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Abstract

Czechoslovakia - a rather small country with developed
utilization of nuclear electricity production in the Soviet
types of PWRs - WWERs - is looking forward to the prospects
of high-temperature heat provision for processes enabling
better utilization of brown coal resources, in the first
range with view to the ecology impact improvement. The intro-
duction of the HTGRs could be the best way to solve these
problems in the most convenient approach - i.e. through the
international co-operation with the USSR.
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Heat, HTGR reactor safety, coal gazification.

Introduction

Nuclear power has become an essential part of electri-
city supply in many countries, Czechoslovakia being one of
them. At present, when the state of environment•is continu-
ously worsening due to the burning of fossile fuels with
high content of sulfur and nitrogen compounds (not forgetting
radioactive elements impurities which are also released and
as a result contaminate environment) the enhancing of nuclear
power share appears to be the only reasonable way out.

It should be stressed that burning any fossile fuels,
even "pure" ones, means consumption of atmospheric oxygen
and production of carbon dioxide leading to probably al-
ready advancing greenhouse effect.

In spite of 26,7% of "nuclear" electricity in 1988 Cze-
choslovakia still has to use a big number of fossil fuelled
plants. The biggest ones located in North Bohemian region
burn brown rather poor quality coal from nearby mines. Che-
mical industry of the same area adds to the high level of
pollution. It is clearly realized that for the improvement
of existing conditions in North Bohemia industrial and min-
ing region is necessary to find ecologically advantageous
solution for the future utilisation of brown coal. As one
of such solutions which could be introduced in co-operation
with Soviet partners is production of synthetic gaseous or
liquid fuel using local brown coal and high temperature
heat generated by high-temperature gas cooled reactor.
As alternative heat sources are discussed pressure water
reactors and as alternative heat user - existing and even-
tual future chemical industry in the area.
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Technical answer to this problem if found in near
future should make a necessary impact on ecological situa-
tion of North Bohemia. The Czechoslovak authorities which
pay special attention to the area are currently informed
about planned developments, similarly the local popula-
tion is being kept informed.

General criteria for HTGR introduction

The main part of energy consumed in industrial count-
ries goes to the energy demand of various industries.
Direct (as fuel) and indirect (electricity, steam, hot
water) consumption of energy resources by industry is more
than 60% of the total requirements. Accordingly, industry's
share in air pollution is about 50%. If HTRGs are to solve
the problem of nuclear energy complex use, they could count
on comparable demands of technological and electricity
consumers.

When evaluationg a possible scale of the introduction
of nuclear power it is necessary to take into account
temperature at which heat is actually required. The higher
the temperature, the more difficult the heat production.

Cumulative curves in Fig. 1 show the temperature
dependence of the consumption of heat by whole national
economy and by industry of the SSSR. We beleave that this
type of dependence is common for all countries with highly
developed heavy industry and heat consuming chemical
industry. Rather different picture of heat consumption in
various temperature ranges is in Fig. 2 which represents
situation in countries resembling Switzerland.

Nuclear heat applications could be devided into two
basic categories - use of steam at the temperatures up
to 55O*C and use of helium - up to 95O*C and higher.
LWR's produce saturated steam at tempreratures below
300*C and pressres up to 80 barr (which can be transformed
into slightly superheated steam with pressure up to 120
barr). HTGRs with primary coolant temperatures in the range
of 650 - 75O*C (existing prototypes) produce steam with
parameters similar to fossile fuelled plants steam, i.e.
54O*C and 180 barr. Even these parameters can satisfy the
majority of industrial and chemical energy - technology
complexes. As can be seen in Fig. 1 and as given by
a number of published data, it is possible to cover about
3/4 of technological heat demands at the temperature up to
54O*C.

First generation HTGRs are able to support various
petrochemical separative processes and some of reforming
technologies. The following advanced HTGRs which should
be available after material problems will be definitively
solved can be counted upon for coal gasification, metallurgy
purposes etd.

It can be said that HTGRs may become an universal
source supplying different-temperatures heat as well as
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electricity with high degree of efficiency.

When satisfying heat demands the essential part of
costs is contributed by its transport. Shortening the
distance between heat generating and heat consuming plants
is always problematical. In the case of coal (or oil)-
fuelled heat generator the critical point is uniterrupted
supply of voluminous fuel, nuclear plant's siting is given
by licensed safety limits and conditions.

Renewed attention to high-temperature reactors is
explained by two main reasons: the first being their
inherent safety properties, the second is connected with
HTGR's ability to produce high temperature heat besides
electricity. In this context the most important inherent
(and favourable) properties of HTGRs' are enhanced passive
safety and enhanced efficiency by electricity production.

Modern nuclear'safety concepts are based on so-colled
defence-in-depth which means that all safety related
functions are always overlapping. Thus, any fault is
compensated of its consequence is lessened by the next
(overlapping) defence layer in such a way that the damage
to the health of personal and public is excluded. Multi-
layer defence of any nuclear power plant comprises the
number of barriers which prevent radioactivity release
from the core during operation, all transients and antici-
pated accidents. They consist of:

- nuclear fuel itself (with different ability to retain
fission products),

- cladding

- walls of primary circuit

- confinement of containment*

From this point of view high-temperature reactors are
very favourable because of a superb inherent safety level
resulting from their excellent thermotechnical and neutronic
properties. The main of these properties being:

- low specific power of the core which corresponds to 5-10%
of the relevant value for LWR's,

- high heat capacity of graphite matix of the fuel - 500-1000
MJ/K. The heat capacity available in LWR in case of loss-of-
-coolant accident is about two orders of magnitude lower.
From the moment the flow of the coolant to the core is
interrupted to the beginning of severe damage to the fuel
(no automatic corrective action) the time span in an HTGR
is about 10 hours, in a PWR it takes only several tens of
minutes. According to the model cumputations of a severe
LOCA in WWER-440 (broken main coolant charging line and
lost active emergency core cooling) fuel melting starts
in 32 minutes.

- negative temperature coefficient of reactivity under all
conditions,
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- HTGR's fuel elements (here we speak about spherical fuel
of German and Soviet existing and proposed reactors) have
very low releases of fission products at all normal and
off-normal events - 0,0001% of total fission products
inventory. In Soviet VG-400 the major part of the release
to the primary circuit, which is less than 1000-2000 Ci,
are inert gases. In such a case even complete loss of the
coolant is not going to endanger the safety dose limits.
(That is a reason why in HTGR's designs no containment
is included.)

The CSSR projects for HTGR implementation

It is safe to assume that HTGR with primary helium
temperatures up to 75O°C will not present an unsurpassable
technical challenge because of their similarity to the
successful prototypes. What is not sufficently verified is
actual heat utilization. Taking into account economical
and technological possibilities we suppose that the deve-
lopment will start with medium temperature processes
(maximum temperature below 550 C) and continue towards
high temperature technologies - cool gasification. The
first temperature region enables catalytic reforming of
methan with subsequent transfer to other applications
based on hydrogen. We do not expect that technologies like
coal gasification will become industrial earlier than in
the beginning of the next century.

The main problems envisaged are construction materials,
and actual design of chemical reactors. Such materials are
in Czechoslovakia not available and their eventual develop-
ment is believed to be unlikely. So, for the CSSR the only
possibility to introduce HTGRs as well as following-up
technologies is co-operation with the SSSR and eventual
co-operation with other countries on some individual
problems.

Therefore, the realistic approach to the HTGR's
introduction into Czechoslovak integrated power supply
system could include an intermediate period when necessary
high potential heat will be supplied by fossile fuelled
advanced (with minimum impact on environment) power plant.
The requisit condition of such an approach is that the
actucal heat - chemical system is able to absorb the
exchange of a classical plant for HTGR.

The CSSR, thus, cannot separately develop all aspects
of high-temperature reactor application for process heat
purposes. On the other hand, our country has established
the large and reliable nuclear engineering base which could
be employed to benefit our common purpose - industrial HTGR.
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STRUCTURE OF ENERGY CONSUMPTION IN THE USSR
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Fig. 2

The energy consumption in Switzerland

as a function of temperature
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LESSING OF THE POLLUTION BURDEN TO THE ENVIRONMENT

DUE TO THE SUBSTITUTION OF FOSSIL FUELLED PLANTS BY NUCLEAR

INCREASE OF THE NUCLEAR ELECTRICITY PRODUCTION

year

TWh/y

DECREASE OF POLLUTIONS' p.y

SO2 (1O6 tons)

NO (1O6 tons)

solid (10 tons

1990

26,8

1995

46,0

2000

62,8

2005

82,1

1 t i
i t •

: : :
> • i

0,63

0,261

6,27

1,09

0,448

10,86

1,52

0,612

15,34

2,0

0,798

20,30
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