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Abstract

Cost and success of decommissioning and dismantling nuclear power plants or other nuclear
facilities are very much related to the chosen strategy and their implementation in practice.
The strategy to be developed depends on the specific boundary conditions in a certain country
and plant. Inadequate planning and equipment considered too late cause delays in the
project performance and improvisations with financial and radiological consequences.

For the development of a decommissioning strategy for a nuclear power plant broad
experience from past D&D-projects is very important. That experience is very helpful in
assessing the importance of the many factors which determine the success or failure of
strategic decisions. Tools for the systematic recording and investigation of the needed
measures and expenditures are available, eg. the decommissioning cost program STILLKO-2,
which has been established as standard tool.

1 Introduction

Cost and success of decommissioning and dismantling nuclear power plants (NPPs) or an
other nuclear facility are very much related to the chosen strategy and its implementation in
practice. The strategy to be developed depends on the specific boundary conditions in a
certain country and plant, eg. the presence of intermediate and final storage facilities, financial
provisions, substitute energy, the situation at the site, conditions in the plant, capacity for
planning, available techniques and know-how for dismantling.

2 Objectives

The strategy for decommissioning especially aims to the choice of commencement and of a
decommissioning alternative. The strategy should specify in addition the kind and extension
of preparatory measures to be implemented already during regular operation, in order, to make
later decommissioning and dismantling easier and cheaper.
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During the development of the decommissioning strategy problem areas should be identified
and concepts for solutions should be worked out in an early stage. This is important
especially for countries with one or few NPPs only, because measures for infrastructur and
international cooperation have to be installed well in advance.

3 Structure of decommissioning

Between final shut down and the establishment of the "green field" the NPP has to pass
several phases (Fig. 1). The duration of these phases are of course different, as well as the
corresponding requirements for safety. In consequence.the cost rates decrease in this phases
continuously but depending on the details of the selected decommissioning alternative.

4 Factors effecting decommissioning alternative

Factors that are important for selecting the appropriate commencement and the best
alternative for decommissioning include:

4.1 Energy policy

NPPs are normally designed for an operating time of several decades (eg. 40 years). The
decision to retire a NPP is generally made for economical reasons by the plant owner. The
plant economy is determined by a number of aspects like regulatory demands, existing
national infrastructure, cost of substitution energy etc.. Although the operation time can often
be extended well beyond the design life time by refurbishment and upgrading measures, at
some point in time it becomes finally, technically and economically advantageous to
decommission the NPP.

4.2 Legislation and regulatory framework

The competence of the National Atomic Act and international guidelines for nuclear safety
do not end with the final shut down of the plant. They rather remain applicable until it can
be proved that the plant presents no further risk to the environment. This risk decreases by
five or more orders of magnitude after the removal of the spent fuel and the highly
radioactive operational waste from the NPP.

At that time neither criticality nor leakage of large amounts of highly radioactive liquids or
gases can arise. Therefore, the regulatory framework on-site should be modified at that time
to less restrictive, specially suited regulations for decommissioning. Former operational
regulations and working procedures inadequate for decommissioning should be ommitted in
any case. For instance, the decrease of the clearance levels by a factor of ten may lead to a
50% increase in verification effort required for the unrestricted release of material out of the
controlled area /I/.

Experience have shown too that the radiation exposure during dismantling will be minimal,
not more than a few percent of the radiation exposure during reactor operation. Further
reduction of the exposure limits could result in a strong increase of the decommissioning
expenditures.
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4.3 Scope of decommissioning

- Situation at the site

It is very important with respect to the performance and the cost whether the
decommissioning will be executed on a single unit or on a further operated multi-unit site.
For decommissioning a single unit a quick straight foward dismantling is much more suitable
than for a multi-unit site where the remaining staff can be utilized for dismantling measures
whenever available.

- Conditions in the reactor unit

Some defined systems and devices in the unit have to be in such a condition that they are
available for decommissioning. Space and radiological situation inside the unit should allow
to install new equipment and transportation routes.

- Planned or unforeseen decommissioning

Unforeseen or unprepared decommissioning causes a dead time in the beginning of up to five
years or more. Realizing that the stand-by cost of a large NPP could be in the range of 100 -
150 MDM/a (for Germany) it is obvious that this cost will finally accummulate to a
significant amount of the total decommissioning cost.

- Availability of planning capacity

Inadequate planning and equipment considered too late cause delays in the project
performance and improvisations with financial and radiological consequences.

- Availability of techniques and know-how

Safe and effective dismantling techniques and special decommissioning know-how are
essential to avoid failures and ill-fated attempts during performance of dismantling.
Procedures for decommissioning are often rather different from procedures in an operating
plant.

4.4 Waste management

One of the most important aspects of decommissioning is the waste management strategy, ie.
treatment, handling and intermediate and final disposal of radioactive material. Main issues
of the waste management strategy are the management of the spent fuel and control rods and
the management of the decommissioning waste.

Especially the planning, licensing and construction of a storage facility needs a lot of time, so^
it is necessary to develop appropriate strategies timely already during the operation time of
the nuclear facilities. The selection of an appropriate strategy for intermediate and/or final
repositories should be made before or at the latest in connection with the development of the
appropriate decommissioning strategy, because there is a significant impact on the boundary
conditions of a decommissioning.
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The post-operational period between final shut down of the reactor and removal of the spent
fuel elements out of the reactor unit turns out to be a very important cost driver. The moment,
the spent fuel is removed out of the reactor unit determines the start of the on site measures
for dismantling. Moreover from this moment on significant simplifications in operation (eg.
shifts, cooling) are possible and therefore the operating costs may be reduced due to less
stringent requirements for safety and security.

Volume and cost of the other radioactive waste to be disposed is determined by the treatment
and conditioning methodes and techniques.

4.5 Future use of site

If a future use of other nuclear facilities is foreseen on the site, adeferred dismantling of the
decommissioned unit might be favourable. In connection with the operation of the other units
the surveillance of the decommissioned unit could be facilitated. Units on sites with several
decommissioned reactor units could be dismantled with reduced cost due to sharing of
dismantling equipment.

4.6 Financial provisions

In the case that no provisions for later dismantling were made, decommissioning measures
must be delayed. In consequence, the total costs increase.

5 Measures to reduce expenditures

In order to reduce the expenditures for decommissioning, the planning for decommissioning
should start already early during final operation periode. Therefore the following items
should be taken into account:

- Early removal of older spent fuel and of operational waste out of the reactor unit

- Reducing spare parts stock

- Updating documentation of the plant's status

- Evaluating the as-operated situation of the plant

- Conceptual planning for decommissioning

- Check up licensing requirements and procedures, developing a licensing concept

- Providing treatment and conditioning capacity

- Providing storage capacity for remaining operational waste and decommissioning waste

- Providing capacities for fuel reprocessing and final disposal of spent fuel.
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After final shut down at the latest the following measures should be started:

- Detailled planning of decommissioning measures

- Elaborate proposal for decommissioning licence

- Develop on-site operational procedures for decommissioning

- Disposition of staff, personal provisions

- Removal of obsolete substances and filter contents, rinsing of components and systems

- Removal of spent fuel from the reactor
A pre-requisite for economically sound strategies for decommissioning is the existence
of an infra-structure required for spent fuel removal from the reactor. It is of secondary
concern whether the spent fuel will be delivered to the reprocessing plant, to an inter-
mediate storage facility, or whether it will be disposed off directly. In Germany, for
example, there is a significant cost benefit for the direct disposal of spent fuel. This might
certainly be true for other countries with access to a direct disposal facility.

- Treatment and conditioning of operational waste
Operational waste should be segregated, treated and conditioned to reduce the waste
volume and the cost for disposal.

- Disposal of operational and decommissioning waste from the reactor unit
The arising wastes should be disposed off directly. A more or less long-lasting intermediate
storage increases the cost. On the other hand, a small portion of the stored waste
will be releaseable only after a storage time of perhaps three centuries, due to the slowly
decaying radionuclides such as Ni63, Nb94 or Ni59 111. Nevertheless, intermediate storage
could be usefull for highly activated internals of the reactor pressure vessel if these internals
exceed the radioactivity limit values (eg. decay heat) of the final repository. After the
intermediate storage of these highly activated components the activity and the cost decrease
substantially.

6 Conclusions

For the development of a decommissioning strategy for a nuclear power plant broad
experience from past D&D-projects is very important especially for conceptual planning, cost
calculations, planning for performance and licensing and for the management of waste. That
experience is very helpful in assessing the importance of the many factors which determine
the success or failure of strategic decisions. Tools for the systematic recording and
investigation of the needed measures and expenditures are available, eg. the decommissioning.
cost programm STILLKO-2 (Fig. 2, 3) 131, which has been successfully established as
standard tool for all NPPs in Germany and many abroad.
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Fig. 1: Schedule of decommissioning phases (deferred dismantling)
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Fig. 2: Schematic structure of decommissioning cost calculation program STILLKO 2
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