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ABSTRACT

The first part of the paper gives a brief description of decommissioning scenarios and
models of financing the decommissioning of NPPs. The second part contains a review of
decommissioning costs for certain PWR plants with a brief description of methods used for
that purpose. The third part of the paper the authors dedicated to the assessment of
decommissioning costs for Krsko NPP. It does not deal with ownership relations and
obligations ensuing from them. It starts from the simple point that decommissioning is an
obligation of the owner and that he is going to fulfill it. Assumption of the analysis is that the
structure of the decommissioning fund is composed of three basic cost items of which the first
refers to radioactive waste management, the second to storage and disposal of the spent
nuclear fuel and the third to decommissioning itself. The assessment belongs to the category of
preliminary activities and as such has a limited scope and meaning. Nevertheless, the authors
believe that it offers a useful insight into the basic costs that will burden the decommissioning
fund of Krsko NPP.

INTRODUCTION

Decommissioning of a NPP in general sense is defined as a set of measures, procedures
and activities which are to be implemented after the permanent shutdown of the reactor with
the objective of minimizing the residual radioactivity and performing the site usable again for
the same or other purposes. The scope of decommissioning activities depends on assessment
of the post-decommissioning status of the site so that one can differ between decommissioning
with a full or reduced scope of activities. Decommissioning in a reduced scope is completed
when all radioactive materials are removed from the site, while full scope additionally includes
decommissioning and transport of all construction structures and uncontaminated materials
from the plant site. This is commonly known as the green field approach.

Up to 1999 the operation of 124 different nuclear reactors has been closed worldwide,
out of which some 20 of them belong to the category of small capacity prototype reactors.
Experiences gained in decommissioning these reactors have confirmed a high level of
radiological safety, technical feasibility and ecological acceptability of the decommissioning
technologies. Thus developed decommissioning procedures are being applied today on a great
number of commercial nuclear power plants.

According to the time scale and related scope of activities three basic decommissioning
scenarios have been developed. These are the decontamination and fast decommissioning or
Decon, the process of storing activated components and delayed decommissioning or Safstor
and the process of immobilization at the plant site or Entomb. Differences between particular
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decommissioning scenarios1 are visible in their time of duration (Decon - 15, Safstor - 30 to
100, Entomb - 100 years and more), decontamination and decommissioning technologies,
radiation exposure of professional personnel, quantities of radioactive waste that are extracted
in the process of decommissioning, decommissioning costs etc.

FINANCING MODELS

Financing models for decommissioning of~NPPs are specific and differ between
countries. In spite of that it is possible to define several features that almost all models have in
common. At the first place it is the responsibility of the plant owner to finance the
decommissioning. Almost all models include establishment of funds for collecting necessary
financial means. The most common are centralized (Finland, France, Japan, Germany, Spain,
Sweden, UK) or internal funds (Belgium, Canada, USA), mainly depending on the ownership
structure. In some countries these funds are not established just for the purpose of
decommissioning but for a complete back-end fuel cycle (Finland, Spain, Sweden).

The present practice in countries with developed nuclear programs differs between two
basic models for collecting financial means for decommissioning. These are External sinking
fund (or rate payments) and Prepayment model (or payment in advance). External sinking fund
implies collection of financial means during the NPP commercial operation and is the most
common financing model. Financial means are collected through bills for electricity supplied to
the consumers from the NPPs or in such a way to burden production of all parts of the
electricity production system (Spain). The most common scheme for collection of financial
means include the duration of collecting for the period from 20 to 30 years during the plant
commercial operation, applying an annual discount rate between 0 and 4% and exemption
from taxes on collected financial means. The collected financial means are deposited into a
fund that is not directly under competence of the plant owner.

The prepayment model implies establishment of a decommissioning fund as early as
beginning of commercial operation of the plant and payment of a sum sufficient to perform the
complete decommissioning activities. Prepayment may be in the form of a trust, escrow
account, government fund, certificate of deposit or deposit of government securities. Still, this
way of securing financial means has a more theoretical than practical meaning.

Besides the two mentioned models there is a third, known as a Surety fund (Italy).
According to this model the owner of a nuclear power plant issues a letter of guarantee in
which he obliges himself to cover the decommissioning costs in a certain period of time, even
if he is not able to secure the necessary financial means from the income resulting from the
commercial operation of the plant.

'Scenarios listed here have been developed by US Nuclear Regulatory Commission (NRC). It should be pointed out that
besides the NRC approach, an approach based on German practice was also recognized worldwide. That approach implies
decommissioning with a full scope of activities. Another difference is that the German practice differs between two
scenarios: Immediate dismantling (in line with Decon) and Later dismantling (similar to Safstor). Besides that, another
approach to deconunissioning is supported by IAEA (International Atomic Energy Agency) and NEA (Nuclear Energy
Agency), which was developed with the main purpose to enable a comparison between various decommissioning scenarios
on international level. IAEA and NEA concepts differ between three stages of decommissioning. Each of them is described
by status of equipment and facility as well as a type of surveillance being used.
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DECOMMISSIONING COSTS

Total amount of financial means necessary for decommissioning depends on the type
and capacity of the plant, the selected decommissioning scenario and the way in which the
disposal of radioactive waste (low and intermediate level) as well as management of spent fuel
have been dealt with. Total decommissioning costs are also effected by specific long-term
economic circumstances in the country in which a NPP~is located (inflation, discount rate,
price of electricity, price of labor, legislation etc.). Besides, the time period between the
assessment of decommissioning costs and the actual beginning of decommissioning activities
introduces additional difficulties in comparative evaluation of the estimated costs. In relation
to that it is necessary to clearly distinguish between nominal (not discounted) from real
(discounted) costs. Because of the long timeframe these two amounts can be a few times more
or less. A good example of that is assessment referring to decommissioning costs of Seabrook
NPP (1.150 MWe, PWR, New Hampshire, USA). Nominal decommissioning costs, expected
to begin in 2026, have been estimated to a sum of 1,6-109 $US2, while the real costs have been
estimated to a sum of 324-106 $US3 (USC, 199S). However, it -can be said that
decommissioning costs in absolute amount grow with increasing of the plant capacity while
specific costs (expressed by a unit of installed capacity) at the same time, are decreasing.

One of the simplest approaches (Adamov, 1998.) warns that nominal costs of a
commercial NPP decommissioning range between 10 and 20% of total investment for plant
construction. Simultaneously, real costs (with an annual discount rate of 5%) according to the
same reference, are estimated between 2 and 4% of the total investment. On the other hand,
sophisticated approaches that take into account uncertainties commonly associated to such
kind of assessments, indicate that the real decommissioning costs (with an annual discount rate
of 4%) can participate in the unit price of the supplied electricity from the NPP with some 5%
(11IC, 1998.).

Under the Code of Federal Regulation (10 CFR Part 50.75), the NRC established
minimum real decommissioning cots (RDC) for a PWR plants required to demonstrate
reasonable assurance of funds for decommissioning as follows:

1) 1.200 MWt < P < 3.400 MWt => RDC = 75-106 + 0,0088-P $US (1986 dollars)
2) P > 3.400 MWt => RDC = 105-106 $US (1986 dollars)

where P represents the power level expressed in MWt4. Additionally, an adjustment factor at
least equal to 0,65-L + 0,13-E + 0,22-B is to be used, where L is labor cost, E is energy cost,
and B is low-level radioactive waste burial cost. On the basis of this approach it follows that
the minimum real financial means necessary to finance decommissioning of a PWR plant with
capacity of 1.000 MWe should amount to approximately 105-106 $US (1986 dollars), i.e.
approximately 156-106 $US (1998 dollars)5. Therein it should be pointed out that the stated
sum includes the costs of removing and disposing of radioactive wastes from the site, but not
the costs of removing other construction structures and materials. Also, the stated sum does
not include the costs of storage and subsequent disposal of the spent nuclear fuel.

2Mentioned amount refers to value of $US expected in 2026, and it includes inflation and the profit of the fund as well.
Calculation is based on the real annual rate of 2%.

Value of $US in 1991.

'For a PWR'of less than 1.200 MWt use in the formula P = 1.200 MWt.

Re-calculated on the basis of analysis given in NEI, 1999.
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According to an estimation given in Strauss and Kelsey, 1991, based on the
decommissioning costs analysis for 47 PWR plants in USA, it follows that mean real
decommissioning costs for a PWR plant with capacity of 1.000 MWe amount to some 191-106

$US (1989 dollars) with standard deviation of 65-106 $US. The structure of thus estimated
costs is shown in Figure 1 which clearly shows that the biggest part of costs in the overall
structure of the decommissioning fund is allocated for removal and disposal of radioactive
waste (low and intermediate level). _

Contractor
labor
2 1 %

Utility
staff labor

25%

LLW
disposal

38%

Energy
8%

Figure 1 Structure of decommissioning costs for a PWR plant

Since according to the present estimations the operation of the disposal facility for
spent fuel at Yucca Mountain6 (Nevada, USA) is not expected before 2010, the structure of
the decommissioning fund for NPPs in USA has been additionally burdened by costs of storing
the spent nuclear fuel. In order to bridge over a period until beginning of operation of the
Yucca Mountain disposal facility, the owners of NPPs in USA have taken to constructing
premises for temporary storage of spent fuel. Those premises are designed as wet or dry
storage and are called ISFSI facilities (Independent Spent Fuel Storage Installation). ISFSI are
mostly being located at the site of the NPP itself. Table 1 represents a compilation of data
from several references and gives a review of real decommissioning costs of some PWR plants
in USA which include the costs of construction and operation of ISFSI. On the basis of data
shown in the Table, having in mind an important note that the specific costs of disposing
radioactive waste have increased in the meantime, the conclusion ensues that total
decommissioning costs in recent times have more than doubled in comparison with
requirements of NRC, i.e. assessment given by Strauss and Kelsey, 1991.

"The disposal facility is planned for receiving spent fuel from all NPPs in USA. Up to 1998, when the disposal facility was
due to start operation, plant owners gave 0,1 cUS per kWh of electricity supplied to the consumers for realization of this
project, which amounted to a total of 15-109 $US. Total costs of disposing of spent fuel (and high radioactive waste) at the
Yucca Mountain facility up to 2042 (year of its planned closure) have been estimated to approximately 43,5-109 SUS
{DOE, 1998).
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Table 1 Commercial Reactors in

Shutdown

1989

1991

1992

1996

1996

Capacity
(MWc)

913

167

1.095

590

860

Nuclear Fuel
Status

ISFSI Costs
Included

ISFSI Costs
Included

ISFSI Costs
Included

On Site
Wet Fuel Storage

ISFSI Costs
Included

Decommissioning

Scenario

Safstor to Decon

Decon

Decon

Decon

Decon

Decommissioning
Costs (106 SUS)

340 (1994)

369 (1994)

509 (1995)

427 (1996)

508 (1997)

DECOMMISSIONING COSTS OF KRSKO NPP

This preliminary assessment of Krsko NPP decommissioning costs is not intended to
deal with ownership relations and obligations ensuing from it. It starts from the point of view
that decommissioning is an obligation of the owner and that he will fulfill it. Assumption of the
analysis is that the structure of the decommissioning fund is composed of three basic cost
items. The first refers to radioactive waste management (low and intermediate level), the
second to storage and disposal of the spent fuel and the third to decommissioning itself. Ln line
with that, the following three options are supposed:

• Radioactive waste repository is designed for receiving approximately 18.000 m3

of low and intermediate radioactive waste (6.000 m3 coming from NPP operation
and 12.000 m3 coming from decommissioning). It is supposed that operation of
the repository will start in 2013.

• ISFSI facility with capacity sufficient to receive approximately 1.600 spent fuel
elements (660 tTM, 330 m3) located at NPP Krsko site will be available at latest
until 2023. The time of duration of dry storage is around 60 years. After this
period the construction of spent fuel repository should begin.

• Decommissioning of the plant starts in 2023. Duration of fast decommissioning
amounts to 14 years while the period of storing the activated components at the
Krsko NPP site amounts to 82 years. Thus, total time of duration of the
decommissioning scenario amounts to 96 years (NIS, 1996).

Above stated options are described from the aspect of nominal costs (Table 2) and
timeframe of decommissioning activities as well (Figure 2).
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Table 2 Nominal costs (1999 dollars)

Options

Radioactive waste

Spent nuclear fuel

Decommissioning

TOTAL

Costs
(106 SUS)

112,5

291,5

200,5

604,5

Remarks

Structure of costs includes site investigation, construction,
operation and closure of the repository. Costs are estimated on
the basis of available data that refer to disposal facilities in
France, Spain and UK.

Structure of costs includes acquisition of containers for dry
storage, construction and operation of ISFSI - 62,7- [Q6 SUS
(Siemens, 1997 and Holtec, 1997) and planning, construction
and operation of the spent fuel repository - 228,8-106 $US
(OECD, 1998). Estimation of costs for disposal of spent fuel is
based on a unit price of 0,13 cUS/kWh. Operational lifetime of
the plant is supposed to be 40 years. Average annual electricity
production is assumed to be 4,4 TWh.

Structure of costs includes management of decommissioning
waste at the site, handling the spent fuel and decommissioning
activities as well. Amount of costs was taken from NIS, 1996.

Radioactive Waste Management

2000 2013 2023 2039 2085 2095 2105 2122

Time (y)

Figure 2 Timeframe of decommissioning activities for Krsko NPP

In the assessment, a financing model was applied that implies annual payments into
decommissioning fund in the period between 2000 and 2023, when the plant is supposed to
cease operation. For assessment of discounted financial means the Net present value method
was used and an annual discount rate of 3,5 % was applied in calculation.
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Results of application of the simplified model have been divided with regards to two
time periods, collecting and engaging period. The first refers to collecting financial means into
the decommissioning fund, starting in 2000 and lasting until the permanent shutdown of the
reactor (2023), while the second period refers to engaging the collected financial means.

Collection of financial means necessary for management of radioactive waste, spent
nuclear fuel and decommissioning of Krsko NPP (Figure 3) is performed in 23 annual
payments. The amount of the annual payment is estimated at 10,88-106 $US. In this way by
the end of 2023 a total discounted sum of 228,1-106 $US will be collected (target value)
which should according to the applied model be sufficient for performing all activities foreseen
in the timeframe. From 2023 on, financial means can no longer be collected through annual
payments since the NPP no longer operates. After intensive engagement of financial means in
the period of 14 years due to implementing decommissioning activities, the status of the
remaining financial means begins to increase. That is exclusively because of placing those
financial means at the assumed discount rate.
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150,00

100,00

50,00

0,00 l l < M « t I I M U t f l t l .

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120

Time (y)

Figure 3 Stats of financial means in the fund

The period of collecting financial means starts to overlap with their engagement as
soon as 2004 when site investigation activities for the radioactive waste repository start and
2013 when start activities related to construction of ISFSI for dry storage of spent fuel.
Therein, until 2004, or 2013, taking into account the already started engagement of financial
means, the total collected amount is 42,3-106 and 114,3-106 $US respectively (Figure 3).

Presentation of uniform engagement of financial means from the decommissioning fund
for implementation of mentioned options is given in Figure 4. The figure clearly shows three
periods that are characterized by engagement of big amounts of money. The first period lasts
between 2004 and 2039 and
includes:

a sum of 370,1-10 $US is being cumulatively engaged. It

1) engagement of financial means for the purposes of constructing, operating and
closure the radioactive waste repository,

2) engagement of financial means for the purposes of construction and operation of
ISFSI and

3) engagement of financial means for the purpose of fast decommissioning.
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Figure 4 Engagement of financial means from the fund

The second engagement period lasts between 2085 and 2105, when financial means are
engaged for the purposes of construction and operation of the spent fuel repository. The total
sum was estimated at 228,8-106 $US. The third period is around 2120. This is the period of
implementing the activities of decommissioning and removing activated components that have
been stored for 82 years at the Krsko NPP site. The total amount of these costs was estimated
at5,8-106$US.

The total sum of the financial means engaged in this way amounts to 604,7-106 $US as
was estimated at the beginning of the analysis (Table 2). However, it should be noted that the
listed costs do not cover a complete structure of the decommissioning fund. Namely, the costs
referring to institutional control of the radioactive waste repository, ISFSI and spent fuel
repository, costs of storing the activated components at the Krsko NPP site, as well as costs
of compensation to the local community have not been considered in this short analysis.

CONCLUSION

Results of this brief analysis point to the following conclusion: in order to secure
sufficient financial means for financing of all activities included in the assessment that refer to
management of radioactive waste and spent fuel as well as decommissioning of Krsko NPP as
it is described previously, it is necessary to make annual payments (between 2000 and 2023)
into the decommissioning fund in amount of 10,88-106 $US. Accordingly, the unit price of
electricity supplied from Krsko NPP in that period would increase for 0,247 cUS/kWh that is
approximately 5% of the actual unit price (5 cUS/kWh). This result complies with data given
in UIC, 1998.

If however, one retracts from the nominal costs (604,7-106 $US) the costs of
construction of the spent fuel repository (228,8-106 $US), then the total sum needed for
decommissioning activities would amount to 375,9-106 $US. It can be stated that this sum is
comparable with data shown in the Table 1. Also, if one retracts from that sum the costs of
dry storage of spent fuel, then it issues that the costs of radioactive waste management (112,5-
106 $US) participate with some 36% in the total decommissioning costs (3 13,0-106 $US),
which is in accordance with the structure of costs shown in the Figure 1.
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The brief analysis presented in the paper is one of the first assessments of this kind in
the country, so it should be considered as a preliminary one. It has several drawbacks that are
associated to all preliminary assessments. One of them refers to the fact that the authors deal
with the analysis of only one set of possible options related to management of radioactive
waste and spent fuel. Besides that, a realistic possibility of extending the operational lifetime
of Krsko NPP for additional 20 years has not been included in the assessment. Although the
decommissioning scenario is not a part ofjhe analysis, the word play in its name should
nevertheless be pointed out. Namely, the scenario is being called a fast one (decontamination
and decommissioning last for 14 years). However, the long period of storing the activated
components at the site of 82 years introduces uncertainties related to post-decommissioning
status of the site. Even if the selected option of management of radioactive waste and spent
fuel can be considered relevant, it should be kept in mind that certain groups of costs (costs of
institutional controls and compensation to local community) have not been included in this
assessment. Since these costs are distributed over a quite significant period of time, their
contribution to the total decommissioning costs can be a considerable one. Finally, the analysis
of uncertainties has not been included in this preliminary assessment. In spite of these
drawbacks, the authors believe that this preliminary assessment gives a useful insight into the
basic costs that will burden the decommissioning fund for Krsko NPP.
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