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1. Scenarios of the development of nuclear
power in Poland until 2050 based on the
available solutions for new generation nuclear
power plants.

2. Quantity of spent fuel and radwaste from
nuclear power plants including the radwastes
produced during the decommissioning of
nuclear power units.

3. Review of the existing and being under
preparation technologies of proceedings and
disposal with:
- radwaste arisen from spent fuel

reprocessing;
- spent fuel;
- low and intermediate radwaste.

There have been considered two scenarios of
macroeconomical development of Poland till
2020:
- upper scenario - the GDP annual rate increase

4.34% and population 42 mln and
- lower scenario - the GDP annual rate increase

3.1% and population 40.4 mln.
The forecasted demand for electric energy in
2020 for the lower scenario is 191 TWh/a and for
the upper scenario 229 TWh/a which corresponds
to the magnitude of installed power 37.5 GW(e)
and 45.4 GW(e) respectively. The Integrated
Resource Planning System foresees [1] the partial
covering of the electric power demand in 2020 by
a nuclear power plant of 50 TWh/a electricity

production for lower scenario and 56 TWh/a in
upper scenario.

The preliminary analysis of forecasted
demand for electric energy in 2050 is 490 TWh/a
for upper scenario and 390 TWh/a for lower
scenario. The nuclear power share will be
evaluated in next stage of this work.

As concern to the spent fuel managemant, the
detailed analysis of long storage and direct
disposal technology was done. The review
covered the technologies developed in Sweden,
Finland, Canada, Spain and Germany was done.
The technologies of fuel reprocessing and
disposal of radwaste from reprocessing processes
will be done in the nex stage of this work.

The management policy concerning the low
and intermediate radwastes were analysed. The
nature and quantities of radwastes from a nuclear
power plant depend on the type of reactor, its
construction, procedures of operation, constrains,
conditions and operational runs as well as on the
quality (leak tighness) of fuel elements, were
analysed. Typical handling procedures for
different radwastes arising from BWR, PWR,
CANDU and GCR reactors were described.

REFERENCES:
[1]. Integrated Resource Planning of Electric
Sources until 2020 in Poland. PPGC Report, June
(1997).

COST OF THE ELECTRICITY GENERATION
IN NUCLEAR POWER PLANT

Stefan Chwaszczewski
Institute of Atomic Energy

PL9901488

This work was performed for presentation on
the XI Conference problems of Energy Fuels in
the National Economy " organised by the Mineral
and Energy Economy Research Centre of Polish
Academy of Science as an invited paper[l].
Based on the level of primary energy
consumption density in Europe ~ 400 toe per
square kilometre in year (the mean value of the
world is 65 toe per square kilometre in year) it
was shown, that only nuclear energy can stabilise
the environmental pollution due to power
generation in the present level.

The analysis of costs of energy production in
nuclear power plants was performed using the
Discounted Cash Flow method proposed by the
IEA, UNIPEDE, IAEA and NEA organisations
[2]. According to this method, the mean cost of
the unit energy production k is given by the
relation:

K _

where: / , - investment cost in year t, including
costs of nuclear plant decommissioning;

,- operation and maintenance cost in
year t, including costs of radwaste
management;
Ft - fuel cost in year / including costs of
spent fuel management;
r - discount ratio;
Et -energy produced in year t,
N - the period of design, construction,
exploitation and decommissioning of NPP.

Based on the available information [3], [4] of
the investment costs, costs of the NPP
decommissioning, costs of operation and
maintenance, cost of radwaste management, fuel
cost and spent fuel management in OECD
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countries, the costs of electricity production were
calculated and analysed for two discount ratio:
5% per year and 10% per year. It was shown, that
due to long period of radwaste and spent fuel
management processes, and long predicted time
of exploitation of new generation of NPP, the cost
of electricity production very slowly depends on
the discount ratio. In some countries, with strong
policy of radwaste and spent fuel management,
the cost of electricity generation is smaller with
discount ratio 10% than with 5%. E.g. in
Germany cost of 1 kWh production in NPP is
0,0511 US$ for r=5% and 0,0503 US$ for r=10%.
In Fig. 1 the distributions of the investment cost,
O&M costs and fuel cost for analysed countries
were shown. There were shown for discount ratio
10 %.
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Fig. 1. The components of costs of electricity
generation in NPP in OECD countries.(discount
ratio -10%).

The results of analysis of the present situation
in the uranium market were presented. It was
shown that present price of natural uranium is
relatively small and lies between 38 and
43 US$/kgU. The uranium price will depend on
the demand of nuclear fuel. But influence of
uranium price on the cost of electricity generation
is relatively small [5].

REFERENCES:
[1]. S. Chwaszczewski: Costs of the Electricity
Production in Nuclear Power Plant. XI
Conference Problems of Energy Fuels in the
National Economy. Mineral and Energy Economy
Research Centre of PAS. Zakopane, October 5-10
Proceedings, pp. 43-58, (1997).
[2]. Electricity Generating Costs for Plants to be
Commissioned in 2000. UNIPEDE, Economics
and Tariffs, (1994).
[3]. G.H. Stevens, E. Bertel: Comparative Assess
ment of Electricity Generation Costs in OECD
Countries. International Symposium New
Generation Nuclear Power Plant, Warsaw,
September 25-27, (1996).
[4]. R. Knox: Load Factors: 1996 Review.
Nuclear Engineering, v 42, No 514, p. 31, May
(1997).

e [5]- W. Dembiriski: Rynek uranu oraz produkeji
i przerobu paliw reaktorowych 1995/1996.

Postepy Techniki Jadrowej V 40 1/97 str. 7,
(1997).

O5
00

o

MECHANISM OF NUCLEI DISINTEGRATION BY HADRONS WITH
ENERGIES OVER PION PRODUCTION THRESHOLD

Elzbieta Strugalska-Gola, Zbigniew Strugalski, Andrzej Wojciechowski
Institute of Atomic Energy

The mechanism of nuclei the disintegration
process in collisions with hadrons at energies over
the pion production threshold is revealed
experimentally [1-7]. The disintegration appears
as a complicated nuclear process developing in
time and space in intranuclear matter, consisting
at least of three stages which last together about
10 24-rl0"16s after the impact.

At the first stage, which, lasts about 10"24+
10"22s, depending on the target-nucleus diameter
and the impact parameter, the fast incident hadron
(e.g. a pion or a nucleon) passes through
intranuclear matter and the target-nucleus is
locally damaged. The cylindrical damage appears
as centered around the hadron course with the
radius approximately as large as the nucleon
diameter. All the nucleons from this cylindrical
volume are emitted; they are observed as the fast
nucleons with kinetic energies from about 20 up

to about 500 MeV ( as the gray track particles if
registered in photoemulsions).

At the second stage, lasting about lO'22-!-
10"16s, the damaged and therefore unstable
residual target-nucleus evaporates light fragments
- mainly nucleons, deuterons, tritons, a-particles.

At the final stage, the residual target- nucleus
decays into two or more nuclear fragments.

It was shown that the energy changes induced
in massive targets by high energy hadronic
projectiles can be well estimated on the basis of
experimental data [5]. In the fast collision stage,
definite energy portion of the incident hadron
energy is used only for the nucleus local damage;
its values were estimated in [3], All the nuclear
processes - the nucleon configuration transfor-
mations in the damaged nucleus, in the second
and the third stages, are realized on account of the


