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Abstract. At present in Ukraine, 13 WWER type units are in operation and two other ones are in the final stage
of construction. Decommissioning of these units is expected after the year 2010. General planning of their
decommissioning is developed in the framework of the decommissioning strategy of operating WWER type
units. The strategy contains the objectives, principles and main tasks of the decommissioning as well as the
activities at each phase of decommissioning. It is considered a broad range of factors important for the planning
and implementation of decommissioning.

INTRODUCTION

At present the power industry of Ukraine is based to a great extent on the use of nuclear energy.
Ukraine occupies 8th place in the world for the number of reactors and their total capacity. In 2000 the
share of electricity generated by nuclear units was about 45.3% of the total electricity generated in the
country. There are 4 NPP sites in Ukraine, which operate WWERs (see Figure 1). After the final
prescheduled shutdown of Chernobyl NPP (ChNPP) Unit 3 in December of 2000, there are now 13
WWER nuclear units operated by the national atomic energy generating company "Energoatom".
Two units are now under construction to replace ChNPP, Rovno unit 4 and Khmelnitsky unit 2. The
Rovno site is the only one with WWER-440 reactors (2 units), while all the other sites have WWER-
1000 reactors.

Normally, the designed life of a WWER type reactor should be about 30 years of operation, therefore
the initially designed closure of these units has to occur in the period from 2011 to 2025. Currently it
is planned to extend the operating period up to 40-50 years depending on the unit conditions, but all
necessary measures to decommission the facilities are planned and have to be carried out before the
end of the 30-year operational period.

The decommissioning programme for the WWER units in the Ukraine is currently in its early stages.
Until now, mainly preliminary studies have been developed. Because an early planning will facilitate
the execution of decommissioning activities and reduce costs, the general approach is to perform
possible the NPP Decommissioning Conception (decommissioning strategy) of the operating WWER
type units in the Ukraine. This document should be the basis for the development of the
decommissioning programme for each individual unit accounting for their common design features.
Now the work on Conception is in progress. The purpose of present paper is to outline the main
principles of this concept.
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Figure 1. NPP sites in Ukraine

LEGISLATIVE AND REGULATORY FRAMEWORK

Ukrainian national policy on decommissioning

Ukraine has a well-developed national legislation and regulations in the field of the peaceful use of
nuclear energy. The law "On nuclear energy use and radiation safety" [1] establishes the main
principles and priorities for the safe use of nuclear energy and regulates activities in the nuclear field.
This law also covers decommissioning activities. Another laws relevant to the decommissioning are
the law, "On human protection against the impact of ionising radiation" [2], "On radioactive waste
management" [3] and "On permissive activity in the field of nuclear energy use" [4].

On the basis of the above laws, the following regulatory documents have been issued:

"General provisions on safety assurance of decommissioning of NNPs and research
reactors" [5];
"Rules and order of exemption of radioactive waste and by-product radioactive materials
from regulatory control" [6].

The regulatory principle is that a decommissioning licence is required from the regulatory body (State
Committee of Nuclear Regulation of Ukraine) to enable the decommissioning process to commence
(from Art. 28 of Ref. [1]). The operating licence will only be revoked and a decommissioning licence
issued when the plant has been put into a 'nuclear safe condition' which implies removal of all fuel
from the reactors and cooling ponds and subsequent placement into nuclear fuel storage facilities
which are aimed at long term safe storage. The decommissioning licence prescribes a stepwise
process of 'permissions' to implement each stage of decommissioning. For each stage in the
decommissioning process, the following documents, as appropriate, must be submitted to the
regulatory authority:

An implementation plan for each decommissioning stage;
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A Safety Analysis Report (SAR);
The technical requirements for the decommissioning.

Ref. [5] defines the main safety requirements for decommissioning. It defines the decommissioning
stages and the content of activities at each stage without prescriptive timescales. The document
establishes the following stages of decommissioning: final closure, preservation, long-term storage,
and dismantling. This document allows an operator to carry out the planning and implementation of
decommissioning activities independently.

a) Final closure

At this stage the facility is transformed to the state which precludes its further use for power
generation purposes. The following activities will be carried out:

Dismantling of systems and components of the facility, external to the reactor, which are
no longer to be used and not relevant to safety;
Maintaining and reinforcing barriers to prevent the spread of radioactivity to the
environment;
Preparing a radioactive inventory for activated and contaminated systems and
components;
Establishing the administrative and organizational measures appropriate to the changed
status of the facility.

b) Preservation

Preservation is the decommissioning stage in which the facility is transformed into a safe
enclosure for the remaining radioactive inventory for a defined time period to include the
following tasks:

A more detailed radioactive inventory is prepared;
Ensuring that containments are maintained over the requisite time period by providing
additional hermetic sealing as appropriate;
Establishing and implementing surveillance and maintenance regimes;
Collection and conditioning of radioactive wastes generated for further storage/disposal;
Establishing the administrative and organizational measures appropriate to the changed
status of the facility.

c) Long-term storage

Here the facility is kept in a preserved state for a predetermined length of time for
radioactive decay purposes and entails:

Implementation and operation of systems to ensure the safe enclosure of the radioactive
inventory;
Performing periodic inspections of the state of the preserved facility;
Establishing administrative and organizational provisions appropriate to the changed
condition of the facility.

The facility can be used as an interim store for radioactive wastes only from the facility in
question during this stage. Storage of waste from other sources is strictly forbidden.

d) Dismantling

This stage involves removal of all remaining sources of radioactivity in the facility as follows:
Dismantling and removing all facility systems and components which are the subject of
controls as sources of ionising radiation;
Collection and conditioning of radioactive waste arising during this stage and
transferring the waste for further storage and disposal;
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Establishing procedures for the termination of the radiation monitoring previously
required including a final site survey;
Establishing administrative and organizational provisions appropriate to the changed
condition of the facility.

The regulatory approach is not prescriptive in the sense that the necessity of each separate stage and
the order of stage priorities should be defined during the development of the decommissioning
strategy. The various stages can be implemented either partially or completely according to the
selected strategy provided they can be justified on a cost-benefit basis taking due account of safety
considerations.

Ukrainian national policy on radioactive waste management

The general policy, which applies to the management of radioactive wastes in the Ukraine is described
in Art. 6.2 of Ref. [5] and states:

'The infrastructure for radioactive waste management should be developed taking
account of the future necessities for all required operations on the management of
radioactive wastes accumulated during operations and arising during facility
decommissioning'.

Clearly, the above statement must be viewed as a longer term goal since the NPP initial designs did
not provide for the processing of solid radioactive waste.

Financial assurance

Art. 39 of Ref.[l] prescribes that the owner of the nuclear installation (in this case Energoatom) shall
provide funding for decommissioning. Energoatom, the operating utility, is responsible for
transferring funds into a decommissioning fund based on a levy applied to electricity prices.
Additionally, Art. 8.2 of Ref.[5] indicates that the mechanism for accumulation of financial resources
for decommissioning should be in force for the whole period of commercial operation of the facility.
Despite the legal provisions, there have been practical difficulties in the application and collection of
the funds due, in part, to taxation problems.

Other factors

Lifetime extension

The design lifetime of the WWER reactor system is 30 years, which means that units 1 and 2 at Rovno
NPP reach the end of their design lifetimes in 2010 and 2011 respectively. Clearly, lifetime extension
can be considered if it can be established that a case can be made on grounds of safety and economic
efficiency. Operational experience indicates that lifetime extensions of up to 10-15 years may be
possible. For planning purposes it is reasonable to assume that a minimum lifetime extension of 10
years will apply. On this basis, it might appear that the short term development of a decommissioning
strategy for WWERs is not a pressing priority. However, the main driver is an economic one -
without the development of an overall strategy and subsequent decommissioning plans it is not
possible to assess the future costs of decommissioning with confidence and hence develop a basis for
determining the levies required to ensure collection of sufficient funds to meet the future
decommissioning liabilities.

Reuse of NPP sites

The re-use of existing NPP sites for new nuclear units has numerous advantages:

On-site decommissioning activities provide continued employment prospects for
existing personnel. Local satellite towns being highly dependent on the NPP for their
livelihood;
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The problems of licensing of new nuclear plant will be alleviated on existing nuclear
sites;
The local population are likely less resistant to new plant being built when compared to
the population adjacent to 'greenfield' sites.

WASTE MANAGEMENT CONSIDERATIONS

National strategy and forward plans for waste management in the Ukraine

The decommissioning strategy for WWERs should take account of the capability of existing waste
facilities to accept the large quantities of wastes that will arise from processing of the accumulations of
operational wastes at NPP sites and those which will arise during decommissioning. Additionally, any
wastes, which are unsuitable for near surface disposal on the grounds of heat generation and/or the
presence of long-lived radionuclides will require deep burial at same future stage [1]. The absence of
such facilities gives impetus to arguments in favour of a deferral strategy for decommissioning.

The initial conditioning of the operational liquid RAW and its temporary storage were foreseen in the
initial NPP design and are carried out on the NPP sites. Additional facilities for final conditioning of
operational waste are being constructed at each NPP site. After creation of these facilities, the
conditioning of all operational waste is planned during the NPP operations phase. These facilities will
then be used to support the early stages of decommissioning. A centralised disposal facility is planned
for construction according to the "Complex programme for radioactive waste management" and is to
be used for the disposal of both operational and decommissioning wastes.

Recycling

The decommissioning of the WWERs will generate very large quantities of dismantled material of
very low or negligible levels of activity either as a result of their location within the peripheral regions
of the NPP or by virtue of decontamination activities. It is clearly inefficient to contemplate burial of
such material which could either be 'free released' for non-nuclear recycling or re-use within the
controlled nuclear sector.

The Ukraine has a clear recycling policy which will greatly assist in developing the
strategy for WWER decommissioning by reducing the overall costs of management of
decommissioning wastes. Articles 3.3-3.5 of Ref.[6] define the dose criteria that
determines radioactive waste exemption from regulatory control as follows:
Individual equivalent dose for the critical group shall not exceed 50 |̂ Sv per year; and
Collective dose incurred because of the exempted practice should not exceed 1 man Sv per
year.

Final clearance from regulatory control is applicable to waste and by-product material with radioactive
concentrations meeting the following exemption level (assuming the mix of radionuclides is
unknown):

The total specific activity averaged over the waste batch, but not more than 1000 kg, does
not exceed 1 kBq/kg for beta and gamma sources or 0.1 kBq/kg for alpha. The total
weight of exempted radioactive waste shall not exceed 3000 tones per year;
The total activity of a single package containing less than 100 kg of waste is not more than
100 kBq for beta and gamma sources or 10 kBq for alpha;
During decommissioning of a nuclear facility, the following clearance levels for surface
contamination apply:

o alpha emitters, 0.05 Bq/cm2 (exemption level of 5 kBq);
o beta and gamma emitters, 5 Bq/cm2 (exemption level of 5 kBq); and
o other radionuclides, 0.5 Bq/cm2 (5 kBq<exemption level<5000 kBq).

Exemption levels for restricted release from regulatory control are established in certain cases on the
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basis of calculated individual and collective doses for credible scenarios.

Spent Fuel Strategy

The current spent fuel (SF) management practice in the Ukraine is based mostly on wet storage
facilities at the WWER stations. The spent fuel is stored in the reactor pools for at least three years
after the discharge from the reactor core. An AFR (Away From Reactor) facility for spent fuel is
absent in Ukraine, because the spent fuel elements were originally shipped back to the Russian
Federation for further storage/reprocessing.

The current strategy for SF management identifies 2 routes:

SF transported to the Russian Federation for storage/reprocessing;
Creation of a national SF dry storage system, which will provide a safe SF storage for at least 50
years. The first stage of the storage system was the construction and commissioning of the dry
storage facility on the Zaporozhye NPP site.

The ultimate stage of SF management for Ukraine - reprocessing or burial - has not yet been
determined (delayed decision), as is common with most countries. The choice between the
construction of modular dry storage facilities on other NPP sites or the construction of centralised
storage facility will be carried out based on the experience gained after the start-up of the facility at
Zaporozhye from September 2001 and the experience gained.

Decommissioning waste

Waste quantity by category and decommissioning stage

It is estimated that approximately 380 m3/yr of decommissioning waste will be produced for a 1000
MWe WWER unit up to the stage of safe enclosure. 90-95% of this waste will be in the low and
medium activity categories and 5-10% in the high level categories. In total, 30,000 mVunit will be
generated during the total dismantling across all waste categories - mostly low level waste.

Strategy for treatment and conditioning

Solids will be processed according to activity and material type. Combustibles will be burnt and low
density solids will be supercompacted. Cementation will be according to waste density — high density
waste will not require cement encapsulation after supercompaction. Bitumen will not be used to
encapsulate waste due to the inherent fire risk. Solid conditioned wastes will be either sent to interim
storage or buried in a near surface disposal facility. Liquid wastes will be processed by evaporation
and vitrification.

Strategy for storage and disposal

Ukraine plans to create a national deep geological disposal facility beyond the year 2040. In the
meantime, interim waste stores will be used. Facilities for the disposal of large quantities of
decommissioning wastes have not yet been identified but will be required before the start of
decommissioning.
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DECOMMISSIONING STRATEGY AND OPTIONS

Definition of a range of decommissioning options

The objective of this section is to present and justify the chosen strategy for decommissioning and
dealing with the radioactive inventories. The various options for decommissioning are developed
together with consideration of the various factors that must be taken into account. This will lead to the
elimination of alternatives and selection of the optimum.

Three basic alternatives have been identified for the decommissioning of the WWERs with a number
of sub-options as appropriate. The 3 options are described as follows:

Option 1 - Safe Enclosure without preliminary partial dismantling of the reactor. This option entails
disabling of control systems to prevent re-starting followed by care and maintenance over an extended
deferral period of up to 30 years, followed by dismantling. This is equivalent to all the
decommissioning phases in Ukrainian legislation [5].

Option 2 - Safe Enclosure with preliminary partial dismantling of the reactor. As Option 1 but to
include the removal of all equipment peripheral to the reactor containment. This will include removal
of the secondary cooling systems and associated pipework, etc., to leave the reactor containment and
remaining activated internals intact. The penetrations for pipework and services will be sealed.

Option 3 - Immediate Dismantling for restricted or unrestricted site release with no intervening
periods of care and maintenance. This is equivalent to the 'dismantling' stage in Ukrainian legislation.
This option excludes the preservation and long term storage stages allowed in Ukrainian legislation.

Scope of options

The following tasks are common to all options:

Permanent shutdown of the reactor and disabling of control systems to prevent re-
starting;
Defuelling and removal of fuel to long-term safe storage;
Reactor circuit is normally decontaminated, drained and dried;
Drain and decontaminate the spent fuel pond; and
Finalise the retrieval and processing of the accumulations of operational wastes.

Option 1 - Safe Enclosure without preliminary partial dismantling

The following steps are envisaged:

All existing systems remain in place and those required for subsequent activities are
placed under care and maintenance;
A surveillance and security system is set up to monitor the remaining radioactive
inventory for a deferral period of up to 30 years for radioactive decay. This system has a
capability consistent with the remaining inventory;
A refurbishment programme may be initiated to maintain the integrity of the existing
containment systems, e.g. ventilation plant, reactor buildings; and
After the deferral period, the dismantling progresses to unrestricted or restricted site
release.

Advantages/ Benefits:

Uses existing skills of reactor operating staff, equipment and facilities while available;
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Defers the costs of dismantling until later, hence taking advantage of cost discounting
arguments;
Does not require the early use of expensive remote technology;
Removes over 99% of the mobile inventory early leaving much of remaining as fixed
activation in the reactor structure; and
Large quantities of decommissioning wastes requiring institutional control are not
produced.

Disadvantages/ Constraints:

Long term costs of institutional control for remaining radioactive inventory need to be
considered, e.g. staffing costs, monitoring equipment and other equipment/systems and
refurbishment to maintain containment integrity;
Issues of structural integrity need consideration in the long term for the reactor,
buildings and ancillary facilities;
Safety issues over long deferment need consideration e.g. aircraft crash, earthquake
damage; and
Local plant knowledge lost for later phases of decommissioning.

Option 2 - Safe Enclosure with preliminary partial dismantling

The following steps are envisaged:

As Option 1 but to include the removal of most equipment peripheral to the reactor
containment and leave most of the systems inside the containment intact. This will
include removal of the secondary cooling systems and associated pipework to leave the
activated systems within the reactor containment intact. The penetrations for pipework
and services will be sealed.

Advantages/ Benefits:

Reduced institutional control requirements;
Early utilisation of experienced workforce while available; and
Maintains continuity of employment.

Disadvantages/ Constraints:

Residual institutional control required to safely manage the remaining
radioactivity;
More waste generated compared to first option. Large items will require size
reduction and larger waste packages than those used for operational wastes; and
Knowledge in plant personnel lost for the last phase of decommissioning.

Option 3 - immediate dismantling for unrestricted site release

The following steps are envisaged:

Plant dismantling and removal of radioactive wastes for unrestricted or restricted site
release with no intervening periods of care and maintenance; and
Sequential removal of reactor core systems and peripheral services without appreciable
deferment periods.

Advantages/ Benefits:

Removal of need for institutional control avoiding long term care and surveillance costs;
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Reuse of facility/location for further nuclear or non-nuclear activities; and
Full utilisation of experienced staff and existing operating and control systems.

Disadvantages/ Constraints:

Requirement for remote deployment systems and/or shielding systems for reactor
dismantling operations, potential high dose to operators;
Production of significant waste quantities of high activity requiring storage and/or
disposal with potential for re-packaging in the absence of developed criteria for waste
acceptance by future disposal facilities; and
High early costs.

Assessment of alternatives

Selection of the most appropriate alternative requires the assessment of a variety of factors the most
important of which are discussed in the following sections.

Technical feasibility

The immediate dismantling of a WWER with no intervening periods of deferral and care and
maintenance is technically feasible and is being demonstrated by the Greifswald project. Therefore it
is clear that decommissioning as outlined in Options 1 or 2 does not present any particular technical
problems since these are less onerous than Option 3. The removal and size reduction of the reactors
internals including the core basket, reactor shaft and pressure vessel, which have considerable neutron
activation presents the largest problem together with the removal of the activated layers of the adjacent
concrete bioshield.

Technology should not be developed for the decommissioning of individual facilities but on a national
scale to encompass the general WWER requirements.

Cost considerations

Immediate dismantling is viewed as a high cost option requiring initial investment in new facilities
and equipment to support the process. In the case of safe enclosure, the total costs of
decommissioning are likely to be comparable with the costs of immediate dismantling.
Decommissioning of nuclear facilities is a drain on national resources and, although providing
opportunities for industry, the decommissioning process does not generate revenue in the conventional
sense. Accounting techniques based on Discounted Cash Flow (DCF) arguments suggest that money
can be 'saved' by deferring major expenditure on non-revenue generating projects on a 'time value of
money' basis. In simple terms this means avoiding expenditure that can be put off in order to gain
some rate of return. This general concept has to be set against future developments - increasingly
restrictive dose targets, escalation of waste charges, technology costs and the continued costs of care
and surveillance - all of which contribute to the overall costs of the decommissioning project over the
extended period. In the Ukraine, immediate dismantling is less favourable than safe enclosure due to
the shorter period for fund accumulation.

Dose considerations

Dose uptake also needs consideration across the decommissioning options. Options 1 and 2, involve a
period of deferment, which takes advantage of radioactive decay. For WWER stainless steel
components, the short-term gamma decay is dominated by Co-60 whereas the overall inventory (total
Bq, in the longer term) is dominated by Ni-59 and Ni-63 - these latter nuclides producing weak X and
beta radiation respectively. Gamma radiation is the most significant for decommissioning and controls
the handling and transportation of wastes. A period of 30 years (~6 half-lives) is sufficient for a
significant reduction in the overall inventory of Co-60 (50 fold) leaving residual longer lived activity
in the reactor vessel and concrete bioshield due to the activation of trace impurities. On grounds of
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ALARA, it should not be assumed that even after 30 years that fully manual dismantling can be
attempted. The activation of trace impurities in the constructional materials will continue to generate
residual gamma fields and dictate the use of remote activities. The accepted process will be one of
remote or semi-remote operations which entail fully remote equipment and/or setting up dismantling
equipment by manual intervention and then the withdrawal of personnel so the equipment can be
operated remotely. All options require the use of remote technology. This often requires dose-
intensive installation and equipment maintenance operations and is generally considered a high dose
option despite the use of such technology.

Provisions for waste management

This is concerned with the availability of waste routes for the storage and/or disposal of the waste.
Removal of the highly activated reactor core will generate significant quantities of waste which will
require shielded containers. Facilities need to be available to accommodate such waste. To minimise
size reduction activities, large waste containers are required which are specific for decommissioning
purposes and require licensing.

Compliance with national policy

In the Ukraine, the current regulatory situation has been described in section 2. On the basis of current
laws and norms, the 3 alternative scenarios for decommissioning identified above are consistent with
regulatory thinking and require a demonstration that an optimum can be selected based on the
arguments developed in this section. Public relations is an important component of national policy
which must be considered. Additionally, site specific issues should also be investigated.

Reuse of site

The need to reuse the site for an alternative purpose, e.g. to build a new reactor or facility, is a
consideration. Reuse often alleviates some of the problems of licensing which otherwise would be
incurred on a new 'green field' site which is increasingly the source of public concern. In addition,
decommissioning creates new work for personnel freed after shutdown and essentially decreases the
social problems of towns near the NPP sites.

Condition of plant and buildings

A decommissioning strategy that encompasses a significant period of care and maintenance (say 30
years) must account for the potential for loss of containment of the remaining radioactive inventory
through deterioration mechanisms. Structural performance must be considered for the reactor circuit,
the containment provided by the ventilation plant and bioshield together with any secondary
containment afforded by the reactor building. Structural problems are more pronounced for WWER-
440 units than the 1000 MW systems. Ancillary facilities such as spent fuel stores should also be
considered. The potential for loss of activity via degradation mechanisms can be reduced by early
removal of as much mobile activity as possible - removal of fuel (obligatory) and subsequent
decontamination of the primary circuit. A detailed engineering survey and structural survey is
necessary to assess the potential for degradation by corrosion (metal components), rebar deterioration
and carbonation (concrete). Regional patterns in weather e.g. seasonal temperature variations (-30 to
+30 deg C in Ukraine), humidity levels, wind and snow loadings together with probabilistic events
such as earthquakes and aircraft impacts, explosions and fires also need to be considered. There is a
possibility for re-use of equipment after the safe enclosure period following care and maintenance, e.g.
the handling equipment.

Utilization of experience

The existing experience of on-site staff, many of which often have many years of operational
knowledge, is a rich resource of expertise which can do much to facilitate the early phases of
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decommissioning. There is therefore much merit in using local expertise to carry out the initial phases
of decommissioning following permanent shutdown - these tasks generally involve those which have
routinely been carried out as part of operations e.g. discharge of fuel, decontamination of primary
circuits. Following these early tasks, there is the problem that the expertise will be lost during a
prolonged deferral period and hence, it becomes important to document adequately the state of the
remaining plant so that the radioactive inventories, any toxic hazards and the installed surveillance
equipment are well defined.

COSTS AND PROGRAMME

Programme for decommissioning

Planning work starts 5 years before NPP shutdown with the first step being the development of the
'Complex Engineering and Radiation Inspection' (CERI) programme. This programme provides an
estimate of the radioactive inventories and status of the NPP plant prior to the start of the
decommissioning process. The first stage is the engineering inspection, which is needed for decision
making on the future of the plant (lifetime extension or decommissioning). For the case where
decommissioning is chosen, a radiation inspection will be carried out with the results being used for
the development of the unit's decommissioning programme. The process also identifies plant facilities
and systems which will not be required to support the decommissioning process together with those
plant facilities and systems which will need to be utilised or refurbished to support the
decommissioning phase. During the 5 year period prior to the declared shutdown date, the process of
planning the shutdown is initiated in terms of fuel management, documentation development for
decommissioning licence purposes and general 'handover' activities. This is carried out prior to
decommissioning to generate a comprehensive decommissioning programme. Following shutdown, a
staged process is followed which entails spent fuel removal to fuel pools for an initial cooling period
followed by further storage in AFR fuel storage facilities either by re-racking existing pools or dry
storage by cask or modular dry vault storage. This stage is timed at 3-4 years. Preparatory work (3
years) is then carried out in support of the 30 year safe storage period entailing removal of redundant
plant and systems and sealing of the remaining systems to prevent the mobility of radioactive
contamination. The 30-year safe storage period is followed by an approximately 8-year period for
dismantling and removal of the remaining radioactive facilities.

Cost estimates

The latest evaluations of the costs for WWER-440 decommissioning have been estimated by an IAEA
working group with representation from countries that operate these reactors [7], The study does not
cover WWER-1000 systems, so the costs presented below should be treated as indicative and will
require scaling for the higher output WWER-1000 units. The costs below are presented for the case of
full decommissioning including a 30 year deferral period of safe enclosure for Rovno units 1 and 2 on
a double unit basis.

The total figure of $275M is broadly consistent with costs established for Safe Enclosure in other
Eastern European countries (EEC), with a range of $210M in the Czech Republic to S469M in
Hungary. Good agreement exists with the Armenian figures ($25 8M), the Russian Federation
($273M, model 230 and $250M, model 213) and Finland ($267M) [7].

The estimated cost of decommissioning WWER-1000 reactors is higher than for WWER-440 reactors.
An escalation factor of 1.5-2 can be used. A conservative value of 2 is used to estimate the overall
cost of decommissioning the WWER-1000 units giving an overall cost of $3,850M. This value is
based on 1998 salary levels in Ukraine, which account for approximately 20% of the total costs. It is
envisaged that an additional $1.5B will be required if Ukrainian salary rates are to become comparable
with those in other EEC. Spent fuel management will account for a further $250M for the entire
national programme. This gives an overall total of $5.6B for the Ukrainian decommissioning
programme.
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DECOMMISSIONING PLANNING DOCUMENTS REQUIRED UNDER THE
NATIONAL FRAMEWORK

This section identifies and describes the documentation necessary to manage and demonstrate the safe
and efficient decommissioning of the NPPs. In summary, the need for documentation arises from the
following needs:

National legislation;
Project management requirements;
Quality Assurance;
Nuclear and conventional safety; and
Environmental safety.

The hierarchy of documents for decommissioning planning under national regulation is shown in
Table 1.

Subsequent high-level plans are required on the status of decommissioning funding, plans for reactor
shutdown and the management of radioactive wastes. Generic plans will then be developed for each
NPP followed by further planning documents (shutdown plans, engineering programmes, safety
reports) according to a phased decommissioning programme

CONCLUSIONS

The preliminary analysis indicated that Option 1 - Safe Enclosure without preliminary partial
dismantling is the least favoured decommissioning strategy. Two decommissioning strategies came
out closely in the analysis, firstly, Option 2 - Safe Enclosure with preliminary partial dismantling and
Option 3 - Immediate Dismantling. Option 2 appears slightly preferable. To substantiate this choice,
further work is required on site specific social and waste management issues. The final choice
between Options 2 and 3 can be made at a later stage.

Some preliminary activities are necessary irrespective of the chosen decommissioning strategy
including:

Permanent shutdown of reactor and disabling of control systems to prevent re-starting;
Removal of all defuelling equipment and removal of the fuel to long-term safe storage;
Reactor circuit decontamination, draining and drying;
Removal of equipment peripheral to the reactor containment. This will include removal
of secondary cooling systems and associated pipework etc to leave the activated systems
within the reactor containment. The penetrations for pipework and service penetrations
will be sealed;
Ancillary facilities such as the fuel ponds will be defuelled and decontaminated; and
Historic accumulations of solid and liquid operational waste will be retrieved and
processed for interim storage.

This document should be viewed as the first step in the development of the Ukrainian
decommissioning strategy. It highlights the need to establish an early funding mechanism and
infrastructure for the management of radioactive waste. Additionally, social aspects should be given
significant attention together with the influence of site specific considerations which are likely to
determine the detailed strategy chosen.
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