the Oor'kii heat supply station
provides for the disposition of the reactor and the systems associated
with the primary circuit in rugged-compact compartments, calculated on the
external effects and also on an internal pressure which may result in the
case of leakage of coolant from the plant and pipelines, causing loss of
pressurization.

The protection of systems which it is not possible to enclose in
compartments, because of their branching and large dimensions (plant and
pipelines of the secondary circuit loop), is effected with an emergency
system and dispersal siting of them in compartments separated by barriers,
calculated on the external effects (schematic view: see Figure
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Figure 19. Two AST-500 in the NHP Connon Building
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The safety system, located outside of the concrete shield,
incorporates three independent functional channels, each of which
completely ensures the operation of the functions of this system. The
independent channels of the safety system are spaced territorially
relative to the reactor pit. Consequently, direct and shadow shielding is
provided from an aircraft crash in any direction and also from a directed
explosion shock wave.

The plant of the reactor facility is capable of operating in regions
subject to seismic effects. In the case of the maximum planned seismic
effects , the reactor facility is shut down and cooled. Automatic shutdown
of the reactor from a seismicity sensor is provided.

Thus, the structural and layout solutions adopted have allowed a
level of safety of the reactor facility to be ensured, thus permitting its
location in the vicinity of large cities. The construction developed for
the pilot units in Gorki and Voronezh is contemplated for the commercial
utilization of AST-500 facilities in the European part of the Soviet Union.

Another design of the NHP with two AST-500 is shown in Figure 20,
where each reactor unit together with ECS loops and safety systems and
spent fuel storage are placed inside a containment of 33 m dla. with a
spherical dome. Systems and installations such as fresh fuel preparation
zone, areas for storage and repair of transfer-handling equipment, liquid
waste processing system, repair shops, ventilation centre which serve both
reactor units, are placed in the main building outside the containment.
The containment of the reactor part is designed with regard to the
influence from the exterior due to impact of 20 t airplane fragments with
700 km/h velocity and due to blast wave of 0.05 MPa pressure.

«0300 T

4.10.5

Figure 20. Two AST units in a containment arrangement.

Features of the District Heating System Operation

Several studies have been made on the implementation of the
AST-500 NHPs in the district heating system, based on the analysis of the
weather conditions in the USSR. To show an example an annual schedule of
heat consumption by a district of a city situated In the European part of
the USSR is introduced in Figure 21. The schedule has two main periods
corresponding to winter and summer; between these two main periods
another transitional period exists when the combination of heat sources
has to be adjusted. In the winter period, with the outdoor temperatures
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Figure 21. Annual Chart of Heat Output from an AST and from
Peaking Facilities.

in tie range of -30°C to -1°C, the base heat load is supplied from the
basic power source and the rest is delivered by peak sources for both
heating and warm water production.

When the outside temperature reaches +8°C the summer operation
season begins and the basic power source is supplying only hot water. As
seen from the schedule the average value of this load does not exceed 15 -
20% Q nom..

As the outside air temperature rises, the direct network water
temperature reduces; an example forseen for a network with the AST-NHP as
a heat source (see Figure 22) shows typical curves for changes of the
supplied and back water temperatures for the conditions of the European
part of the USSR. With fossil-fuelled heat sources the direct water
temperature decrease brings also savings in the fuel consumption.
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Figure 22. Grid Circuit Temperature as a Function of Outer Air Temperature

When co—generation units are employed (fossil-fuelled, as well as
nuclear) then according to the heat consumption load decrease the electric
power production can be increased. The NHP is supposed to be working in
co-operation with peak fossil-fuelled boilers; the heat generation can be
controlled by changing the temperature difference on heat exchangers.
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5. CONCLUSIONS

The growth of nuclear power, in terms of installed capacity, is
proceeding worldwide although at a slower pace than was foreseen in
previous prognoses. The 16% nuclear share in the world's electricity
production is bringing reasonable savings in the consumption of fossil
fuels. The substitution of nuclear sources for fossil-fuelled heating
stations is proceeding slowly. However several countries already went to
the conclusion that the utilization of nuclear heat can not only bring
savings in the fuel economy but contribute also substantially to the
cleanliness of the environment.

The Advisory Group meeting on the Nuclear Heat Application for
District Heating confirmed that there were already good experiences gained
with the utilization of low-temperature heat produced by co-generation at
NPPs (CHP). The technology-scheme is fairly simple and the CUP can be
taken as a proven technology for both hot water and low-tempe rat u re steam
supply. The economy of this process is good and competitive in average
with fossil-fuelled sources. As base sources for centralized district
heating and warm water supplying systems the nuclear CHP sources are well
suited for long heat delivery periods.

With the specialized nuclear heating plants (NUP) not too much
experience has yet been gained. If we omit the Swedish decommissioned
Agesta NHP, then the only one nowadays operating NHP is the Canadian 2MW
SLOWPOKE Energy System. The two pilot plants AST-500 in the USSR are
still under construction. Generally this type of nuclear heat sources is
therefore not yet approved in operation and also the economy cannot yet be
well defined. From the technical point of view this type of nuclear
installations is very perspective because already the designs of reactors
for heating plants brought several important new design approaches and in
the first range the "Inherent-safety" principles. The employment of
"natural physical laws" in self regulation and control processes is now
widely envisaged in the advanced reactor concepts. It can be therefore
expected that - even if later than was foreseen - the MIPs will be applied
as safe and reliable sources for producing heat for space heating and warm
water supply. The expected time horizon could be after the year 2000.

The IAEA will in the future look into questions of nuclear heat
application in broader context with the small and medium power reactors
and advanced reactor systems.
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Annex 1
MAIN DATA OF NUCLER HEATING PLANTS

COUNTRY :

Type of reactor

Thermal power MW
Cool an t /modéra t or

Primary circuit
Type of design
Circulation
Core temperature
outlet C
inlet C°
Pressure MPa
% sceam quality

USSR

AST- 500 AST-300

BWR PWR PWR

500 500 300
H20 / H20 H20 /

integr. integr.
NC NC

200/150 200/120
208/131
1,6 2,0 2,0

mass up to 2 0 0

FRC

K W U HERE-
500 200 300
BWR BWR PWR

500 200 300
H20 H20 / H20

integr.
NC

198/158
198/163 165/115
1,5 1,5 1,5

0,9 0,9 0

SWEDEN
FINLAND

SECURE
4OO 200
PWR PWR

• 400 200
H20 / H20

2 loops
FC

120/90
115/90
0,7 0,7

0 0

FRANCE

THERMOS
100 150

PWR PWR

100 150
H20 / H20

integr.
FC

144/131
144/125
1,3 1,5

0 0

SWITZERLAND CANADA CHINA
People1!
Republic

SHR GHR SLOWPOKE NHR
ES 5 MWt

BWR CCR PWR PWR

10 10 2 to 10 5
H20/H20 He/C H20/H20 r̂ O/ĥ O

integr. integr. tank integr.
NC FC NC NC

198/185 93/68 198/?
450/250
1,5 1,5 0,17 1,5

0,8 - 0
Intermediate circuit
Temperature ° C
delivery
return
Pressure MPa

170/90 130/75
160/90
1,2 1,2 1,2

165/100
160/125 153/75
1,7 1,7 1,7 1,6 1,6

137/96
127/91

180/125 85/60
135/95
1,7 0,8 0,1

Heating system circuit
Temperature ° C
delivery
Pressure MPa

150/70 144/64 120/60
2,6 2,0 2,0

120/70 120/70 140/60
1,0

100/70 100/70
0,8 0,8

130/80 120/80 120/60 120/60 80/55
1,30,7 1,4 1,6 1,5 0,1

1,5 0,8 1,7
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COUNTRY :

Type of reactor

Core
Height/
diameter, mm
Assembly design

Number of
assembl ies
Number of latt ice
position/ass.
Fuel element
design
Core power
density KW/1
Nuclear fuel
Mass, tU
Enrichment of
refuel ling
material 7. 1,
Refuelling
fraction
Fuel reloading
cycle à

AST-500

BWR PWR

3000 3000
2800 2800

hexag.hexag

121 121

168 168

cy 1 . cyl

27,4 30

50 50

6;2,0 l,6;2,

1/3 1/3

2 2

USSR FRG SWEDEN FRANCE SWITZERLAND CANADA CHINA
FINLAND People's

Republic
AST-300 K W U HERE- SECURE THERMOS SHR GHR SLOWPOKE NHR

500 200 300 400 200 100 150 ES 5 MWt
PWR BWR BWR PWR PWR PWR PWR PWR BWR GCR PWR PWR

2920 2350 3807 1974 1200 - 800 , 3 495 580
3300 3136 1760 1200 964 5m 306 600

hexag. square square square square square square - square pebble square square
bed

85 368 180 144 288 144 32 32 28 350 4 12
"Caramel"

64 64 248 60 60 type fuel 78 49

cyl. cyl. cyl. cyl. cyl. cyr. plate cyl. spheric cyl. cyl.

23,0 20 20 12 41 54 2 55 27,57

54 20 70,6 26 13 2,7 1,2 0,34 0,111 0,453

0 5 1,23;2,52 2,7 2,58 3,7 4,5 20 5 3

1 1 1/4 1/4 1/3. ..1/4 1 1 1

20 20 2 2 2 12 16 3



COUNTRY : USSR FRG SWEDEN FRANCE SWITZERLAND CANADA CHINA
FINLAND People'«

Republic
AST-500 AST-300 K W U HERE- SECURE THERMOS SHR GHR SLOWPOKE

500 200 300 400 200 100 150 ES
Type of reactor BWR PWR PWR BWR BWR PWR PWR PWR PWR PWR BWR GCR PWR

Residence time à 6 6 8,8 20 20 88 6. ..8 12 16 3
Average burnup
MWd|tU 15000 14000 40000 14000 27000 22000 30000 17000 85800 11200
Fuel power
density ,
MW|tU 10 10 8,3 10 4,25 15 15 37 8,1 18

NHR
5 MWt
PWR

4600

11,3

NC - natural circulation
FC - forced circulation

O\



Annex 2
USSR SITING REQUIREMENTS FOR

NUCLEAR DISTRICT HEATING PLANTS
AND FOR NUCLEAR CO-GENERATION

WITH REGARD TO RADIOLOGICAL SAFETY*

(Annex to the General Regulations for the Safety of Nuclear Power Plants
During Design. Construction and Operation)

1. GENERAL REGULATIONS

1.1. Nuclear district-heating plants (nuclear reactors) may be built at least
2-3 km from projected boundaries of densely populated urban centres'
provided that the additional safety requirements given in Section 2 are met.1

1.2. When siting a nuclear district-heating plant the following radiation limits
for exposure of the population should not be exceeded:

During normal plant operation the maximum individual radiation dose
in any populated area should not exceed 20 mrem/year, except for
exposure of the thyroid and other critical organs, where the dose limit
is 60 mrem/year for the thyroid of children, while the collective dose
should not exceed 104 man-rem/year for the total population;
For design basis accident conditions the maximum individual radiation
dose outside the perimeter fence of the plant should not exceed 10 rem,
except for exposure of the thyroid of children, while the collective dose
should not exceed 10s man-rem under the worst weather conditions.

1.3. Nuclear co-generation plants with reactor facilities which conform to the
existing General Regulations3and whose specifications meet the require-
ments given in paragraph 1.2 on radiation limits for town populations for
nuclear district-heating plants may be used as sources for district heating.

• Ratified by the USSR Ministry of Power and Electrification, by the USSR State
Committee on the Use of Atomic Energy, and by the USSR Ministry of Health in their
Resolution of 5 October 1978.

1 The projected boundary of the town is regarded u that contained in the approved develop-
ment plan of the town. Further development of the town will need to take into account the
existence of the nuclear district-heating plant and the number of years of its operation.

1 Application of the additional requirements in Section 2 for regions in the Far North for
sparsely populated centres is treated separately for each specific case.

1 General Regulations for the Safety of Nuclear Power Plants During Design, Construction and
Operation, hereafter in this paper referred to as General Regulations.
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These nuclear heating plants may be sited within a zone of densely popu-
lated ce/itres but not closer than the distances from the projected urban
boundaries which are tabulated below and relate to the size of the urban
population4:

Population density 100-300 300-500 500-1000 1000- 2000
(in thousands) 2000 and over

Distance to the 10 12 18 25
boundary (in km)

1.4. All types of nuclear district-heating plant must meet the requirements
in Section 3 which prohibit radioactive substances reaching the consumer
through the heating supply network.

ADDITIONAL SAFETY REQUIREMENTS FOR NUCLEAR
DISTRICT-HEATING PLANTS

Measures should be envisaged to prevent core melt-down in the event
of damage to any of the reactor vessels leading to leakage within the
permissible limits determined by the design features of the vessel. The
impossibility of large-scale leakages should be demonstrated.

2.2. The installations and systems of the plant should be laid out and designed
to allow for external events such as an aircraft crash, explosions in neigh-
bouring industrial plants, or in passing vehicles, etc. In such cases the
population exposure limits, defined for the maximum design basis accident,
should not be exceeded.

2.2.1. The design parameters for an aircraft crash are mass 20 tonnes, velocity
700 km/h, with the load applied over an effective cross-section of 7 m2.
After the crash the possibility of its fuel catching fire must be considered.

2.2.2. The design parameters for shock waves are a maximum of 0.5 kg/cm1 over
a period of 10 seconds.

2.2.3. In the event of an explosion or aircraft crash at least one channel of the
defence systems and one barrier or channel in the accident confinement
systems should still be able to operate.

2.3. At the design stage, the permissible level of leakage in the leaktight contain-
ment system should be established and it should be proved that this level
cannot be exceeded. The degree of leaktightness obtained during design
should be confirmed after manufacture and regularly checked during
operation.

2.4. Provision should be made for the removal of liquid and solid radioactive
waste of different levels of radioactivity and for interim storage (up to
five years) on site, and also for reprocessing and solidification of waste on site.

4 For towns with a population of more thin two million people the siting of a nuclear
co-generation plant 'a considered separately for each specific case.
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2.5. The technological systems for treating radioactive waste should ensure that
it is sufficiently decontaminated to be re-used in the technical water supply.
The total annual activity of the liquid waste released must be established
for each plant at the design stage.

2.6. The operating conditions for, and the fabrication of, fuel elements should
guarantee that they do not exceed the damage limits established: 0.1%
loss of leaktightness and 0.01% contact between the coolant and fuel
element for scintered uranium dioxide, or the equivalent release of activity
into the circuit for other types of fuel.

2.7. Before commissioning a nuclear district-heating plant the licensing
authorities should approve the report on "Technical safety and operation
of the plant", corrected on the basis of results obtained during adjustment
and com mission ing tests.

This report is prepared by the operating organization together with the design
organization, the scientific director and the head designer.

3. REQUIREMENTS FOR PREVENTING RADIOACTIVE PRODUCTS
FROM ENTERING THE HEATING SYSTEM

3.1. The heating network should be designed to prevent the possibility of
radioactive products entering the system. The following minimum
requirements are essential.

3.1.1. Heat from the reactor coolant should be removed via leaktight heat-transfer
surfaces to an intermediate thermal medium.

3.1.2. Heating of the heating network by the thermal medium must take place
only via an intermediate surface.

3.1.3. The pressure of the thermal medium should be lower than the pressure
of the heating network.

3.2. Both during normal operating conditions and in accident conditions the
radioactivity of the thermal medium should not be more than 10 times
the permissible concentration limits for water given in document NRB-76
(Basic Safety Standards for Radiation Protection).

3.3. The heating network should be isolated from the heat exchanger with the
thermal medium in the event of accidental penetration of radioactive
substances into the heating network which might result in the buildup
of radionuclides in excess of the following two limits: 0.1 times the
permissible concentration level for water given in NRB-76 and 10 times
the permissible concentration level of radioactivity in the water supply.

3.4. The heat-exchangers for the district-heating system should be located on
the site of the plant.
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