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FOREWORD

Thousands of operations involving the use of radioactive substances will end during the
current century. While there is considerable regulatory experience in the 'front end' of the
regulatory system for practices, the experience at the back end is more limited as fewer
practices have actually been terminated. When a practice is terminated because the facility has
reached the end of its useful life, action has to be taken to ensure the safe shutdown of the
facility and allow the removal of regulatory controls. There are many issues involved in the
safe termination of practices. These include setting criteria for the release of material and sites
from regulatory control; determining the suitability of the various options for
decommissioning nuclear facilities, managing the waste and material released from control
(recycling, reuse or disposal), and the eventual remediation of the site. Some countries have
put in place regulatory infrastructures and have developed programmes to manage the
associated decommissioning and remediation activities. Other countries are at the stage of
assessing what is involved in terminating such practices.

The purpose of this Conference is to foster an information exchange on the safe and
orderly termination of practices that involve the use of radioactive substances, including both
decommissioning and environmental remediation, and to promote improved coherence
internationally on strategies and criteria for the safe termination of practices.

EDITORIAL NOTE

This publication has been prepared from the original material as submitted by the authors.
The views expressed do not necessarily reflect those of the IAEA, the governments of the
nominating Member States or the nominating organizations.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities or of the delimination of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be
construed as an endorsement or recommendation on the part of the IAEA.

The authors are responsible for having obtained the necessary permission for the IAEA to
reproduce, translate or use material from sources already protected by copyrights.
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INDONESIAN POLICIES REGULATIONS AND THE SAFETY CRITERIA FOR
DECOMMISSIONING OF NUCLEAR INSTALLATIONS
L.Y. Pandi, H. Kusumo
Nuclear Energy Control Board (BAPETEN)
Jl. M.H. Thamrin No. 55
Jakarta 10350, Indonesia
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Abstract. Currently, Indonesia operates several nuclear installations such as: three research reactors, two fuel
fabrication facilities, one radioactive waste facility, several irradiators, one radioisotope production facility, and
other facilities utilizing radioactive materials and sources. From these installations, there is no nuclear
installation which has been decommissioned to date. However, there is one nuclear installation which is not
operated any more by the operator, therefore this installation has to be decommissioned. Based on this it is
necessary to determine a policy, regulation and safety criteria for nuclear installation decommissioning. In this
paper the policy, regulation and safety criteria for decommissioning of nuclear installations in Indonesia will be
presented. The responsibility of regulatory body and licensee will also be presented.

INTRODUCTION
Indonesia belongs to those countries, which actively use atomic energy for peaceful purposes. Most of
the Indonesian nuclear installations are owned by the government such as the National Nuclear Energy
Agency (NNEA). The only nuclear installation, which may be owned by a private company is an
irradiator for industrial applications, such as irradiation of food, spices and medical supplies.
Currently, Indonesia operates three research reactors in Serpong, Bandung and Yogyakarta, two fuel
fabrication facilities, one radioactive waste facility, several irradiators, one radioisotope production
facility, and other facilities with radioactive materials and sources.
Legally the nuclear operators are responsible for the safety of their installation. In this case the
operator has the responsibility for ensuring safety in the siting, design, construction, commissioning,
operation and decommissioning closeout or closure of its facility, including, as appropriate,
rehabilitation of contaminated areas and for activities using, transporting or handling radioactive
material. Compliance with the requirements imposed by the regulatory body shall not relieve the
operator of its prime responsibility for safety. The operator shall demonstrate to the satisfaction of the
regulatory body that this responsibility has been and will continue to be fulfilled.
According to the Presidential Decree No.76/1998 the control of the application of nuclear energy in
Indonesia is vested to BAPETEN (Badan Pengawas Tenaga Nuklir = Nuclear Energy Control Board).
In this respect, the BAPETEN has the responsibility of regulating and controlling the use of
radioactive materials, radiation, nuclear reactors and nuclear material in Indonesia.
At present, there is one nuclear installation, which is owned by Petro Kujang Putra in Gresk, a private
company that operates a plant for phosphate purification process. The installation will be
decommisioned in the near future.

DECOMMISSIONING
Policy
No specific decommissioning policy has been adopted. At present decommissioning is regarded in
Indonesia as one step in the nuclear facility's life cycle, and subject in general to the same licensing
framework as those applied to siting, construction and operation of the facility. The decommissioning
activities will produce radioactive wastes. The radioactive waste, like any other wastes, will not be
further used and due to their radiation properties, the radioactive wastes have a radiation hazard.
Based on their hazard level, radioactive wastes are classified into low, intermediate and high level

radioactive wastes. For the limitation level of radioactive wastes, the clearance level is used. If the
level is less than the clearance level, the material is not considered as radioactive waste. But if the
level is greater than the clearance level, the waste should be sent to the executing body i.e. the Center
for Radioactive Waste Management Development for treatment. Spent fuel is considered as high level
radioactive waste and shall be sent to Spent Fuel Storage Facility at NNEA. The provisions of the final
repository for high-level radioactive waste are stipulated by the government following an approval
from the House of Representatives of the Republic of Indonesia.

Regulation and Licensing
In Indonesia, the legal basis for the use of nuclear energy in the various fields of human life is the Act
No. 10 Year 1997 on Nuclear Energy. In Chapter I Article 1 of this Act, decommissioning is defined
as any activity that is aimed at ultimately terminating the operation of a nuclear reactor, i.e. the
removal of nuclear fuels from the reactor core, the dismantling of reactor components, the
decontamination and final safety process. The definition is valid also for nuclear installations other
than nuclear reactors.
The licensing procedures for decommissioning are not yet detailled. Currently the guidance for
decommissioning of a nuclear installation is according to the Decree of Chairman of BAPETEN No
7P/2002 and the guidance draft of decommissioning of research reactor, which will be issued in 2002.
If the Licensee does not wish to renew the Operating License, he shall submit an application for a
Decommissioning Permit to the regulatory body. The application for the Permit shall include
decommissioning plans and procedures in accordance with provisions set by the regulatory body.
If the Licensee does not apply for the Decommissioning Permit as described above, the regulatory
body could order the Licensee to perform decommissioning in accordance with the valid regulations at
the cost of the Licensee.

Decommissioning Plan
According to the Annex of DCB No.lO/Ka-BAPETEN/VI-99 on Safety Provisions for Operation of
Research Reactors Chapter 19, before decommsioning, the operating organization should prepare a
plan to ensure safety during decommissioning and thereafter. The decommissioning plan should be
submitted and approved by the regulatory body before decommissioning activities are begun.
The decommissioning plan should include an evaluation of one or more decommissioning alternatives
appropriate to the given reactor and in line with the requirements of the regulatory body, and should
also include all steps that lead to eventual complete decommissioning to the point that safety can be
ensured with a minimum or no surveillance. These stages may include storage and surveillance,
restricted site and unrestricted site use.
As stated in the requirements for decommissioning plans the licensee is required to prepare as follows:
(a)
(b)
(c)
(d)
(e)
(f)

Decommissioning Safety Report,
Quality Assurance Program Document,
Radioactive Waste Management Plan,
Emergency Preparedness Document,
Physical security plan, and
Final radiological survey plan.

The decommissioning safety report must include items as:
(a) Radiological characterization of the plant before decommissioning begins,
(b) The planned decommissioning activities,
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(c) Safety and radiation protection assessment of decommissioning activities production,
occupational exposures, doses to general public, accident analysis, an evaluation of the
environmental impact,
(d) Organizations responsible for the various activities and their relationships, and
(e) Proposed technical specifications and changes to other legal duties.
Radioactive Waste Management Plan must include items as:
(a) Definition of the strategy for decommissioning and the management of the waste produced at
each stage, and
(b) Treatment and disposal of radioactive waste.
Before authorizing the decommissioning of the nuclear reactors, the regulatory body will review and
assess the proposed procedures, demonstrating radiation and nuclear safety and the safe management
of radioactive waste.
During and after decommissioning of a nuclear reactor, the regulatory body carries out an inspection
to check whether the decommissioning activities have been done satisfactorily and safely; and plant
holds no more hazards to the public and to the environment

Decommissioning Responsibility
The licensee is responsible for decommissioning their facilities. The licensee's responsibility
terminates after completion of all decommissioning and waste disposal activities.
The licensee is responsible for keeping appropriate records of activities planned or carried out during
the decommissiong.
The responsibility of the licensee should be terminated only with the approval of the regulatory body.
The regulatory body (NECB-BAPETEN) has an overall responsibility for ensuring the protection of
the workers, the public and the environment from radiation hazard. It inspects and ensures the
appropriateness of the licensee's safety practices through nuclear reagulation and establishes a high
level of safety assurance system in order to achieve the safety goals at government level.

SAFETY CRITERIA
The permitted criteria of contamination level is used to review when the decommissioning program is
stated finish. The permitted level of contamination depends on the object, i.e. structures, systems,
components and the kinds of contaminant in the installation.
The criteria by which the BAPETEN evaluates are contained in the : Decree of Chairman of
BAPETEN No. 02/1999 on Limitation of Radioactivity in Environment and Decree of Chairman of
BAPETEN No. 03/1999 on Safety of Radioactive Waste Management (for clearance level).

CONCLUSION
As described before, the regulatory body (NECB-BAPETEN) has an overall responsibility for
ensuring the protection of the worker, the public and the environment from radiation hazards. It
inspects and ensures the appropriateness of the licensee's safety practices by nuclear regulation and
establishes a high level of safety assurance system in order to achieve safety goals at government
level. The operator/licensee has the responsibility for ensuring safety in the decommissioning of the
facility, including, as appropriate, rehabilitation of contaminated areas and for activities using,
transporting or handling radioactive material.
Before initiating the decommissioning activity special preparation is required, i.e. policy, regulation
-5-

and safety criteria. The guidance of Decommissioning of Research Reactors should be issued by the
Regulatory Body.

REFERENCES
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REGULATORY CONTROL IN THE REHABILITATION OF CONTAMINATED
SITES IN SYRIA
R. Shweikani, H. Suman
Atomic Energy Commission of Syria
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Abstract. The work described in this paper is concerning the regulatory control set by the Atomic Energy
Commission of Syria (AECS) for the contaminated sites with Naturally Occurring Radioactive Materials
(NORM) in the oil industries in the northeast of Syria. These sites lie in a desert region with poor population
density and low occupancy. The decision was made to use the activity concentration of 226Ra per unit mass as a
measure to identify the need for cleanup. Two limits were set for this purpose so that contamination
concentration above the higher limit is defined as waste that has to be excavated from the site, while
contamination concentration between the two limits can be dealt with on site. Contamination concentration
below the lower limit was looked at as acceptable. Remediation plan to transfer the contaminated soil, with
radium concentration over the higher limit, to an engineered disposal pit was adopted. Proper stabilisation
measures and environmental monitoring programme were requested by the AECS and considered as essential
parts of the remediation plan.

INTRODUCTION
Nowadays, it is recognized internationally that the existence of sites, which are radioactively
contaminated resulting from past practices requires strict control by the regulatory authorities to insure
their safe rehabilitation. This, of course, should include defining levels for identifying the need for
cleanup, determining the best methods for decontamination, ensuring safe procedures during
decontamination, and designing a programme for environmental monitoring after the site
rehabilitation.
Oil industries exist in many countries. Water and sludge are usually present with the produced oil. Due
to the presence of 238U and 232Th series in the reservoirs, co-produced water will contain enhanced
naturally occurring radioactive materials, mainly radium isotopes due to their solubility in water that
allow them to be carried up with the produced water [1]. Improper disposal of this water may result in
contaminating landfills with Naturally Occurring Radioactive Materials (NORM).
This type of contamination with technically enhanced NORM may require remedial actions and
rehabilitation measures, depending on the likelihood of exposure to the population in the affected
areas and the associated risk. It is internationally recommended that cleanup is needed if the annual
individual dose would reach 10 mSv [2]. This shall however not exclude that cleanup measures might
be justified below this level. In this case specific reference levels may be established. They could be
expressed in terms of the avertable annual dose or a subsidiary quantity such as activity concentration
(Bq/g) or surface contamination density (Bq/cm2) [3].
Basically, the main responsibility for the decontamination of sites lies with the users, i.e. the
organizations responsible for contaminating these areas. The Regulatory Authority (RA) has the
responsibility to set up the regulatory framework related to the remediation of contaminated sites, to
review and approve the strategies and cleanup programme submitted by the responsible organizations,
to carry out regular inspections and to ensure compliance with the regulatory requirements during the
implementation of the remedial actions and post-cleanup measures.
Remedial actions can include work onsite, i.e. handling the contamination on-site, and work off-site,
e.g. in managing the radioactive waste generated during the remedial actions. Many options could be
considered for the on-site actions. They include:

-7-

- Control access to site and take remedial actions at a later stage (e.g. during oil facility
decommissioning);
- Dilute and disperse the contamination by mixing it with uncontaminated soil;
- Cap the contaminated area by covering it with clean material; and
- Stabilize in-situ by selectively vitrifying or encapsulating highly contaminated area.
Off-site work could be necessary when the remedial actions generate radioactive waste, e.g. when
excavating contaminated areas. Managing this waste can be a key issue, particularly when large
amount of waste has to be managed. Options for this include:
1 Long term storage in an engineered facility, which could be storage pits;
2 Burial in a shallow land disposal facility;
3 Disposal in plugged and abandoned wells;
4 Mixing with casing cement and incorporation into well structures; and
5 Re-injection of the material into appropriately selected and approved underground geological
formations.
The work described in this paper focuses on the regulatory control set by the Atomic Energy
Commission of Syria (AECS), which is the regulatory authority in Syria, for the contaminated sites,
with Naturally Occurring Radioactive Materials (NORM) in the oil industries. In addition to its
regulatory functions, AECS acts as a service provider for many activities involving ionizing radiation,
e.g. providing capabilities for radiation surveys, radiological sample collection and analysis, etc.
Nevertheless, AECS maintains a strict effective independence between its roles as regulatory authority
and service provider. This is ensured by the designation of an effectively independent office, the
Radiological and Nuclear Regulatory Office (RNRO), in charge of the regulatory functions. This
office reports directly to the AECS' Director General.

DESCRIPTION OF THE SITUATION
Many oil industries in Syria used to dispose of the produced water in evaporation pits (lagoons). As a
result, this led to a concentration of the NORM in the lagoon areas and produced contaminated sites.
All these sites are under the responsibility of one user, i.e. an oil company, and are located in a desert
region in the northeast of Syria. They have poor population density and low occupancy. The area has a
negative net water balance with a rainfall at 150 mm/y, evaporation at 2800 mm/y. The ground water
levels in these areas are few meters deep.
The contaminated sites were surveyed to assess their contamination levels. It was found that the
contamination is mostly concentrated in the top layer of the surface going down to a maximum depth
of 50 cm. There is one exception, however, one site has been identified where the contamination goes
down for more than one meter point-wise.
The 226Ra concentrations in these sites vary from few Becquerel per gram to few tens at hot spots.
Table 1 shows the average 226Ra concentrations at different sites.

Table 1. The average

u

Ra concentration at different contaminated sites.

Site Number

1

2

3

4

5

6

Avg.226Ra [Bq/g]

77

5.2

12.1

4.2

4.0

2.4

There is restricted access to most of the sites because they are within the premises of the user. Only
few parts are freely accessible by the public, Bedouins generally.

REGULATORY REQUIREMENTS
The following considerations were taken into account when establishing the criteria regarding the need
for cleanup of these sites:
•

It is widely recommended to adopt the dose that would be received by members of the public due
to the contaminated sites, or the risk associated with it, as a measure to be used for setting the
criteria.

•

This quantity reflects the effect of the NORM waste on human beings through all the possible
pathways and includes, at the same time, the occupancy and habits of the local public.

•

However, it depends, with some degree of uncertainty, inevitably on scenarios for the
development of the population and environment in the specific region over the time, e.g. to assess
the effect of chronic exposure.

•

It is also difficult to use this quantity as an operational quantity. Thus, it is better to adopt, as an
operational quantity, the contamination concentration at the site. This could be either the mass or
surface concentration of some representative radionuclides activity, e.g. 226Ra, or the total
activity's concentration of the site.

Therefore, the decision was made to use the activity concentration of 226Ra per unit mass as a basis for
setting-up specific reference levels.
A quantified risk assessment [4] indicated a relation between the average 226Ra activity concentration
in the contaminated sites and the doses that would be received by members of the public [5]. It turned
out that the external exposure is dominant and larger than the exposure from all other pathways
together by at least one order of magnitude.
From the average 226Ra activity concentration and the doses that would be received by members of the
public, the following Syrian criteria for disposal and cleanup of contaminated soil have been defined
[6]:
1. Contaminated soil with 226Ra activity concentration below 0.15 Bq/g needs no cleanup.
2. Contaminated soil with 226Ra activity concentration above 5.2 Bq/g is considered as
radioactive waste that has to be removed from the site and managed properly.
3. Contaminated soil with 226Ra activity concentration between these limits needs some remedial
action. This can be done on site.
4. The external exposure has to be limited to values as low as reasonably achievable below 0.1
mSv/a.

REMEDIATION PLAN
Based on the regulation, the assessment of the situation, internationally approved practices [7] and cost
benefit analysis, the user proposed a remediation plan to transfer the contaminated soil with 226Ra
activity concentration above 5.2 Bq/g to an engineered disposal pit and to cap the excavated area with
clean soil in order to fulfill the requirements of the external exposure limitation, optimization taken
into account.
The NORM disposal pits were designed in order to fulfill the following objectives to ensure long-term
performance required by the RA:
1. Provide isolation of waste from the surrounding environment.
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2. Stop surface water infiltration into the waste.
3. Stop erosion of the cover over the waste.
4. Maintain a separation between the waste and groundwater.
5. Promote the drainage of water out of the waste.
6. Stop human and animal intrusion through the cover into the waste.
7. Maintain stability under foreseen subsurface and geologic conditions.
The remediation plan proposed by the user includes the following [8]:
1. Site selection for the disposal pit. This includes geological and hydrological formation of the
site.
2. The design of the disposal pit, which in general consists of (see Fig. 1):
a. Two compacted lower liners and a top liner with a thickness of 0.3 m each. The liners
consist of natural clay and bentonite at 10% with target permeability better than 10"8
m/sec.
b.

1 m of compacted clean soil over the top liner.

c. An additional layer of about 15 cm of gravel on top of the clean soil cover and crashed
rocks on the pit's buttresses.
3. The expected volumes of the contaminated soil to be excavated, the clean soil to cover the pit
itself and to backfill the excavated areas and the materials required for the liners of each
disposal pit.
4. Procedure for the decontamination work, which generally aimed to optimize the process to
carry out an efficient disposal operation with radiation dose kept as low as reasonably
achievable (ALARA). This involves NORM awareness course to the workers, work permits,
barriers, entry control point, personal protective equipments, etc.
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Fig. 1 Typical design of a disposal pit

Typically, the volume of the contaminated material to be transferred to the disposal pit is per site
several ten thousands cubic meters. The area to be excavated per site is about 50.000 m2. Several ten
thousands cubic meters of clean soil were needed for the cover of the disposal pit and to cap the
excavated area. For the upper and lower liners, about 5000 m3 of clay and 500 m3 of bentonite per site
were needed.
The RA approved this plan and agreed with the user on verification procedures to ensure complete
compliance with the regulations during execution of the work. In addition, arrangements were made to
ensure long-term safety after finishing the remedial plan.
LONG TERM CONTROL
Additional requirements were set to ensure the long-term control over the disposal pit. They are
related to the physical protection and marking of the disposal pit, to the public awareness and to the
registration of the site with the relevant governmental authorities.
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Physical protection and marking
The fence surrounding each disposal pit has to carry clearly visible metallic plackards showing the
radiation warning signs, information about the potential hazard and a request to notify AECS in case
of visible abnormality. These plackards shall be fixed in a way that would ensure durability. An
additional sign should be engraved on a stone and placed within the fence. It should be at least 100
cm wide and 120 cm high, and shall carry in addition to the contents of the metallic plackards the
necessary information to identify the pit in dual languages, Arabic and English.

Registration
The location, shape and any other relevant information of the disposal pits have to be registered at the
Survey Administration and at the authorities responsible for real estates affairs with a special mark to
prevent construction on it over the years. The disposal pits have also to be marked on the official area
maps.

Public awareness
The user was requested to arrange for sufficient information to be addressed to the local habitants to
minimize the risk of human intrusion. The heads of the local bedouine tribes have to be informed
about the existence of the disposal pits, the potential hazard in the case of damaging its surface and the
applicable rules.

Environmental Monitoring Programme
In line with existing policies, RA requested an environmental monitoring programme to be carried out
on a regular basis. The approved programme consists of the following monitoring modules:
1. Stability of covers and erosion: periodical visual inspections of signs fixed on sites plus an
extra visual inspection after heavy rainfalls and periodical topographical survey.
2. Monitoring of the groundwater: periodical sampling and analysis of selected monitoring wells
in each area (see Fig. 2).
3. Monitoring of radon emanations: periodical sampling and analysis of radon monitoring station
at the center and in the four corners of the disposal pit as compared with emanation from fixed
background points.
4. Monitoring of land situation: periodical visual inspections of all areas.

CONCLUSIONS
The remediation plan was executed in complete compliance with the above-mentioned requirements
and under close supervision from AECS. The Syrian experience in dealing with NORM contaminated
sites is an example of successful cooperation between users and regulatory authorities to ensure
protection of individuals and the environment over the long term. A major contributor to this success
is the high level of environmental protection awareness and concern shown by the user.
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Fig. 2 shows a general situation of monitoring points at disposal sites.
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Abstract. The radium and uranium mining industry began in Canada in 1930 with the discovery of the Port
Radium deposit in the Northwest Territories. During the 1950s more uranium mines opened across Canada. Most
of these mines ceased operation by the end of the 1960s. Some were remediated by their owners, while others
were abandoned. The Atomic Energy Control Board (AECB), predecessor to the Canadian Nuclear Safety
Commission (CNSC), was created in 1946. However, it was not until the mid-1970s that the AECB took an
active role in regulating health, safety and environmental aspects of uranium mining; so many of the older mines
have never been licensed. With the coming into force of the Nuclear Safety and Control Act (NSCA) in May
2000, this situation has been reviewed. The NSCA requires a licence for the possession of nuclear substances
(including uranium mine tailings), or the decommissioning of nuclear facilities (including uranium mines and
mills). Furthermore, governments (federal and provincial) are also subject to the NSCA, a change from the
previous legislation. The CNSC has an obligation to assess these sites, regardless of ownership, and to proceed
with licensing or other appropriate regulatory action. The CNSC has reviewed the status of the twenty sites in
Canada where uranium milling took place historically. Eight are already licensed. Licensing actions are being
pursued at the other sites. A review of nearly 100 small uranium mining or exploration sites is also underway to
determine the most appropriate regulatory approach. This paper focuses on regulatory issues surrounding the
historic mining and milling sites, and the regulatory approach being taken, including licensing provincial and
federal government bodies who own some of the sites, and ensuring the safe management of sites that were
abandoned.

INTRODUCTION
This paper describes the regulatory challenges associated with tailings management areas resulting
from now closed uranium mines. With one exception, these uranium mines were in operation before
the federal regulator of the nuclear industry, the Canadian Nuclear Safety Commission (CNSC), and
its predecessor the Atomic Energy Control Board (AECB), began to take an active role in the
regulation of health, safety and environmental aspects of uranium mining in the mid 1970s. Many of
these mines ceased operations before this time.
This paper begins with a brief history of uranium mining in Canada, providing the reader with a
historical context and describing, in general terms, the origins of the sites now under consideration.
The past and current regulation of historic uranium mine sites and tailings management sites is then
discussed, with an emphasis on recent legislative changes and how that has changed the approach of
the federal regulator. An overview of the current status of the sites is provided, followed by an
indication of the direction of future regulatory action.

A BRIEF HISTORY OF URANIUM MINING IN CANADA
The uranium mining industry in Canada began in 1930 with the discovery of uranium and radium
bearing ore on the eastern shore of Great Bear Lake in the Northwest Territories. In 1932, Eldorado
Gold Mines Limited began operating the Port Radium mine here. Initially, the product being extracted
was radium, which was in demand at that time for use in cancer treatments and radium luminous
compounds. However, by 1940, the demand for radium had decreased and the Port Radium mine was
closed. During this time, a smaller mine a few kilometres south of Port Radium, the Contact Lake
mine, also mined and milled radium/uranium ore from 1936 to 1939.
In 1942, the Port Radium mine was re-opened, to extract uranium for weapons production during
World War II. To secure control of this resource, the Canadian federal government began purchasing
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shares in Eldorado. By 1944, Eldorado was made a Crown Corporation.
It was not until the mid-1950s that other significant uranium mines began operations in
Canada. The Gunnar mine, located on Lake Athabaska in northern Saskatchewan, near what
was to be known as Uranium City, began operations in 1953. In the same year, uranium
mining operations began near Bancroft, Ontario. Two years later, uranium mining operations
began in Elliot Lake, Ontario. By the end of the 1950s, there were no less than two major
uranium mines in operation in the Northwest Territories, three in the Uranium City area, three
in the Bancroft area, and twelve in the Elliot Lake area. Figure 1 shows the location of now
closed, or idle, uranium mines in Canada, which includes those described above along with
the Agnew Lake mine, which would not begin operations until 1977. In addition to these
major uranium mines, dozens of smaller mines were operated in the vicinity of Uranium City
and Bancroft. These smaller mines, perhaps totalling as many as one hundred, hauled uranium
ore to mills at the major uranium mine sites for processing.

Port Radium
Contact Lake
Rayrock
Uranium City sites: Gunnar,
Lorado and Beaverlodge

Elliot Lake Sites: Quirke, Panel, Stanleighf •
Denison, Stanrock/Can-Met, Nordic/Buckles,
Pronto, Spanish-American and Milliken

^^T
Bancroft Sites: Bicroft,
D no and
y
Madawaska

FIG. 1. Location of tailings management sites resulting from now idle uranium mines in Canada

The uranium mining industry saw the first of several declines in 1959. Only two of the twenty
significant uranium mines in operation in the late 1950s remained in operation throughout the 1960s.
Figure 2 shows the periods of operation of these mines, along with the now closed Agnew Lake mine.
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No new mines were to begin operations until the 1970s. All of these newer mines, with the exception
of Agnew Lake, are situated in northern Saskatchewan and are still in operation today.
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FIG. 2. Timeline of uranium mining operations at the now idle mine/mill sites in Canada
CANADIAN NUCLEAR REGULATORY HISTORY AND RECENT CHANGES
The Atomic Energy Control Board was established under the Atomic Energy Control Act of 1946. Its
role was to assist the Government of Canada in its efforts "... to make provision for the control and
supervision of the development, application and use of atomic energy and to enable Canada to
participate effectively in measures of international control of atomic energy."
However, it was not until the 1970's that the Atomic Energy Control Board began to play a significant
role in the regulation of health, safety and environmental aspects of the uranium mining industry. It
was not until after this time that operations began at the now closed Agnew Lake mine (referred to
previously) as well as the uranium mines now in operation in Canada. As a result, Atomic Energy
Control Board licences were issued for these sites. The currently operational sites still have licences.
The Agnew Lake mine licence was allowed to expire in the early 1990s once operations had ceased,
the site had been cleaned up to the standard of the day, and the mining claims had reverted to the
Ontario provincial government.
On May 31, 2000 the Canadian Nuclear Safety Commission replaced the Atomic Energy Control
Board. The Commission's creation followed the coming into force of the Nuclear Safety and Control
Act and its regulations. The new law represents the first major overhaul of Canada's nuclear regulatory
regime since the Atomic Energy Control Board was established.
The creation of the Canadian Nuclear Safety Commission and the coming into force of the Nuclear
Safety and Control Act had an impact on the regulation of historic uranium mines. One significant
change was that the Nuclear Safety and Control Act, unlike its predecessor, the Atomic Energy Control
Act, is binding on the Crown. This means that the federal, provincial and territorial governments are
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subject to the requirements under the act.
The Nuclear Safety and Control Act requires that a licence be held for, at a minimum, the possession
of nuclear substances such as uranium mine tailings and waste rock. This requirement is found in
section 26 of the Nuclear Safety and Control Act, which reads in part:
26. Subject to the regulations, no person shall, except in accordance with a licence,
(a) possess ...a nuclear substance...;
(b) ... manage, store or dispose of a nuclear substance; and ...
(e) ... decommission or abandon a nuclear facility; ...
Under the Nuclear Safety and Control Act, a nuclear substance is essentially any radioactive material.
However, naturally occurring nuclear substances (NONS), commonly referred to as naturally
occurring radioactive material (NORM) in other jurisdictions, are exempted from most provisions of
the Nuclear Safety and Control Act.
The definition of a nuclear facility includes, among other things, uranium mines and mills, and
facilities at which the resident inventory of nuclear substances exceeds 1015 Becquerels. With one
exception (the Gunnar site), the historic tailings management areas are not captured under the
definition of a uranium mine or mill. Furthermore, only a few historic tailings management areas
contain an inventory of nuclear substances in excess of 1015 Becquerels. Therefore, most of the
historic tailings management areas only require licensing for the possession, management and storage
of nuclear substances.
With the coming into force of the Nuclear Safety and Control Act in May 2000, the CLEAN
(Contaminated Lands Evaluation and Assessment Network) Program was established. The purpose of
this program is to deal with sites previously not licensed under the Atomic Energy Control Act, but
which may now be subject to licensing under the Nuclear Safety and Control Act. One category of
such sites includes the tailings management sites resulting from the former operation of uranium
mines. Some of these tailings management sites were previously exempted from licensing because
they are in the care and control of a provincial or federal government agency (the Atomic Energy
Control Act was not binding on the Crown). Others were not licensed because their operational lives
ended before the Atomic Energy Control Board began exerting regulatory control on health, safety and
environmental aspects of the uranium mining industry.

CURRENT STATUS
There are twenty tailings management sites resulting from the former operation of uranium mines in
Canada (see Figures 1 and 2). Of these sites, eight were licensed under the Atomic Energy Control Act,
before the coming into force of the Nuclear Safety and Control Act in May 2000. These are the five
Elliot Lake sites that were in operation until the 1990s (Quirke, Panel, Stanleigh, Denison and
Stanrock), the Madawaska site (in operation until 1982), the Beaverlodge site (also in operation until
1982) and the Rayrock site.
Public hearings are currently being held to consider a licence application for the remainder of the
Elliot Lake sites. A licence for these sites could be issued in 2002.
Letters of intent to apply for licences have been received for the remaining sites. For Dyno and
Bicroft, successor companies to those that operated the uranium mines are still the primary owners of
the sites. These successor companies continue to provide site monitoring and maintenance, and have
committed to licensing. Licensing will make this monitoring and maintenance a legal requirement, in
addition to providing a mechanism to ensure that future use of the sites is controlled.
In the case of the Port Radium and Contact Lake mines in the Northwest Territories, Indian and
Northern Affairs Canada (a department of the federal government) has taken responsibility for the
sites. Indian and Northern Affairs Canada has indicated that they will hold the licences and have
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begun the licensing process. It should be noted that although the Atomic Energy Control Act did not
apply at these sites, the mines remained under the auspices of the federal government through Indian
and Northern Affairs Canada, and was subject of other federal legislation related to the environment.
The Ontario Ministry of Northern Development and Mines has committed to applying for a licence for
the Agnew Lake site. When the mining claims reverted to the Province of Ontario in the early 1990s,
they became the owner of the site. As the Atomic Energy Control Act did not bind the Crown, this site
has not been subject to federal oversight since that time. Licensing this site under the Nuclear Safety
and Control Act will put in place minimum requirements for environmental monitoring and site
maintenance, and will also provide a mechanism to ensure that future use of the site is controlled.
The former owners and operators abandoned the Gunnar and Lorado sites in the Uranium City area.
As a result, the responsibility for these sites has fallen upon the government of the province of
Saskatchewan. Saskatchewan Environment, a provincial department, has committed to applying for a
licence or licences for these sites.
Although regulatory assessments are still underway, it appears that Gunnar is the one historic uranium
tailings management site (and its associated mine and mill site) that will require licensing for
decommissioning under the Nuclear Safety and Control Act. This site was simply walked away from
in the mid-1960s. Most of the structures, including the mill and head frame, are still standing. Uranium
mine tailings remain in the natural basins into which they were deposited during operations.
The Lorado site was also abandoned, but no structures remain. However, uranium mine tailings are not
optimally contained. Saskatchewan Environment has estimated that the cleanup of the Gunnar and
Lorado sites will cost approximately $25 million (Canadian dollars).
In addition to the twenty tailings management sites resulting from the former operation of uranium
mines, there is a number of small uranium mine or exploration sites that operated primarily from the
1940s to the 1960s. Any ore from these small sites would have been sent to one of the mills at the
larger sites for processing, and therefore no tailings would be generated on site. The only nuclear
substances that remain at some of these sites are those found in waste rock left on the surface. There
are approximately forty of these small sites in Saskatchewan, and another fifty in Ontario. Canadian
Nuclear Safety Commission staff, in cooperation with the two provincial authorities (Saskatchewan
Environment and the Ontario Ministry of Northern Development and Mines), is in the process of
reviewing conditions at these sites.

FUTURE REGULATORY DIRECTION
The Canadian Nuclear Safety Commission will continue to pursue licensing at the six outstanding
uranium mine tailing sites. Exemptions from licensing under the Nuclear Safety and Control Act have
been granted that extend to the end of 2004 to allow time to complete these licensing processes. It is
anticipated that all of these sites will be licensed by this time.
Although licences for the Gunnar and Lorado sites should be in place by the end of 2004, it is unlikely
that the decommissioning of both of these sites will be complete by this time. The Canadian Nuclear
Safety Commission will continue to ensure the adequate protection of health, safety and the
environment at these sites before, during, and after the decommissioning work.
Perhaps the most difficult issue at all of these sites is their long-term regulatory fate. Under the
Nuclear Safety and Control Act, licensing for the possession, management and storage of uranium
mine tailings will be required in perpetuity. The regulations made pursuant to the Nuclear Safety and
Control Act provide several exemptions from licensing. As mentioned earlier, these include an
exemption for naturally occurring nuclear substances. Other exemptions are provided under the
Nuclear Substances and Radiation Devices Regulations for certain activities related to: small
quantities ("exemption quantities") of nuclear substances; certain smoke detectors; tritium-activated
self-luminous safety signs; and, limited numbers of radium luminous devices. None of these general
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exemptions apply to the quantities of tailings and waste rock found at historic uranium mine sites.
The only alternative under current legislation is an exemption from licensing under section 7 of the
Nuclear Safety and Control Act, which gives the Commission broad powers of exemption:
7. The Commission may, in accordance with the regulations, exempt any activity, person, class of
person or quantity of a nuclear substance, temporarily or permanently, from the application of
this Act or the regulations or any provision thereof.
Note that the Commission's powers of exemption are limited by the regulations. Specifically, section
11 of the General Nuclear Safety and Control Regulations states:
11. For the purpose of section 7 of the Act, the Commission may grant an exemption if doing so
will not:
(a) pose an unreasonable risk to the environment or the health and safety of persons;
(b) pose an unreasonable risk to national security; or
(c) result in a failure to achieve conformity with measures of control and international obligations
to which Canada has agreed.
Meeting these requirements for exemption from licensing will be a challenge for the tailings
management areas associated with historic uranium mines. Paragraph ll(b), relating to national
security, is not a significant issue at these sites, but both paragraphs 11 (a) and 11 (c) may be.
It is not clear whether licence exemptions would pose an unreasonable risk to the environment or the
health and safety of persons. It may be possible to allow another competent public institution, such as
a provincial government or a federal organization, to maintain care and control of these sites without
requiring that a licence be held. However, it does not appear that the Canadian Nuclear Safety
Commission can delegate its responsibility to ensure that these sites continue to not pose unreasonable
risks. In the long run, maintaining licences may be the most appropriate mechanism to achieve this,
although other arrangements may be possible. This is currently an unresolved issue.
In addition, it is not yet entirely clear how these sites fit into Canada's international obligations with
respect to safeguards and complementary access. International Atomic Energy Agency safeguards
inspectors, accompanied by Canadian Nuclear Safety Commission Staff, have visited one of the
historic mine sites in the Elliot Lake for complementary access purposes under the Additional Protocol
to the safeguards agreement with the International Atomic Energy Agency. Whether or not these sites
will need to remain under licence indefinitely to ensure the ability of the Canadian Nuclear Safety
Commission to continue to facilitate access by international safeguards inspectors is another
unresolved issue.
The long-term fate of most of the approximately ninety small sites without tailings may be simpler to
determine. Although the assessment of these sites is ongoing, it is likely that many can be exempted
from licensing based on two of the general provisions of the Nuclear Safety and Control Act and
pursuant regulations.
Any nuclear substance arising from exploration activities is considered naturally occurring under the
Nuclear Safety and Control Act, and is therefore exempted from almost all provisions of the act and
pursuant regulations. Naturally occurring nuclear substances that have "been associated with the
development, production or use of nuclear energy" (where the act defines nuclear energy as "any form
of energy released in the course of nuclear fission or nuclear fusion or of any other nuclear
transmutation") are not exempted, but Canadian Nuclear Safety Commission staff has made the
interpretation that nuclear substances arising from exploration (as opposed to removal) do not fit this
definition.
As well, paragraph 5(l)(a) of the Nuclear Substances and Radiation Devices Regulations states that a
licence is not required to "possess, transfer, import, export, use, mine, produce, refine, convert, enrich,
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process, reprocess, manage or store a nuclear substance, if the quantity of the nuclear substance does
not exceed its exemption quantity". The exemption quantity for natural uranium in non-dispersable
form is 107 Becquerels, which equates to approximately a tonne or two of waste rock. Therefore, any
sites with less than this quantity would also be exempted from licensing.
Although there may be a few small sites that are not exempted as described above, it is anticipated that
the majority will meet the requirements for one of these two exemptions. For those that do not,
Canadian Nuclear Safety Commission staff will need to consider the prerequisites for exemption by
the Commission in section 11 of the General Nuclear Safety and Control Regulations described
above, and determine whether or not an exemption from licensing should be granted on this basis.
Regardless of the regulatory mechanisms used in the long run at these sites, the Canadian Nuclear
Safety Commission remains committed to ensuring the protection of health, safety and the
environment, and to respecting Canada's international commitments on the peaceful use of nuclear
energy. It will continue fulfill this mandate in the most effective, efficient and transparent manner
possible.
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Abstract. The pilot nuclear power plant A-l was a HWGCR (heavy water gas cooled reactor) with channel type
reactor KS 150 (refuelling during operation) and power output of 143 MWe. This NPP began operation in 1972
and was shutdown in 1977 after an integrity accident of the primary coolant system. The NPP A-1 has been
under decommissioning since 1979 and extensive decommissioning works have been carried out since 1995.
The pilot nuclear power plant A-l was a HWGCR (heavy water gas cooled reactor) with channel type
reactor KS 150 (refuelling during operation) and power output of 143 MWe. This NPP began operation
in 1972 and was shutdown in 1977 after an integrity accident of the primary coolant system. The NPP
A-l has been under decommissioning since 1979 and extensive decommissioning works have been
carried out since 1995. Significant damage and corrosion of the fuel cladding during the operational
accident and during spent fuel storage at NPP A-l caused spent fuel coolant contamination by fission
products and by long lived alpha nuclides.
The spent fuel pond is a very important part of NPP A-l and requirements of the Nuclear Regulatory
Authority (NRA) concerning the prioritisation of various decommissioning activities during first phase
have been dictated by the strong demand to increase the safety features and decrease radioactive
inventory.
As the waste management strategy has been significantly changed and a complex waste management
system is under operation now, NRA pays attention to the following goals of the first phase (19952008), which are focused on the spent fuel pond:
to transfer (nearly 1017 Bq) the remaining 132 spent fuel assemblies to the Russian
Federation or to improve the safety of its storage.
Spent fuel was drained, repacked and transferred to the Russian Federation in 1999.
to improve the safety standard for storage of radioactive wastes and enable their
conditioning and disposal;
to improve radiation protection of staff (Figure 1); and
to remove contamination and prepare some parts for dismantling.
The inorganic spent fuel coolant, "Chrompik"- aqueous solution of K 2 Cr 2 0 4 , resp. K2Cr2O4 (2-3%)
with an activity of more than 2xlO15 Bq including drenaged sludge, was transferred to a new storage
tank in 1997-2001. The organic coolant "Dowtherm" - mixture of diphenyloxide and diphenyl (2xlO12
Bq) is being processed by incineration since 2000. A new dry storage facility, originally constructed
for the case of cancellation or interruption of spent fuel transport, was commissioned in 2000 and used
in 2001 for storage of highly contaminated canisters (PDS) with remaining sludge - PDS without fuel
after drainage of Chrompik. Additional shielding, placed on the spent fuel pond ground floor after the
spent fuel, removal reduced dose rates at working places approximately 10 times.
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Figure 1: Monitoring of dose rates at some sectors in the spent fuel pond at NPP A-l: 0 m
from ground floor
(Decontamination, Additional shielding and Measurements were performed by f. Alldeco Ltd.)
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500 m3 of spent fuel pond water (1014 Bq) were decontaminated using selective sorbents in several
steps during 1996 - 1999 thereby reducing the contamination significantly (by more than 99.9 %).
The decontamination of the remaining canisters and their fragmentation will be carried out following
Dowtherm removal and/or incineration.
Internal parts of the spent fuel pond are continuously decontaminated and sludge will be removed and
processed. The water level is continuously decreased, remaining water will be processed in accordance
with decontamination works and removal/ conditioning of sludge.
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Abstract. When a nuclear installation is intended to be terminated permanently, the installation shall be
decommissioned. Decommissioning is means that the nuclear installation's land is cleaned from radioactive
materials or contaminants, so that it can be safely utilized for other purposes. In Indonesia, the decommissioning
of nuclear installation is controlled by Indonesian's regulatory body, the Nuclear Energy Control Board
(BAPETEN) in accordance with the Act No. 10 year 1997 on Nuclear Energy. For the implementation of Act
No. 10, especially relating to the decommissioning of nuclear installations, BAPETEN has enacted the necessary
guidance for the utility to facilitate the preparation of the decommissioning programme as well as for the
regulatory body for the conduct of the safety evaluation. In Indonesia, we have a nuclear facility for uranium
recovery. The facility was established in 1989 and operated for a short period producing about 7 tons yellow
cake. Unfortunately, due to some problems the facility has been permanently shut down. The facility has not
been decommissioned yet. However, recently the operator of the facility stated that the facility will be
decommissioned soon after receiving the permission from BAPETEN. This facility will be the first nuclear
facility in Indonesia to be decommissioned. This paper discusses the guidance provided to the decommissioning
facilities applying the existing regulatory framework.

INTRODUCTION
Legal basis for controlling the nuclear energy utilization in Indonesia is Act No. 10 year 1997 on
Nuclear Energy. The nuclear energy law is addressed to the separation of nuclear energy control from
its promotion. The nuclear law also regulates the establishment of an executing body, which is
responsible for promoting nuclear energy usage, and an independent regulatory body, which is
responsible for controlling the nuclear activities in Indonesia.
With regard to the regulatory aspect, the control on the use of nuclear energy shall be carried out by
the regulatory body, and the control should be implemented through establishing regulations, licensing
and performing inspections to ensure the safety of personnel, the public and the environment.
Any use of nuclear energy shall be subjected for licensing, except in certain cases which shall be
further specified by government regulations. This is stipulated in Article 17 Clause (1). The meaning
of the use of nuclear energy is so broad that it includes research, development, mining, manufacturing,
production, transportation, storage, transfer, export, import, usage, decommissioning, and radioactive
waste management.
Nuclear installations and other facilities using radioactive materials and sources, such as medical,
industries and research facilities, have to be decommissioned on their closure. During
decommissioning, workers, the public and the environment should be properly protected from
radiation hazards resulting from the decommissioning activities. All aspects relating to the
decommissioning activities such as decontamination, dismantling or removal of some systems
components and structures should be taken into account in the safety assesment for minimizing undue
impacts.
The ultimate goal of decommissioning is to liberate the nuclear facility and/or nuclear site from the
regulatory control, so that the facility or site can be used safely for several purposes other than nuclear
activities. To obtain safe decommissioning as stipulated in the nuclear safety provision, the
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decommissioning guide is necessary. Here, the regulatory body (BAPETEN) has established a guide
for decommissioning which should be applied by the operator when formulating the decommissioning
programme and by the regulatory body when conducting the safety evaluation of the programme. The
decommissioning programme is an important safety document to be followed by both, the operator to
achieve the safety goal and the regulatory body for their evaluation to assure that all safety goals will
be met. The decommissioning programme includes a safety assessment for decommissioning,
planning and implementing the decommissioning.
The present paper discusses some provisions relating to the decommissioning planning and execution
in Indonesia, which is stipulated in the decree of BAPETEN Chairman No. 07-P/2002.

SAFETY ASSESSMENT FOR DECOMMISSIONING
While the decommissioning is carried out, workers, the public and the environment shall be properly
protected from radiation hazards. For this purpose, a safety assessment should be carried out relating
to the potensial hazards that may occur during the decommissioning. The non-radiological hazards
involved in the decommissioning activities should also be identified, and be taken into account in the
safety assessment. In the case of a non-reactor nuclear installation that has potentially criticality
accident, the safety assessment should focus on the criticality.
The following aspects are generally considered in the safety assessment [1]:
(a)

Radioactive material

inventory

The safety assessment should identify the radiation sources and predict the volume of the
radioactive waste that has to be transported to the facility of radioactive waste management. The
radioactive waste may be totally produced during the operation stage. But it may also be partly
generated during the decommissioning activities. The safety assessment should consider the
inventory of all radioactive materials and the capacity of their storage.
(b)

Radiological and non-radiological hazards
The safety assessment should begin with the identification of radiation sources, and radioactive
materials which were generated during the operational stage of the facility. The objective of the
identification is to consider the possible exposure to the workers who are engaged in the
decommissioning activities.
The safety assessment should also identify a number of significant non-radiological hazards
during the decommissioning stage which are not normally encountered during the operational
stage of the facility.

(c)

Radiological Protection
The decommissioning shall be conducted in accordance with the radiation protection
requirements, which have been recommended by the IAEA and/or ICRP. For instance the
International Basic Safety Standard for Protection against Ionizing Radiation and for Radiation
Sources (BSS-115).

(d)

Deferred Dismantlement
The safety assessment should consider the benefits or disadvantages in delaying
decontamination, dismantling or demolition. Deferral of dismantling, decontamination, and
demolition may reduce the radioactivities and the quantities of radioactive waste produced and
radiological exposure to the personnel in the site.

(e)

Clearance level considerations
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Clearance level is a limit below which the radioactive material can be released to the
environment without control. Safety assessment should consider this matter, in order to be able
to predict the volume of the waste to be released. The clearence levels for the radioactive
materials are defined by the regulatory body.
(f)

Decommissioning options
According to the results of the safety assesment, operator or licensee may choose the
decommissioning options as follows:
1. Immediate decommissioning, i.e., prompt removal of all radioactive materials from the
facility to a predesignated place,
2. Delayed decommissioning, to take decay of radionuclides to reach any level of their activity
in order to reduce the potensial exposure to the personnel,
3.

Step-wise decommissioning, i.e. the decommissioning is done in multi-stages based on:
a. the allocation of resources,
b. the capacity of the waste management facility, and
c. the technical problems.
PLANNING AND PERFORMING THE DECOMMISSIONING

The decommissioning should be planned as early as possible during the construction or operation
stages. When the decommisioning plan is started in the early stages, it has to be regularly reviewed
and continuously updated taking into account new technologies or modification of any system or
component in the facility during construction or operation. At the end of the operation stage, the final
decommissioning plan shall be submitted to the regulatory body as a decommissioning programme to
obtain the permission from the regulatory body.
After receiving the permission from the regulatory body, the licensee will start the decommissioning
activities. The following activities are usually conducted during the decommissioning of a nuclear
installation:
Removing the radioactive sources
Decontamination
Dismantling
Radiological Protection
Environmental monitoring
Physical Protection
Waste Management
Radiation Survey (in final stage)

REPORTING
After finishing the decommissioning, the operator shall report to the regulatory body. The regulatory
body will then conduct the inspection to verify that the facility has been completely decommissioned.
The regulatory body eventually declares that the site of the facility can be used for other purposes
instead of the nuclear activities.
LICENSING AND INSPECTION
As previously stated, the operator shall obtain a permit or license from the regulatory body before
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starting the decommissioning. For such purpose, the operator shall submit the decommissioning
programme that contains the safety assessment results, organization of decommissioning, waste
management policy, etc. The programme will be evaluated by the regulatory body to ensure that the
proposed decommissioning plan meets all safety requirements. The regulatory body may conduct a
pre-inspection to verify the data given in the program. The regulatory body will issue the permission
or license for decommissioning, if all requirements are met.
During the decommissioning execution, the regulatory body may also carry out inspections to ensure
the decommissioning is conducted as planned and meets the safety requirements in all stages of
decommissioning. And finally the regulatory body will declare that the decommissioning has been
finished after receiving the final report from the operator.

CONCLUSION
The provision in the guide of the decommissioning for the non-reactor nuclear installation has been
discussed. From the discussion, it can be concluded that:
the operator or licensee shall conduct the safety assessment to make a basis for appropriate
planning before starting the decommissioning;
the safety assessment results should be included in the decommissioning programme as a
reference for the operator to choose the decommissioning options or methods, and also a
reference for the regulatory body for their safety evaluation.

REFERENCES
[1]

NUCLEAR ENERGY CONTROL BOARD (BAPETEN), Guide for the Decommissioning
of Medical, Industry, Research Facilities and Non-Reactor Nuclear Installation, Chairman
Decree No. 07-P (2002).

-29-

CN-93[20]

THE U.S. NUCLEAR REGULATORY COMMISSION'S DECOMMISSIONING
PROCESS

L.W. Camper, D.A. Orlando

XA0202880

U.S. Nuclear Regulatory Commission
Washington DC 20555-0001
United States of America
Abstract. The term "Decommission" is defined in the U.S.. Nuclear Regulatory Commission's (USNRC's)
regulations at 10 CFR 20.1003 as "to remove a facility or site safely from service and reduce residual
radioactivity to a level that permits 1) release of the property for unrestricted use and termination of the license;
or, 2) release of the property under restricted conditions and the termination of the license. USNRC's
decommissioning program encompasses the decommissioning of all NRC licensed facilities, ranging from
routine license terminations for sealed source users, to the oversight of complex sites and those on the Site
Decommissioning Management Plan (SDMP), as well as power and non-power reactors. This paper describes
the USNRC's decommissioning process for materials and reactor facilities and presents an overview of
USNRC's decommissioning program activities

INTRODUCTION
The major activity undertaken in the decommissioning program is to regulate the decontamination and
decommissioning of power reactors, non-power reactors, fuel cycle facilities, Site Decommissioning
Management Plan (SDMP) locations and other complex material licensees. The primary objectives of
NRC's decommissioning program are: (1) clear criteria and guidance; (2) timeliness; (3) adequate
financial assurance; (4) efficiency; and (5) finality. Decommissioning program activities include: (1)
development of regulations and guidance; (2) conduct of research to develop data, techniques, and
models used to assess public exposure from the release of radioactive material resulting from site
decommissioning; (3) review and approval of decommissioning plans (DPs) and license termination
plans (LTPs); (4) review and approval of license amendment requests; (5) inspections of licensed
activities; (6) development of environmental assessments (EAs) and environmental impact statements
(EISs); (7) review and approval of final site survey reports; and (8) conduct of confirmatory surveys.
Approximately 300 materials licenses are terminated each year. Most of these license terminations are
routine and the sites require little, if any, remediation to meet the NRC's unrestricted release criteria.
The decommissioning program is responsible for establishing policies, procedures and criteria, for
routine terminations and for the termination of licenses that are not routine because the sites require
more complex decommissioning activities. Currently, there are 19 nuclear power plants, 12 research
reactors, and 33 materials facilities undergoing non-routine decommissioning under NRC jurisdiction.
On July 21, 1997, the NRC published the final rule on "Radiological Criterial for License
Termination" (LTR) as Subpart E to 10 CFR Part 20 (62 FR 39058). Subpart E contains criteria for the
release of sites for unrestricted use, if the residual radioactivity that is distinguishable from
background results in a total effective dose equivalent to an average member of a critical group that
does not exceed 0.25 millisievert per year (mSv/a) (25 mRem/a) and the residual activity has been
reduced to levels that are as low as reasonably achievable (ALARA). Subpart E also contains criteria
for license termination with restrictions on future land use, as long as specific conditions are met, and
criteria for license termination in unusual situations where the site may exceed the 0.25 mSv/a (25
mRem/a) limit, but would not be permitted to exceed 1 mSv/a (100 mRem/a) or 5 mSv/a (500
mRem/a), under certain conditions. All existing sites undergoing decommissioning are subject to this
dose based standard with the exception of a few SDMP sites which have been "grandfathered" to
utilize previous concentration-based criteria. Several steps have been taken by the USNRC staff to
ensure that appropriate levels of integration of major decommissioning activities within the Agency
take place including tracking decommissioning activities in the Agency Operating Plan, using a
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Decommissioning Management Board to review decommissioning activities
Licensees and other individuals decommissioning licensed facilities are required to demonstrate to the
NRC that the methods proposed by the licensee or responsible party will ensure that the
decommissioning can be conducted safely and that the facility, at the completion of decommissioning
activities, will comply with NRC's requirements for license termination. NRC regulations require that
licensees submit a plan for decommissioning that is based on the level of complexity of the site and
the USNRC's confidence that adequate on-site expertise will be available to ensure that the
decommissioning can be conducted safely. In acknowledgment that nuclear power reactors posed
different risks than materials licenses during decommissioning, the USNRC published specific
requirements for the decommissioning of power reactors in 1996.

THE USNRC POWER REACTOR DECOMMISSIONING PROCESS
NRC Headquarters offices have the decommissioning program responsibilities for decommissioning
power reactors and the NRC Regional offices implement the policy decisions and perform inspections
at the direction of headquarters. Decommissioning activities for power reactors may be divided into
three phases: 1) initial activities; 2) major decommissioning and storage activities, and 3) license
termination activities. The first phase of decommissioning includes initial activities, starting on the
effective date of permanent cessation of operations and encompassing the activities before the licensee
either places the power reactor in a storage mode of begins major decommissioning activities. The
second phase encompasses activities during the storage period or during major decommissioning
activities (i.e., decontamination and dismantlement), or some combination of the two. The third phase
consists of the rest of the activities the licensee undertakes to terminate the license. Transfer of the
spent fuel typically involves a dry cask storage system. USNRC is responsible for licensing the
storage of spent nuclear fuel at an independent spent fuel storage facility (ISFSI). Requirements for
the licensing of independent storage of spent nuclear fuel at a facility (10 CFR Part 72) are separate
from site decommissioning activities (10 CFR Part 20 and Part 50).
The licensee who has determined to permanently cease operations is required to submit written
certification to the NRC within 30 days of the decision or requirement to permanently cease
operations. Part 50 states that prior to or within two years following permanent cessation of
operations, the licensee is required to submit a post-shutdown decommissioning activities report
(PSDAR). The PSDAR will include a description of the planned decommissioning activities, with a
schedule for the accomplishment of significant milestones and an estimate of expected costs, and an
evaluation of the environmental impacts associated with the site-specific decommissioning activities.
No major decommissioning activities may be performed until 90 days after the NRC receives the
PSDAR. The 90-day period allows sufficient time for the NRC staff to determine if the PSDAR
contains the information required by the regulations, publish notification of the receipt of the PSDAR,
hold a public meeting in the vicinity of the facility to discuss the licensee's plans for
decommissioning, and conduct any necessary safety inspections prior to the initiation of major
decommissioning activities. The application for termination of a license must include an LTP. The
LTP must be a supplement to the Final Safety Analysis Report (FSAR) or equivalent, and must be
submitted at least 2 years prior to the expected termination of the license as scheduled in the PSDAR.
Unless the licensee receives permission to the contrary, the site must be decommissioned within 60
years.
Two power reactors (Shoreham and Ft. Saint Vrain) have been decommissioned and their licenses
have been terminated however, these sites were decommissioned prior to the existence of the LTR.
Currently, USNRC has regulatory project management responsibility for 19 power reactors in various
stages of decommissioning. These licensees have submitted PSDARs for their power reactors.
USNRC staff completed its review of the LTP for the Trojan reactor and is currently reviewing the
LTPs for Saxton, Maine Yankee and Connecticut Yankee (Haddam Neck) power reactors.
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THE USNRC MATERIALS DECOMMISSIONING PROCESS
Decommissioning is accomplished according to the requirements of 10 CFR Part 20 and the applicable
section of the licensing Part (for example, 10 CFR Part 30 is for byproduct materials; Part 40 is for
source materials; and Part 70, for special nuclear materials). In the event a licensee wishes to
terminate operations or if no principal activities have been conducted in any separate building or
outdoor area for 24 months, the licensee shall notify USNRC within 60 days. Within one year of that
notification, the licensee shall either remediate the area for release for unrestricted use, or submit a
decommissioning plan if one is required by the license or regulation. The decommissioning plan
includes: a description of the conditions of the site: the planned decommissioning activities: a
description of the methods used to ensure protection of workers and the environment against radiation
hazards during decommissioning: a description of the planned final radiation survey; an updated cost
estimate; a comparison of the cost estimate with funds set aside for decommissioning; and a plan for
assuring the availability of adequate funds for the completion of decommissioning. The objective of
the decommissioning plan is to describe the activities and procedures that the licensee intends to
undertake to remove residual radioactive material at the facility to levels that meet USNRC criteria for
release of the site and termination of the license.
During the technical review of the decommissioning plan, when the USNRC staff meets with the
licensee on decommissioning plan issues or other license issues, the meetings are publically noticed.
The decommissioning plan will be approved by the license amendment process. Notice of receipt of
the plan and the license amendment approving the plan with its associated environmental document
will be published. The license amendment action provides an opportunity for hearing by any affected
party. After remediation activities are complete, the licensee will conduct a final status survey to
demonstrate compliance with the specified criteria of 10 CFR Part 20 Subpart E. Should staff review
of the results, possibly including independent sampling, conclude that the criteria have been met, the
USNRC will issue a letter to the licensee terminating the license. If the licensee proposes a restricted
use release, public involvement is mandated by 10 CFR 20.1403. This participation includes input to
the licensee on the decommissioning plan, adequacy of financial assurance for post-termination
activities, if required, and institutional controls. In addition, USNRC will solicit comments from State
and Local governments, Indian Nations, the U.S. Environmental Protection Agency, and other affected
parties as specified in 10 CFR 20.1405.
In 1988-1989, USNRC staff identified over 30 sites involving unique and difficult decommissioning
issues that required special attention to ensure timely decommissioning. While none of the sites
represented an immediate threat to public health and safety, they all had contamination exceeding
existing NRC criteria for unrestricted release. All of the sites required some degree of remediation,
and several involved regulatory issues to be addressed by the Commission prior to release for
unrestricted use and license termination. These problematic sites had buildings, former waste disposal
areas, large piles of tailings, ground water, and soil contaminated with low levels of uranium or
thorium (source material), or other radionuclides. Consequently, they presented varying degrees of
radiological hazard, remediation complexity, and cost. Some of the sites were still under the control
of active NRC licensees, whereas licenses for other sites had already been terminated or had never
been issued. At some of the sites, licensees were financially and technically capable of completing
decommissioning in a reasonable timeframe, whereas at other sites, the licensee or responsible party
was unwilling or unable to perform decommissioning. In addition, the sites were in various stages of
decommissioning. At some sites, licensees had initiated decommissioning, whereas at other sites,
decommissioning had not yet been planned or initiated. As a result, the staff created the SDMP at the
direction of the Commission. In directives to the staff, in August 1989 and January 1990, the
Commission directed the staff to develop a comprehensive strategy for achieving closure of
decommissioning issues. The major objectives of the SDMP, when initiated were: (1) to identify and
manage specific problem sites through the decommissioning process, and (2) to resolve
decommissioning policy issues.
In the context of a comprehensive decommissioning program, the SDMP is primarily a management
tool to track site-specific progress at complex decommissioning sites and inform the Commission
-32-

when the site is suitable for removal from the SDMP. Adding a new site to the SDMP will not
necessarily indicate that the site is a "problem" site but rather that it warrants management attention to
ensure successful decommissioning and license termination. Current SDMP listing criteria are as
follows: (1) all restricted-use sites; and (2) complex unrestricted-use sites requiring (a) detailed sitespecific dose modeling; (b) sites subject to heightened public, State, or Congressional interest; and (c)
sites with questionable financial viability.
Sites released from the SDMP to date have been released using the criteria contained in the "Action
Plan to Ensure Timely Cleanup of Site Decommissioning Management Plan Sites" SDMP Action Plan
57FR 13389. However, in July 1997 the Commission published the LTR. The LTR initially
authorized two different sets of cleanup criteria for SDMP sites: (1) SDMP Action Plan criteria
(removable contamination levels); and (2) the dose-based criteria contained in 10 CFR Part 20,
Subpart E. Currently, SDMP sites are decommissioned utilizing both of these criteria.
Since its inception, 57 sites have been managed under the SDMP program. To date, 24 sites have
been removed after being remediated and 11 have been transferred to States. Staff currently expects to
remove at least 1 site from the SDMP each year. In addition to the SDMP sites, the USNRC oversees
5 complex non-SDMP sites and 6 additional sites that were released from regulatory control in the
past.

CONCLUSION
During the past fifteen years, the USNRC has increasingly placed an emphasis on nuclear sites
undergoing decommissioning. USNRC's decommissioning program is a large and important
component of the agency's regulatory program, involving several Offices and substantial interest by
the Commission. Sites undergoing decommissioning also generate a great deal of local and political
interest, thus elevating the decommissioning process to a high level of attention and ongoing staff
effort. The decommissioning process also places a significant emphasis on public awareness and
stakeholder involvement, resulting in substantial dialog with those organizations or individuals having
a vested interest in the outcome of the process. The USNRC decommissioning program faces a
number of complex challenges. Licensees undergoing decommissioning must deal with several
different regulatory jurisdictions, at both the Federal and State levels, while ensuring that their sites
are successfully decommissioned. The extent to which the various regulatory agencies can work
together will have a very large impact on public confidence with the process.
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Abstract. Sweden foresees phasing out nuclear power when the existing reactors reach the end of their technical
lifetime. Construction of new reactors is not intended. In this paper today's activities and preparation for future
decommissioning of commercial power reactors are discussed. As well as the life extension, an early stop of a
reactor has to be considered also. In Sweden, one reactor at Barseback has already been stopped, due to political
reasons. At some stage the economy of operating a commercial facility will be such that a decision is likely to be
taken to stop production and eventually the facility will have to be decommissioned. In the planning of future
activities in waste management and decommissioning a life time of approximately 40 years is assumed. The
commercial reactors in Sweden were put into operation between 1972 and 1985. This means that the first reactor
will reach the age of 40 years in the year 2012. When the fuel has been removed from the site dismantling
activities may start. Before any major dismantling work starts a repository for radioactive, short-lived, waste has
to be available. The long-lived waste (core components and control rods) is planned to be stored before disposal
until the last reactor has been dismantled. A major task today is to make sure that there is enough money
available for all decommissioning activities, including the management of waste. The utilities have to set aside
money in a separate fund. The paper discusses policies and strategies for the decommissioning e.g. early or
deferred dismantling, techniques to be used and categorisation of waste. The division of responsibilities between
SKB and the utilities are discussed; SKB is responsible for generic technical and economical studies and for the
disposal of waste while the utilities will be responsible for the actual dismantling, including necessary
permissions.

NUCLEAR POWER PLANTS IN SWEDEN
Sweden has today, in year 2002, 11 commercial nuclear power plants in operation. They are all
located at the seashore in the southern half of the country. Four sites are used; Forsmark, north of
Stockholm (Sweden's capital) with three BWR units, Oskarshamn, 300 km south of Stockholm also
with three BWR units, and Barseback, in the south with one unit in operation and one that was shut
down in December 1999. Finally on the west coast we have Ringhals with one BWR and three PWR
units.
In addition to this there is one prototype PHWR close to Stockholm, that was in operation between
1964 and 1974 and one research reactor, still in operation, at the Studsvik research establishment.
Some very small research reactors have already been dismantled.
The nuclear power plants produce approximately half of the electricity used in Sweden. The other 50%
are produced in hydropower facilities. There are no plans to install new nuclear power plants in
Sweden and the existing facilities will eventually be decommissioned. When the decommissioning
should start has been on the political agenda for many years and the first commercial reactor to be shut
down was Barseback unit one. This reactor was shut down for political reasons and not on technical or
economical grounds. When the remaining reactors will be shut down has not been decided, it will
depend on technical, and to a large extent, economical considerations, their operation may continue for
another 40 to 60 years of operation or even longer.
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POLICIES AND STRATEGIES FOR DECOMMISSIONING
There is no national policy requiring a certain starting point or end-point of decommissioning. Since
no major decommissioning project has been performed so far the conditions to be achieved have been
given on a case-by-case basis. The strategy adopted in the planning of future decommissioning is a
prompt decommissioning to a status of the site implying the possibility to use the site for other
industrial purposes. It is the responsibility of the owners of the power plants, the licensees, to plan and
to execute the decommissioning of their plants. Generic studies are performed by SKB (commonly
owned by the utilities). These studies are mainly used for the planning of disposal facilities and for
costing purposes.
The Swedish 12 commercial NPP's were commissioned during a short time span of only 13 years,
from 1972 to 1985. They will also be taken out of operation over a short period provided they have
operated for the same length of time. The lifetime of a reactor depends on many circumstances such as
economic and technical performance. The technical life of a reactor is generally put to 40 years, but it
should be possible to extend it to at least 60 years. In many planning situations a lifetime of 40 years is
assumed. An exception is unit 1 at Barseback that was closed for political reasons in 1999 after only
25 years of operation.
Following the final shut down of a reactor and removal of spent fuel it is assumed that the dismantling
will commence, preferably after a thorough decontamination of the process systems. A period of 5 15 years might be used for the decay of short-lived radionuclides. If and how long this period will be
has to be decided by the utilities for each nuclear power unit from an ALARA standpoint.
When the plant is dismantled, it is assumed in generic studies that system dismantling is done first and
that it takes at least three years. Dismantling of the conventional inactive systems and buildings than
follows. This is estimated to take about two years and after that the site is restored to an industrial site
for other industrial purposes without any radiological restrictions. In total the dismantling is estimated
to take six years plus one to two years for the removal of spent fuel, at a minimum.

DECOMMISSIONING TECHNIQUES
Looking at decommissioning projects performed around the world it is obvious that suitable
techniques exist for the decommissioning of the Swedish nuclear power plants. Some of the activities
involved in major maintenance and refurbishment projects are activities similar to decommissioning.
Experience of this type of work also exists in Sweden. Eventually the utilities will conduct studies for
the purpose of planning the decommissioning of their own facilities. Most of the ongoing
decommissioning studies have the goal to optimise the total system, to choose a suitable technique
matching the possibilities for transport and disposal of waste.
The technology studies conducted are aimed at presenting a possible scenario for decommissioning of
the NPP's based on existing technology. With the chosen technology as a base, an estimate is made for
what timescale, costs and waste volumes are associated with the decommissioning. The dismantling
must be done in such a manner that neither the personnel nor the general public is exposed to
unnecessary irradiation.
The power companies bear the primary responsibility for the planning and execution of the physical
dismantling work. Their responsibility also includes determination of which strategy should be applied
regarding both time and technology to be used. The utilities can use SKB as a resource in this work.
The utilities also bear the primary responsibility for treatment of waste arising during dismantling. The
management of the radioactive waste must be planned and carried out in co-operation with the SKB
who is responsible for the transport and disposal of radioactive waste.
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WASTE MANAGEMENT AND AVAILABILITY OF REPOSITORIES
The short-lived, low- and intermediate level waste from operation and maintenance of the NPP's are
disposed of in a common, near-surface, repository owned by the SKB and co-located to the nuclear
power utilities at Forsmark. The waste is transported to Forsmark by a purpose built ship, M/S Sigyn.
This ship is owned by the SKB and used for all transports of waste from the power plants to the
repository, SFR, and of spent fuel and other long-lived waste to the interim storage at Oskarshamn.
Very low level waste may be disposed of in landfills at the different nuclear sites. Long-lived waste
and spent nuclear fuel are stored, awaiting availability of disposal facilities. The spent fuel is
transported to the central store located close to the power plants at Oskarshamn. This facility, CLAB,
is owned by the SKB and operated by staff from the power plant. Some of the long-lived waste is
stored at CLAB but also in other facilities. All waste designated for disposal in the final repository has
been treated and packed by the waste producers before transport. Interim storage is performed without
final treatment of the waste. This will be done prior to transport to the facilities for final disposal.
Like the operational waste the waste from decommissioning will be treated by the utilities to attain a
suitable form for transport and disposal (or for free release) or for some years of interim storage before
disposal. Disposal of most of the radioactive waste will be in common facilities owned and operated
by the SKB. Some very low-level and short-lived waste might be disposed of in local disposal sites.
No major decommissioning activities will be performed until disposal facilities exist for most of the
radioactive waste. Long-lived waste, mainly reactor internals, might be stored some years before
disposal. Also for this type of waste, suitable storage facilities have to be available before
decommissioning. The Safestore or Entombment strategies are no options in planning. Only some
years of waiting for decay of activity, after removal of the spent fuel from the utility, are foreseen.
This can be justified for the ALARA reasons.
The engineering and licensing process for disposal of radioactive waste from decommissioning
requires planning on a national level. This planning must be done in co-operation between the power
companies and the SKB. This provides advantages as regards, e.g. availability of special equipment.
Furthermore, such co-operation provides access to specially trained personnel and experience
feedback. When planning the management of decommissioning waste, it is assumed that the power
plants are to be operated for about 40 years and that no dismantling is to be performed when nearby
units are still in operation. Before decommissioning begins, a final repository for disposal of the shortlived waste should be ready to receive the waste and capacity shall exist for interim storage of longlived waste. All together this means that a repository for short-lived decommissioning waste should be
in operation sometimes after the year 2015.
The short-lived decommissioning waste is planned to be deposited in an extension to the existing final
repository at Forsmark, the SFR. Long-lived waste, primary material that has been close to the reactor
core, is first placed in interim storage before being disposed of. This repository is assumed to be
similar to SFR but at a greater depth. The location can be adjacent to SFR or co-located with the deep
repository for spent fuel. The repository for long-lived waste is assumed to be in operation around the
year 2040.

COST ESTIMATES
Every year the future costs for waste management, including decommissioning of the power plants,
are estimated by the SKB. These cost calculations are annually reviewed by the SKI (Swedish Nuclear
Power Inspectorate) and used by the Government to establish the annual fee. The fee is paid by the
nuclear power utilities based on their electricity production and is individually estimated for each site.
The decommissioning cost is assumed at roughly 1,000 MSEK (100 MEUR) per unit. The total
decommissioning cost for twelve reactors including waste management and facilities for disposal of
radioactive waste is estimated to be about 20,000 MSEK (1,200 MEUR).
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FUNDING
The estimated future costs will cover all activities and facilities, needed for the safe management of all
waste. The necessary funds will be built up before the utilities are finally shut down. Even though the
lifetime of a reactor might be very long the funds still have to be built up within the first 25 years of
operation. As more and more reactors reach 25 years and are still in operation it has been questioned
whether this should be reconsidered and a longer period of funding be introduced. The Board of the
Nuclear Waste Fund manages the funds.
CONCLUSIONS
Technique is available today for the safe and economic dismantling of nuclear power plants. Based on
these techniques scenarios for dismantling and waste management, including disposal, are compiled.
The method used in Sweden of assuring adequate resources for the future decommissioning of nuclear
power plants, is to set aside enough money in separate funds. To do so cost calculations based on
realistic decommissioning scenarios are used. In Sweden these cost calculations are re-evaluated every
year and a levy is put on electricity produced in nuclear power plants each year by the Government.
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SWEDISH REGULATIONS ON THE PLANNING OF RADIATION PROTECTION
ISSUES BEFORE AND DURING DECOMMISSIONING OF NUCLEAR
PLANTS
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Swedish Radiation Protection Authority (SSI)
Stockholm, Sweden
Abstract. The Swedish Radiation Protection Authority, SSI, has prepared draft regulations on the planning of
radiation protection issues before and during decommissioning of nuclear plants. The draft regulations put
requirements on the planning both during operation and after final shutdown. The requirements can be
summarised as follows. During operation of the plant, the license holder shall have a preliminary pre-plan for
future decommissioning of the plant, and different viable decommissioning options shall be identified and
analysed. After final shutdown of a plant, the operator shall present a selected decommissioning option, the
rationale for this choice and a time-schedule of the decommissioning activities. Before the start of dismantling
activities, a comprehensive description of the planned activities is required.

INTRODUCTION
The holder of a license for a Swedish nuclear plant is responsible for ensuring the safe
decommissioning of the plant after termination of nuclear activities. The Swedish Radiation Protection
Authority, SSI, and the Swedish Nuclear Power Inspectorate, SKI, can impose license conditions on
radiation protection and safety, respectively. The license conditions can be in the form of general
regulations, issued by a decision of the board of the authority.
This paper presents draft regulations from the SSI on the planning of radiation protection issues before
and during decommissioning of nuclear plants. A final version is expected to be issued during 2002.

DECOMMISSIONING OF NUCLEAR PLANTS IN SWEDEN
So far, the main experiences of decommissioning in Sweden have been gained from minor research
reactors and laboratories in Studsvik and the research reactor Rl in Stockholm. Limited work has also
been carried out at the nuclear heat and power plant Agesta, which was shut down in 1974. These
activities were mainly carried out in the 1980s. Most radioactive wastes from the projects have been
deposited in the repository for operational wastes in Forsmark (SFR-1) and in a shallow land disposal
facility in Studsvik. Limited amounts of radioactive wastes are stored in Studsvik awaiting treatment
and/or suitable repository for long-lived wastes.
Currently, a large laboratory in Studsvik is decommissioned (the Active Central Laboratory, ACL).
Decontamination and measurements before clearance are planned to be completed in 2004. Some
valuable experience has also been gained recently from major modernisation work in some of the
Swedish nuclear power plants, for example concerning techniques for decontamination, dismantling
and dose planning.
The nuclear power reactor Barseback 1 was shut down in 1999 and is currently in a stage of service
operation awaiting the shut down of Barseback 2 and construction of a suitable repository for shortlived low-level radioactive wastes.

PURPOSE OF THE REGULATIONS
The main purpose of the regulations is to assure that worker doses and releases of radioactivity to the
environment during decommissioning are kept ALARA and within specified limits, by requiring
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adequate planning of the decommissioning activities in advance.
Another purpose of the regulations is to promote the development and establishment of common ideas
and standpoints concerning decommissioning in Sweden.
Radiation protection issues during decommissioning have so far mainly been regulated case by case by
the SSI. These cases form a base of requirements that can be expected to be applicable also in the
future, but they do not give a fully transparent picture. The proposed regulations should clarify the
situation.

CONTENTS OF THE REGULATIONS
Applicability
The regulations are intended to be applicable to all nuclear plants, except permanent installations in
final repositories for radioactive wastes. The term "nuclear plant" is defined in the act on nuclear
activities (SFS 1984:3), and covers for example nuclear power reactors, research reactors, nuclear
waste treatment and storage facilities and nuclear fuel fabrication plants.

Definitions
The term "decommissioning" is used to describe all actions taken by the license holder after final
shutdown in order to reduce the amount of radioactive substances in land and building structures to
levels that permit clearance of the plant. This includes for example planning, measurements,
decontamination, waste management and documentation of the work. The SSI anticipates that
clearance is the ultimate goal of the decommissioning of a nuclear plant. Alternatively, the plant could
be reconstructed for some other practice. This is however not treated in the regulations.
The term "clearance of plant" is used to describe a decision by the SSI that, from a radiation protection
point of view, there are no further restrictions on the use of land and building structures.
The term "finally shutdown plant" is used to describe a plant in which the main activity has terminated
with the purpose of not to be restarted. This is a general description applicable to all kinds of plants.
Specifically, it defines the final shutdown of a research reactor as the termination of production of
neutrons for research purposes, the final shutdown of a nuclear power plant as the termination of
electricity production and the final shutdown of a fuel fabrication plant as the termination of
fabrication of nuclear fuel.

New or modified plant
In the draft regulations, there is a general requirement that radiation protection issues of the future
decommissioning shall be considered during construction of a new nuclear plant or when an existing
plant is modified. In Sweden, new nuclear plants are only foreseen in connection with future waste
management. Examples of issues that should be considered when a nuclear power reactor is modified
are the possible presence of cobalt in construction materials and the accessability of components in
high radiation areas.

Planning of decommissioning
For nuclear plants in operation, the main requirement of the draft regulations is that the license holder
shall have a preliminary pre-plan for future decommissioning of the plant. The plan shall be kept upto-date and reviewed in connection with changes in the plant.
The requirement on pre-planning is specified in subsequent sub-paragraphs. First, there are
requirements on the documentation needed for the planning. The documentation shall include
information on the plant and its operational history, experiences from dose-consuming activities,
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information on radiation levels and inventories of radioactive substances, and other relevant
information.
Second, there are requirements on an analysis of different viable options for performing
decommissioning, i.e. different methods, time-scales and ultimate goals shall be considered and the
consequences shall be investigated. The investigations shall cover probable and accidental radiation
doses to personnel and releases of radioactive substances to the environment, management of
radioactive materials, and the need for information and education of personnel. The investigations for
radioactive materials shall cover expected amounts and flow of material.
Third, it is required that organizational issues shall be identified within the pre-planning process. Since
decommissioning will most probably require a different organization than operation, preparations
should be made for this transition in advance.
It is important to note that the draft regulations do not put any requirements on how or when
decommissioning shall be performed. Instead, the regulations demand that the license holder
investigates different possible options in order to make an optimised choice. However, the SSI has
earlier [1] stated that it should be possible to decommission a Swedish nuclear plant within 10 to 15
years after final shutdown, provided that adequate final or intermediate waste storage is available.

Finally shut down plant
When a plant has been finally shut down, the proposed regulations require that the license holder shall
present an overall description of the foreseen decommissioning, covering methods, time-scales and
project goals. This implies that the license holder shall select one of the decommissioning options that
have been investigated in the pre-planning process. The description shall be submitted to the SSI
within one year after final shutdown, together with an overall description of the radiological
consequences of the chosen decommissioning option. The description shall cover probable radiation
doses to personnel and releases of radioactive substances to the environment, activities that can lead to
unplanned events, and expected amounts and flow of radioactive material.
The purpose of planning should be to identify critical issues at an early stage, without spending
unnecessary effort on details too much in advance. Therefore, the SSI does not intend to require any
detailed decommissioning plan directly after final shutdown. Instead, the draft regulations require that
the license holder declares how he intends to tackle specified issues within the planned future
activities. This "declaration of intentions" shall cover organization of involved personnel, actions in
case of unplanned events, supply of competent personnel, radiological characterization of the plant,
handling, transport and storage of radioactive material and control of releases of radioactive
substances.

Dismantling after final shut down
Before partial or total dismantling is initiated, the proposed regulations require that the license holder
shall present an overall description of the work. The description shall be submitted to the SSI at least
four months before dismantling is initiated. The description shall essentially be a detailed plan of the
foreseen activities, covering the same issues as the pre-planning. Also, a description of anticipated
methods for determination of residual radioactive substances and action levels for further
decontamination shall be included, as well as a description of the quality assurance of the radiation
protection work. The SSI will review the plans and, if required, put additional radiation protection
conditions on the work.
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Data for submission to the European Commission
According to Euratom Article 37, each member country shall submit general data on decommissioning
plans to the European Commission. To facilitate submission to the commission, the proposed
regulations require that the license holder shall submit the general data to the SSI nine months before
dismantling is initiated.

Documentation for clearance
After decommissioning, the license holder should prove that the remaining plant may be subject to
clearance by the SSI. The proposed regulations therefore require that the license holder shall document
relevant information during decommissioning. The documentation shall contain results from
measurements and calculations, as well as decisions and actions taken that have influence on the
distribution and amount of remaining radioactive substances.

CONSEQUENCES AND IMPLEMENTATION
The SSI believes that the requirements in the proposed regulations should lead to a well prepared and
thereby safe and cost efficient future decommissioning of nuclear plants in Sweden. The main initial
consequence of the regulations would probably be some initial efforts by the license holders to review
existing routines for documentation and archive keeping, review estimations of radioactive
inventories, review existing plans for waste management, and establish the required preliminary
decommissioning plans. It should be possible for the license holders to achieve this fairly soon after
issue of the regulations. As mentioned above, the regulations are expected to be issued during 2002.

REFERENCES
[1]

SSI's Policy concerning time-related aspects of nuclear facility decommissioning (adopted
at an official meeting with the Director General of the SSI, November 29, 1999, dnr
00/142/99)
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Abstract. One of the most important problems of radiation safety in Russia is the decommissioning of the liquid
radioactive waste water basins of the PO "Majak" (Ozersk), Siberian Chemical Plant (Seversk) and MiningChemical Plant (Zheleznogorsk). The liquid radioactive waste water basins were constructed in 1950-1960 for
the collection and storage of liquid waste from the radiochemical plants. The potential hazards of the liquid in
the radioactive waste water basins are: migration of radionuclides into the soil of the liquid radioactive waste
water basin floors; wind-induced carry-over of radionuclides from the liquid radioactive waste water basins;
hazards (radiation included) to the environment and population arising in case physical barriers and hydraulic
structures are damaged; and criticality hazards. The classification of the liquid radioactive waste water basins
were developed based on the collection and analyzes of the information on liquid radioactive waste water basin
characteristics and the method of multicriterion expert assessment of potential hazards. Three main directions for
the improvement of safety regulation in the management of radioactive waste accumulated in the liquid
radioactive waste water basins were defined: 1. Common directions for the improvement of safety regulation in
the area of rehabilitation of the territories contaminated with radioactive substances. 2. Common directions for
the improvement of safety regulation in the area of rehabilitation of the territories, such as the liquid radioactive
waste water basins. 3. Special directions for the regulatory activities in the area of operation and
decommissioning of the liquid radioactive waste water basins of the PO "Majak" (Ozersk), Siberian Chemical
Plant (Seversk) and Mining-Chemical Plant (Zheleznogorsk). As a result, concrete recommendations on safety
regulation for the management of radioactive waste accumulated in the water basins were developed.
INTRODUCTION
The main global ecological problems of the second half of the 20th and the beginning of 21st century
are in many respects associated with the consequences of the implementation of nuclear defense
programmes. Impetuous, unprecedented rapid implementation of the programmes determined accepted
methods for solution of many scientific, engineering and production problems. It is also the reason
why mankind failed to avoid severe radiation accidents, which have changed our attitude to the safety
problems, environmental and health protection. One of the most important problems is safety
regulation in the management of radioactive waste (RW) accumulated as a result of previous activities
[!]•
At present, 480 km2 are contaminated with radionuclides at 22 facilities of Minatom of Russia. This
includes 376 km2 of contaminated land and 104 km2 of water surface of contaminated ponds.
Contamination is distributed by the following types of areas: industrial sites - 63 km2, control areas 220 km2, observation areas - 197 km2. Most of the territory (about 98%) has been contaminated as a
result of the discharge of radioactive substances into the Techya River and due to accidents at PO
"Majak".
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The total area of the water basins at the PO "Majak", the Siberian Chemical Plant (SCP) and the
Mining-Chemical Plant (MCP) is ~ 91 km2, including ~ 88 km2 at PO "Majak" ['•2'3].
The following facilities were investigated in the frame of project 1353:
•

The water basin at PO "Majak" - B-2, B-3, B-4, B-6, B-9, B-10, B-l 1, B-17;

•

The water basin at SCP - BX-1; Water basin B-l, B-2; pulp storage facilities ITX-1, ITX-2;
basin-25; water storages BX-3, BX-4; and

•

The water basin at MCP - Water basin 365, 366, 354, 354a.

The parameters of the above water basins were investigated, which defined the safety state of the
water basins.
The work performed enabled the following:
•

to identify specific safety regulation needed in the management of the radioactive waste
accumulated in the water basin of PO "Majak", SCP and MCP;

•

to formulate proposals for special requirements to be included in license conditions for
water basin operation and decommissioning.

INDICES OF THE POTENTIAL HAZARD OF THE WATER BASIN
In the development of approaches to finding a solution of the safety regulation problem in the
management of RW accumulated as a result of previous activities, those used in risk management [1,
2] could be applied. Within stages A-5, A-6 and A-7 of project 1353, the following studies were
performed:
•

Analysis of water basin parameters;

•

Identification of hazardous situations, which could be initiated by the water basins;

•

Development of a classification of the water basins by the level of their potential hazard;
and

•

Analysis of compliance of the water basins safety state with the current regulatory legal
documents, which regulate safety in RW management.

Classification of water basins by their potential hazard
The WATER BASINS of PO "Majak", Siberian Chemical Plant and Mining-Chemical Plant could be
subdivided into 3 groups according to the level of accumulated activity.

Water basin ofPO "Majak"
The water basins of PO "Majak" could be subdivided into three groups of hazard according to the
specific activity of alpha- and beta-emitting radionuclides, i.e., the total content of long-lived
radionuclides (Pu-239, U-235 and so on), in water and bottom sediment.
The first group includes the water basins B-9 and B-17. The total content of radionuclides in them is ~
4400 PBq; and ~ 74 PBq, respectively, while the average specific activity of the water phase amounts
to -15 and ~2.2 GBq/dm3. The level of specific alpha-activity of the bottom sediment of the water
basin B-9 is - 0 . 4 - 4 MBq/1, the level of beta-activity of bottom sediment is ~63 GBq/1.

-44-

The second group includes the water basins B-3, B-4 and B-10. The total content of radionuclides in
them comes to: B-3 — 1.6 PBq; B-4 - 0.3 PBq; The specific activity of water in the above water basins
is ~ -0.04 - 0.4 MBq/dm3.
B-10 is attributed to the second group of water basins because of the high accumulated activity (8.5
PBq), though specific alpha- and beta-activity of bottom sediment is much lower that in water basins
B-3 and B-4.
The third group includes water basins B-2 (total activity -810 TBq). B-6 (total activity ~11 TBq), and
B-l 1 (total activity -960 TBq), could be included. Specific activity of water in these water basins
comes to 0.4 - 4 KBq/dm3 [7,8,9].
Thus, water basins of PO "Majak" could be subdivided into three groups:
First group of water basins: B-9 and B-l 7.
Second group of water basins: B-3, B-4 and B-10.
Third group of water basins: B-2, B-6 and B-l 1.

Water basins of the Siberian Chemical Plant (SCP)
At SCP, a significant amount of generated low and intermediate level liquid waste has been injected
into the underground water-bearing horizons. In the water basins, low level of radioactive waste with
high content of alpha-emitting radionuclides and different types of pulp are being stored.
Processed intermediate level waste, discharged into artificially made water basins B-l and B-2,
contained significant amount of alpha-emitters. The bottom and the edges of these water basins are
covered with a clay layer, which prevents migration of radionuclides. The total amount of
radionuclides accumulated in water basins B-l and B-2 is more than 3 EBq.
According to the evaluation, water basins B-l and B-2 shall be included in the first group of water
basins by the levels of total activity accumulated in water basins, by specific activity of bottom
sediment, and by the alpha- and beta-activity.
Water basins BX-3, BX-4, B-25, and the pulp storage facilities ITX-1 and ITX-2 could be included in
the second group of water basins.
The SCP BX-1 should be included in the third group of water basins.
Thus, water basins of SCP could be subdivided into three groups:
First group of water basins: B-l, and B-2.
Second group of water basins: B-25, BX-3, BX-4, ITX-1, ITX-2, B-3, B-4, and B-10.
Third group of water basins: BX-1.

Water basins of the Mining-Chemical Plant (MCP)
At MCP, as well as at SCP, low and intermediate level liquid radioactive waste has been injected into
the underground water-bearing horizons for many years; therefore there are only four contaminated
water basins on the surface. The level of radioactive contamination of these water basins is much
lower than that of the PO "Majak" and SCP water basins. Late in the 1980s, a decision was made to
backfill the water basins. At present water basin 354 is almost completely backfilled. All water basins,
in spite of availability of a clay seal (layer), represent a certain radiation hazard, in particular water
basin 366 due to its location close to the Yenisey River.
According to the proposed above classification, all water basins of MCP could be attributed to the
second group of facilities.
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Nevertheless, classification of water basins by their potential hazard basing on the quantitative indices
of accumulated activity only is one-sided and it doesn't take into account all other hazardous factors
created by the facilities under consideration.
Analysis of water basin parameters enabled us to single out a number of basic factors, which are
peculiar to some extent to all water basins and to determine their hazard - i.e. generalized list of
hazards:
High content of radionuclides.
Presence of long-living radionuclides.
Large open water surface subjected to impacts of different meteorological phenomena (wind,
tornado, precipitants, temperatures and so on). Potential dewatering of edges and bottom of
water basins can result in wind-induced carry-over of radionuclides.
Lack of a system of barriers on the path of potential migration of radionuclides with
underground water. The bulk of radionuclides accumulated in the water basins are concentrated
in bottom sediment. Most water basins are not equipped with reliable protective shields of the
edges and the bottom to prevent radionuclide migration into underground water-bearing
horizons. Even those water basins that are equipped with physical barriers (clay shields) are not
provided with reliable isolation of LRW from the environment.
More than 95% of all radionuclides accumulated in water basins are concentrated in the bottom
sediment. Presence of uranium or plutonium in the bottom sediment could be a reason for
criticality.
Practically all water basins are equipped with hydraulic structures (HS) - (dams and dyking of
water basins, by-passing channels, water pump stations), their damage or rupture being one of
the hazardous factors.
For example, the following are the most hazardous events from the point of view of potential radiation
impact, which can occur as a result of accidents at water basins of the PO "Majak":
Activity carry-over from the Karachai Lake water area (water basin B-9) as a result of a tornado;
Dewatering of Karachai Lake side exposing the mud;
Migration of radionuclides with underground water under the Karachai Lake;
Rupture of dam 11 and carry-over of radioactive water outside the cascade of water basin on the
Techya River (TCW);
Processes resulting in local increase of concentration of fissile nuclides up to the hazardous
values (criticality).
For quantitative assessment of hazards created by water basins, a multi-criterion method of expert
evaluation was used [10].
The experts were provided with the following criteria for assessment of the water basin hazard:
Total activity in the water basin;
Specific activity of the water phase of the water basin;
Specific alpha-activity of the water phase and bottom sediment;
Contamination of the environment and radiation consequences due to hydrometeorological conditions (wind-induced carry-over of radionuclides, precipitants,
temperature impacts and so on);
Contamination of underground waters and radiation consequences at present and in the
future;
Effect of hydraulic structures on the state of safety of the population and environment;
and
Probability of criticality with radiation consequences.
Experts from different organizations of Minatom of Russia, Ministry of Science of Russia and
Gosatomnadzor of Russia took part in carrying out the multi-criterion assessment. The tables with
assessments received from the experts were depersonalized and given conditional numbers. A group of
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other experts identified normalized coefficients of the expert competence. As a result of the expert
assessment, a hazard index (HI) was calculated for each water basin.
Processing and analysis of obtained results demonstrated the following:
Water basin B-9 (PO "Majak") got the highest hazard index HI= 16.8. The next is water
basin B-l (SCP) (HI=12.3). Water basin B-2 (SCP) is at present backfilled, nevertheless,
due to the amount of radionuclides in the bottom sediment its HI=9.6.
Water basin B-17 (PO "Majak") got HI=7.8 due to accumulated total activity and being
before discharges of tritium condensate and alpha-active radionuclides. Besides, there is
a probability of a rupture of the water basin dam. Water basin B-25 (SCP) contains longliving radionuclides, therefore its HI= 4.83.
Cascade of the water basin on the Techya River (PO "Majak") B-3 (HI=3.5), B-4 (HI=3)
and especially B-10 (HI=5.2) and B-l 1 (HI=5.8), according to the experts' opinion,
deserve most rapt attention of their safety state.
Water basins BX-3, BX-4, ITX-1 and riX-2 (SCP), 365 and 366 (MCP) have rather close
HI: 3.74, 3.15, 3.6, 3.5, 2.5 and 2.6, respectively.
The water basins of reverse water supply B-6 (PO "Majak") and BX-1 (SCP) have low
hazard indices (1.4 and 1.1, respectively).
Table 1. Classification of water basins by the level of their potential hazard
Nuclear fuel cycle plant. Water basin, its
origin and stage of the service life
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Results of the expert assessment enabled us to classify the water basins by potential hazard (table 1). It
should be mentioned, that the cascade of water basins on the Techya River is attributed to the first
group of potentially hazardous facilities, as far as its total hazard index is 17.5.

ACTIVITIES OF THE OPERATING ORGANIZATIONS ON ENSURING SAFETY
OF WATER BASINS. ASSESSMENT OF COMPLIANCE OF WATER BASIN
SAFETY WITH THE CURRENT REGULATORY LEGAL DOCUMENTS, WHICH
REGULATE SAFETY IN RADIOACTIVE WASTE MANAGEMENT.
The operating organizations have taken a number of measures to improve the safety of water basins.
The measures taken enable assurance of current safety levels for the personnel and population during
operation and decommissioning of water basins to be in compliance with requirements of the sanitary
regulations and departmental documents.
Performed analysis also enabled us to mark out the following main directions of activities being
accomplished at the PO "Majak", SCP and MCP to improve the safety level of water basins:
Upkeep of hydraulic structures in compliance with requirements of technical documentation;
Control of the water level in water basins to prevent exposure of the banks and bottom sediment;
Discharge of LRW into water basins in compliance with regulations approved by the sanitary
and environmental authorities;
Taking measures to minimize the amount of LRW being discharged into water basins;
Development of LRW conditioning and solidification methods;
Carrying out of preparatory work for decommissioning of water basins under operation;
Environmental monitoring in the areas impacted by water basins;
Research activities aimed at solving safety assurance problems during operation and
decommissioning of water basins.
For example, at the SCP and MCP, a decision was made to decommission all water basins, operation
of some of them have already been terminated. Currently, SCP discharge of LRW into water basin B-l
has been stopped, and water basin B-2 has been completely backfilled. WATER BASIN 354 at MCP
is at the stage of liquidation (most part of its water area is backfilled. The water basins mentioned have
been taken out of the plant process cycle of radioactive waste management and their decommissioning
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is in planning. At the PO "Majak", no decision has yet been made on water basin decommissioning.
It should be mentioned that as of now, there are no projects available for water basin
decommissioning. Proper attention is not paid to the development of methods of low and intermediate
level radioactive waste management without the use of water basins. The work on conservation of
water basin B-9 (PO "Majak"), B-2 (SCP) and 354 (MCP), consisting of backfilling, practically comes
to the creation of near surface repositories for radioactive waste containing long-living radionuclides.
The solution of the problem of water basin long-term safety has been postponed.
At present the water basins are being operated and decommissioned (or conserved), mainly in
compliance with Minatom documents, which establish the following requirements: water balance,
fluctuation of the water surface level, permissible discharges, prevention of contamination of the
environment with aerosols, prevention of wind-induced carry-over of radionuclides from the shoreline
of the water basin, conservation methods, arrangements for and carrying out of observation of the
environment during conservation and after conservation is completed. [11, 12]. However, Minatom
documents, which regulate the activities above, as a rule do not describe approaches to safety
assurance in solving the problems of rehabilitation of the territories from the point of view of the
current requirements, established by the legislation of the Russian Federation, international legal
documents and recommendations provided by the international organizations. Operation of water
basins is accomplished with violation of the legislation of the Russian Federation, including violation
of a number of articles of the Federal Laws: Federal Law "On the Use of Nuclear Energy" (art. 48),
"Water Code of the Russian Federation" (art. 104), Federal Law "On Environmental Protection"
(art.51, it.2), Russian Federation Law "On Safety of Hydraulic Structures" (art.10-12), and also
violation of a number of provisions of the "Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management".

PECULIARITIES OF SAFETY REGULATION OF WATER BASINS
Peculiarities of safety regulations for water basins and rehabilitation of the territories are defined by
the following main factors:
•

the use of a number of water basins in the plant technological process up to
now; and

•

lack of sufficient experience (both Russian and foreign) on safe management
of large volumes of LRW containing significant amount of radionuclides
including long-lived radionuclides.

Ensuring the safety of water basins shall consist in the rehabilitation of the water basin areas
contaminated with radionuclides and of the territories being under the impact of the water basins [13].
Analysis of foreign and Russian scientific and technical literature, regulatory legal documents,
standard technical and operational documentation, related both to general issues of safety regulation in
rehabilitation of the territories contaminated with radioactive substances and to water basin operation
and decommissioning, enabled us to define the main directions of activities on improvement of safety
regulation in the field.

Regulatory activity aimed at the development and implementation by the authority
controlling the use of nuclear energy of programmes for rehabilitation of contaminated
territories
To solve the problems of safety assurance, it is required to use programme target methods, significant
scientific, technical and financial recourses are needed. Activities accomplished by the US Department
of Energy for rehabilitation of contaminated territories could serve as an example of approaching these
problems [14].
Under the circumstances, when it is not possible to stop operation and to decommission water basins,
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solutions shall be found for accident prevention and protection of the personnel, population and
environment against consequences of potential accidents. Measures covered by the programmes shall
be based on analysis of hazard (risk) caused by water basins and on optimization investigations aimed
at risk reduction (assessment of impact of alternative variants on safety and environment).

Regulatory activity aimed at the development and implementation by the operating
organizations of water basin safety improvement measures
Rehabilitation of territories of nuclear fuel cycle facilities contaminated with radioactive substances
covers two interconnected tasks:
Short-term and medium-term measures on rehabilitation of the environment, which shall be
aimed at reduction or, if possible, elimination of the most significant hazards (risks) associated,
for example, with wind induced carry-over and migration of radionuclides in the soils and
ground water.
Long-term measures related to the problems of management of radioactive waste generated in
result of previous activities, and also management of radioactive waste generated as a result of
rehabilitation of the territories.
The work on radioactive waste management and rehabilitation of the territories shall be planned in
such a way, so that to combine reduction of short-term risks with the minimization of long-term risks.
If methods for rehabilitation of the territories and relevant resources required for rehabilitation are not
available, intermediate measures shall be taken, such as restricted access to the territories and
investment in research activities and design activities aimed at the development of required methods.

Regulatory activity aimed at carrying out research activities for water basin safety
improvement
It has been revealed that operating organizations do not have complete information on water basins.
For example, data on total activity accumulated in water basins, specific activity of individual
radionuclides, radionuclide composition of the water phase and bottom sediment have not been studied
enough. The resulting data is presented in different forms and do not coincide.
Ensuring the current safety and long-term safety of water basins belong to science intensive problems.
To solve these problems, in particular, research activities should be accomplished:
To study in detail qualitative and quantitative radionuclide composition of LRW in water basins,
as well as hydrological, biological and other parameters of water basins;
To investigate radionuclide behavior in water basins, to study migration of radionuclides through
protective barriers and water basin bottoms into the surface drainage network and underground
water-bearing horizons;
To investigate processes of radionuclide propagation from the surface and banks of water basins
under normal climatic conditions and in extreme hydro-meteorological situations;
To study a mechanism of radiation-chemical reactions between radioactive waste
macrocomponents in the liquid phase and bottom sediment;
To investigate efficiency of physical barriers, providing required safety of radioactive waste
repositories on the site of former water basins within a long term.
To forecast long-term behavior of artificial and natural barriers as well as potential radiation
consequences in the normal evolution of closed water basins and in case of unfavorable
scenarios.
Besides, it is necessary to solve a number of scientific, technical and engineering problems such as:
To develop methods and to design facilities for processing and conditioning of LRW
accumulated in water basins;
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To develop methods of processing of bottom sediment and/or the water phase;
To develop methods and techniques for water basin decommissioning taking into account the
harm-benefit principle;
To define methods and scope of radiation monitoring at all stages of water basin
decommissioning and after decommissioning.

MAIN DIRECTIONS OF REGULATORY ACTIVITY IN LICENSING OF WATER
BASIN OPERATION AND DECOMMISSIONING
The basic document justifying safety assurance in operation and decommissioning of water basins is a
safety analysis report (SAR). It shall contain rather complete information for adequate understanding
the water basin design and basic principles of safety assurance.
The preliminary content of an SAR, showing specifically the water basin safety justification, is
presented below:
1) Description of the current state of the water basin (morphology, hydrology, engineering geology,
climate, biology, and other required information).
2) Description of the technological process of the water consumption system.
3) Qualitative and quantitative radionuclide composition of the water phase and bottom sediment in
the water basin.
4) Behavior of radionuclides in the water basin and analysis of factors, which effect variation of
radionuclide concentration in the water and bottom sediment. Physical and chemical processes in
water and bottom sediment and the assessment of the risk of initiation of the chemical exothermal
reaction in bottom sediment.
5) Analysis of the state of barriers, preventing migration of radioactive substances to the
environment, and monitoring of the barrier's state.
6) Arrangements for water basin monitoring.
a) Monitoring of environmental contamination in the area of the water basin.
b) Monitoring of water contamination in the water basin.
c) Monitoring of underground water contamination.
d) Monitoring of the state of hydraulic structures.
e) Monitoring of bottom sediment contamination.
7) Analysis of radionuclides propagation from water basins to the environment.
a) Assessment of wind-induced carry-over of radionuclides from water basins:
i) ingress of radionuclides to the atmosphere;
ii) pollution of the surface air layer with radionuclides in the water basin area;
iii) radionuclide fallout on site;
iv) areas impacted by wind induced carry-over of radioactive aerosols from the water basin;
and
v) measures to reduce wind induced carry-over of radioactive aerosols from the water basin.
b) Assessment of the migration of radionuclides with underground water and measures to reduce
propagation of radionuclides with underground water.
8) Justification of radiation safety of the personnel and population in the area being under impact of
the water basin.
a) Evaluation of the personal dose.
b) Evaluation of the population dose in the area under impact of the water basin.
9) Safety analysis.
a) List of initiating events of design basis accidents.
b) List of beyond design basis accidents.
c) Results of deterministic and probabilistic safety analyses.
10) Justification of stability of hydraulic structures.
11) Justification of nuclear safety.
12) Water basin decommissioning,
a) Decommissioning concept.
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b) Decommissioning programme.
c) Results of complex survey.
d) Design solutions.
e) Safety analysis.
f) Radiation monitoring in decommissioning.
g) Information supply for decommissioning.
13) Analysis of the long-term safety concerns of the water basin after its decommissioning.
The SAR shall be based on information supported with observations, experimental studies and
calculations.
Special requirements included in license conditions for the types of activities related to operation and
decommissioning of water basins represents one of the basic ways for regulatory activity. They shall
be aimed at the development and systematic implementation by the operating organizations of
engineering and administrative measures, including research activities directed toward water basin
safety improvement.
In establishing special requirements to be included in license conditions, it is possible to apply a
method of checkpoints, which is used by foreign safety regulatory authorities. If measures
implemented by the operating organization for safety assurance are as a whole approved by the safety
regulatory authority in licensing of types of activities, a regulator establishes a number of checkpoints,
which are important from the point of view of the safety regulatory authority, and follows work
progress at the checkpoints. Finally, special requirements included into license conditions will be
aimed at decommissioning of water basins and rehabilitation of contaminated territories.
It seems expedient to license the types of activities (operation, decommissioning) for each water basin
or for a group of functionally connected water basins, but not for a water basin as a part of nuclear
facility, as it used to be before.
It is proposed to subdivide water basins into the following groups:
At PO "Majak": B-9; B-17; group - B-3, B-4, B-10, B-l 1 (TCW); B-2; B-6.
At SCP: B-l; B-2; B-25; group - ITX-1, ITX-2; group - BX-3, BX-4; BX-1.
At MCP: 354; group - 365, 354a; 366.

CONCLUSION
Under the work performed as part of the Project 1353, a complex assessment of the current safety
level of water basins was carried out at the PO "Majak", SCP and MCP.
The groups of the most hazardous water basins were defined and a set of scientific, engineering and
administrative tasks was proposed for developing a solution, which is necessary for operation and
decommissioning of water basins.
Classification of water basins by their potential hazards was elaborated. Generalized quantitative
indices of water basins were developed on the basis of multi-criterion assessment of hazards. This
allows a comparative assessment of WATER BASIN by their hazard indices to be performed.
Peculiarities of water basin safety regulation were considered and the main directions of regulatory
control were defined.
A preliminary list of special requirements to be included in license conditions for types of activities at
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water basins was formulated.
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Abstract. The process of decommissioning begins after the final shutdown of the facility or after an abnormal
event when the facility is no longer considered viable for operation and ends with the release of the site for use
by a responsible organization as authorised by AERB or for unrestricted use by the public.
Decommissioning of a nuclear facility involves decontamination, dismantling, cutting, packaging &
transportation of plant equipment and materials and handling, treatment, conditioning, storage/disposal of
radioactive and inactive wastes generated.
In India, AERB has issued a Safety manual AERB/SM/DECOM-1 on Decommissioning of Nuclear Facilities
which discusses various aspects of decommissioning including: criteria for occupational exposures, discharge of
radionuclides to the environment, criteria for long term waste disposal and clearance levels. It also prescribes the
requirements with regard to advance planning for decommissioning of nuclear facilities and quality assurance
during decommissioning. The criteria for categorisation of wastes and their mode of disposal is also prescribed.
In India, the complete decommissioning of a major nuclear activities has not been carried out. However, as a
part of life extension programme, en-masse coolant channel replacement of RAPS-2 at Kota, Rajasthan has been
performed. The irradiated reactor components coming out from the core of the reactor were safely disposed in
tile holes at a near surface disposal facility at the solid waste management plant. This experience has provided
confidence that, with modern technological developments, decommissioning of NPPs and other facilities can be
carried out without undue risk to the occupational workers, members of the public and the environment.

INTRODUCTION
Nuclear power was introduced in India in 1969 with the commissioning of the Tarapur Atomic Power
stations (TAPS), comprising of two boiling water reactors (BWRs). However, the Indian nuclear
power programme of today is essentially based on Pressurised Heavy Water Reactors. A list of nuclear
power stations and their operational status is provided in Annex-1. As can be seen from this annex,
with two Boiling Water Reactors (BWRs) and twelve Pressurized Heavy Water Reactors (PHWRCANDU type), the total installed capacity is 2720 Mwe. The first PHWR of India, RAPS-1, was
commissioned in 1972 and the latest four units were made operational during the past two years. All of
these 14 reactors are operating. In addition to NPPs, all the facilities required for the front and back
end of the nuclear power programme are also operated in the country.
TAPS -1&2 and RAPS-1 have been in service for about 30 years. In order to continue the operation of
these units the Nuclear Power Corporation of India Limited (NPCIL) has taken up ageing management
and life extension activities as per the regulatory requirements. However, decommissioning would be
a necessity at some time after the extended life of the plant. Recognising this need, Atomic Energy
Regulatory Board (AERB) has issued a safety manual AERB/SM/DECOM-1 to focus attention on the
requirements of decommissioning after completion of the useful life of the nuclear facilities.
In India, full scale decommissioning of a major nuclear facility under regulatory control has not yet
been necessary. However, complete replacement of coolant channels was carried out for Rajasthan
Atomic Power Station (RAPS) Unit-2. This task required several major decommissioning activities to
be performed such as de-fueling of the entire core, decontamination of the coolant circuit, cutting and
removal of coolant channel assemblies, safe transportation of radioactive waste to a waste
management facility, safe disposal of the waste, etc. The experience gained during coolant channel
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replacement at RAPS-2 has provided confidence that decommissioning of nuclear facilities can be
carried out in the future without undue risk to workers, members of the public and the environment.
The responsibility of decommissioning a nuclear power plant lies with NPCIL. For the purpose of
meeting the cost of decommissioning, a decommissioning levy is collected from the consumers of
electricity from nuclear power stations and kept in a separate fund called the decommissioning fund.
The decommissioning fund is invested inlong term investment so as to earn optimum returns on the
fund while maintaining adequate safety and liquidity of the fund. This gives assuance to the AERB
that a lack of funds will not come in the way of safe decommissioning.
This paper discusses the specified regulatory requirements for decommissioning and the Indian
experience in Coolant Channel Replacement at the Rajasthan Atomic Power Station Unit-2.

REGULATORY REQUIREMENTS FOR DECOMMISSIONING
The process of decommissioning begins after the final shutdown of the facility or after an abnormal
event when the facility is no longer considered viable for operation and ends with the release of the
site for use by a responsible organization as authorised by the AERB or for unrestricted use by the
public.
Decommissioning of a nuclear facility involves decontamination, dismantling, cutting, packaging &
transportation of plant equipment and materials and handling, treatment, conditioning, storageand
disposal of radioactive and inactive wastes generated. The AERB has issued a decommissioning
manual AERB/SM/DECOM-1 and has outlined requirements for decommissioning.

Main safety objectives of decommissioning
Decontamination and disassembly of a facility, to the extent necessary, and clean up of
the site to levels acceptable for:
o limited use by a responsible organization in a planned manner and as approved by
the AERB; or
o unrestricted use by the public.
Protection of the workers, the public and the environment from the radiological and nonradiological hazards resulting from decommissioning.
Compliance with the prescribed limits to ensure that all radiation exposures are kept
below the set limits and as low as reasonably achievable (ALARA).
Minimization of the burden on future generations taking into account social and
economic factors in general.
Selection of the decontamination process such that the resulting radioactive waste is
safely and effectively managed.

Decommissioning plan
As per the present AERB requirement, the licensee has to submit the preliminary decommissioning
plan prior to being granted an authorisation for the operation of the nuclear facility. For satisfactory
and efficient decommissioning, several design features have to be provided in the design stage itself.
This plan needs to be revised and submitted to the AERB every 5 years taking into account new
developments. For older facilities, the submission of the decommissioning plan has been mandated.
However, before taking up the decommissioning of the facility, a detailed decommissioning plan has
to be prepared by the licensee. Based on the plan, the AERB will approve a set of technical
specifications for the facility to be followed during decommissioning.
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Waste disposal
Practices
In order to meet the objectives given above, the following practices shall be adopted:
(a)

Any discharge of radioactive liquid or gaseous waste to the environment shall be such
that resultant collective dose shall be as low as reasonably achievable (ALARA),
economic and social factors being taken into account but in no case exceed the AERB
prescribed discharge limits;
(b)
Solid waste and solidified waste resulting from the operation of reactors and research
laboratories are to be placed in near surface disposal facilities specifically constructed
for the purpose. Low and intermediate-level waste containing trace quantities of
alpha contamination from operation of fuel reprocessing units are also permitted in
near surface disposal facility; and
(c)
High-level and alpha contaminated liquid waste from fuel reprocessing facilities,
which are initially stored in tanks, shall be vitrified and the solidified products shall
be stored in near surface engineered storage facilities, with appropriate cooling and
surveillance provisions for a minimum period of twenty years at the end of which the
waste shall be transferred to deep geological repositories. Disposal of high-level
vitrified and cooled waste products and alpha waste shall be placed in deep
geological formations specifically chosen for the purpose.
Keeping in mind the above, the operating organization should select an appropriate method of disposal
for solid waste after considering the factors with regard to safety considerations for the disposal
facilities.

Waste categorisation and mode of disposal
Waste generated in the decommissioning process should be segregated and categorised in the
following five types according to final method of disposal or reuse.
(a) High-level waste (HLW): High-Level waste containing radioactivity having
thermal power output above 2 kW/m3 and/ or long lived radionuclides at
concentrations exceeding the limiting concentrations for short-lived waste as
given in (c).
i. Disposal in deep geological repository.
(b) Low and intermediate level waste - Long Lived (LILW-LL): Low and
intermediate level wastes having thermal power output about 2 kW/m3 containing
long-lived a-emitting radionuclides at concentrations exceeding the limits for
short-lived wastes as given in c).
i. Disposal in deep geological repository.
(c) Low and intermediate level waste- Short Lived (LILW- SL): Low and
intermediate level waste having thermal power output below 2 kW/m3 and longlived a-emitting radionuclides at concentration below 1500 Bq/g per individual
package or 150 Bq/g average per consignment with or without short-lived activity.
i. Disposal in near surface disposal facility.
(d) Low-level waste (LLW): Low level wastes with thermal power output below
2kW/m3 and
i. activity levels exceeding 10 times the clearance level (CL)
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1. Disposal in near surface disposal facility,
ii. activity above the CL but not exceeding 10 times the CL
1. Recycle or re-melt.
(e) Exempt Waste (EW): Exempt waste containing activity levels at or below
clearance levels which are based on an annual dose to members of the public of
less than 0.01 mSv require neither radiological restrictions nor restrictions on
equipment reuse.
Based on the above, the quantities of radionuclides that could be disposed in near surface disposal
facilities or deep geological repositories are derived. Long-lived and specific short-lived radionuclides
posing radiation dose problems over long periods of time have been classified into three distinct
classes, A, B and C, with activity concentrations in increasing order. The packaging and structural
stability requirements for these three classes are also prescribed.
The clearance levels are periodically reviewed taking into account updated and current dosimetric
models.

Quality assurance
Since decommissioning of a nuclear facility involves the handling of radioactive material on a large
scale, the quality assurance programme should take into consideration the following aspects for proper
accounting of radioactivity:
•

All information and records relating to radioactivity in the nuclear facility are
collected and documented prior to decommissioning;

•

For decommissioning leading to restricted release of the site, the records
pertaining to location, configuration, quantities, and types of radioactivity
remaining at the site during prolonged periods are updated and properly
accounted for; and

•

For subsequent decommissioning leading to unrestricted release of the site, all
the radioactive materials that were present at site at the commencement of
decommissioning are properly accounted for, their ultimate destination
identified along with their residual activity and confirmed before releasing the
facility for unrestricted use.

Safety considerations for the disposal facilities
The disposal facilities shall be designed and constructed to limit movement of nuclides to the
biosphere such that the radiation detriment to the population is within the prescribed limits. A model
study to demonstrate this ability shall be submitted to AERB.
The regulatory requirements as discussed above have evolved from international experience and will
undergo changes based on a scientific review of the development in the knowledge and technology
both nationally and internationally.

EXPERIENCE OF REPLACEMENT OF COOLANT CHANNELS AT RAPS-2
RAPS-2 is a horizontal pressure tube type reactor. There are 306 coolant channel assemblies
consisting of pressure tubes, end fittings and other components. The coolant channel assemblies are
supported at the two ends by end shields and pass through a horizontal cylindrical vessel called a
Calandria. A cold and low pressure heavy water moderator is kept in the Calandria vessel. Uranium
dioxide fuel bundles are kept in the pressure tubes. The hot and pressurised heavy water is circulated
through the pressure tubes to remove heat from the fuel. (Fig. 1)
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The pressure tube material used in RAPS-2 is Zircaloy-2. The material properties of the Zircaloy-2
deteriorate due to hydrogen pick-up and after about 8 to 10 full power years of operation, all the
pressure tubes have to be replaced. Due to this reason, the complete replacement of the coolant
channels was performed at RAPS-2. Since six reactors in India use Zircaloy-2 as pressure tube
material, it will be necessary to replace them in due course.
The task of the complete removal and replacement of all the coolant channel assemblies in RAPS
Unit-2 commenced in March 1996 and was completed in December 1997. The coolant channel
replacement operation involved several steps, which are discussed below.

De-fuelling of the core
The entire core was de-fuelled using the fuelling machines. A total of 3672 fuel bundles were
transferred to the spent fuel storage bay using the normal fuel transfer system. Subsequently a dry
storage facility was built at the RAPS site to relocate sufficiently cooled spent fuel bundles from the
spent fuel storage bay to dry storage concrete casks.

Decontamination of the coolant circuit and subsequent hot conditioning
Decontamination of the coolant circuit was carried out to reduce the radiation fields in the fuelling
machine vaults where the major job of cutting and removal was to be performed. Hot conditioning
(passivation) was a requirement to preserve the rest of the coolant circuit for future use by making an
impervious magnetite protective layer on them. For carrying out these activities, necessary temporary
engineering modifications were performed. Subsequent to this, the heavy water coolant was drained
to facilitate the beginning of the main job of channel cutting and subsequent removal.

Qualification of manpower
All the persons involved in the coolant channel replacement activity from supervisors to the workers
were trained on a 16-channel mock-up erected in the Reactor Component Assembly Shop. During the
training, each of the workers was qualified on all the components and tools. The training was
considered complete only after the individual had performed three operations successfully. After
completion of the training, all the workers were required to qualify before a committee specially
constituted for the purpose.

Qualification of tools and tackles
Tools and tackles were first qualified on the mock-up facility. In addition, the regulatory body
mandated that the first eight channels should be removed on an experimental basis to demonstrate the
effectiveness of the tools, tackles and procedures. Based on this experiment, a realistic plan was made
to estimate the requirement of manpower and the collective dose budget for each operation.

Cutting, removal and shipment of coolant channel assemblies
A motorised remote cutting tool was used to cut the coolant tube. After cutting of coolant tube on both
sides of channel, the assemblies were free to be taken out. The different assemblies were put in the
shielding flask specially located for the purpose. Immediately after the removal of the components,
shielding was provided at the removed location of the end shields to mitigate the beaming radiation.

Disposal of removed reactor components in the Solid Waste Management Plant
(SWAMP).
The irradiated reactor components coming out from the core of the reactor were having small
quantities of fission product plated activity and large inventory of activation product mainly Zr-95,
Nb-95, Sb-125, Sn-113, Mn-54, and Co-60, the last having the longest half-life of 5.3 years.
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The quantities of the reactor components and the radiation fields involved are given below.
SL.
No.

Description

1.

Pressure tubes
shield plugs

Quantity
with 306

Dimension

Max. Dose Rate
(Sv/hr)

Length: 5334.0 mm

1.8-7

Internal dia .: 82.55 mm
Wall Thickness: 4 mm

2.

End fittings

612

Length: 2205 mm
Outside
(max.)

3.

Garter Springs

612

Dia:

151

2.7-7.5
mm

Dia. 90 mm mad e of
rectangular section wire of
1.73 mmxl.04mm

0.3-0.6

All the removed reactor components were safely transported to the Solid Waste Management Plant.
Disposal of the coolant channel assemblies was done in tile holes and concrete was poured into the
holes after disposal. The radiation levels on the tile holes, after concreting, were brought down to 2 to
5 uSv/hr.
During the execution of the work, one of the major objectives was to control personnel exposures to a
minimum possible level. Meticulous planning, regular feed-back, continuous development of tools
and techniques and proper supervision lead to the effective control of the personnel exposures as well
as enhanced the work efficiency. Procedures and techniques were developed for various steps involved
in the channel replacement to ensure the smooth operations and safety of the working personnel.
Mock-up facilities and training were arranged for each and every major operation.

Regulatory role
The action plans related to the entire activity were discussed in detail with the regulatory body. The
check points in the campaign where further reviewed by the regulatory body. A special regulatory task
force was constituted to visit the RAPS site to verify the compliance with regulatory requirements.
During the entire campaign of complete coolant channel replacement, the regulatory body followed
concurrent regulation.

CONCLUSION
India has limited experience in the field of decommissioning of nuclear facilities. Regulatory
requirements are evolving with respect to decommissioning and will get firmed up with experience.
As a first step, a decommissioning manual has been prepared. The experience obtained from the
successful completion of the RAPS-2 coolant channel replacement provides confidence; however,
there is a need to further develop and improve upon methods and technology used for
decommissioning.

-59-

LIST OF EXISTING INDIAN NUCLEAR POWER STATIONS
Station

Power Rating

Type

Year of
commissioning

TAPS-1

160

BWR

1969

TAPS-2

160

BWR

1969

RAPS-1

100

PHWR

1972

RAPS-2

200

PHWR

1980

MAPS-1

170

PHWR

1983

MAPS-2

170

PHWR

1985

NAPS-1

220

PHWR

1989

NAPS-2

220

PHWR

1991

KAPS-1

220

PHWR

1992

KAPS-2

220

PHWR

1994

RAPS-3

220

PHWR

2000

RAPS-4

220

PHWR

1999

Kaiga-1

220

PHWR

1999

Kaiga-2

220

PHWR

2000

Total installed capacity 2720 MWe
All the stations are operating
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TAPS

Tarapur Atomic Power Station

RAPS

Rajasthan Atomic Power Station

MAPS

Madras Atomic Power Station

NAPS

Narora Atomic Power Station

KAPS

Kakrapar Atomic Power Station

BWR

Boiling Water Reactor

PHWR

Pressurised Heavy Water Reactor
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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 WWER1000 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 restarting;
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 doseintensive 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 WWER440 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

-71 -

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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ANNEX I
Table 1. Overview of documents regarding the closure and decommissioning of NPP reactors and the
period of their validity

Phase Of

Phase Iff

Phase 2

Phase 3

Phase 4

Shut-down

Closure

Preparatory phase

Safe storage

Dismantling

Concept of decommissioning for Energoatom NPP' s
Status of decommissioning fund for Energoatom NPP's
Plan of reactor shut-down for Energoatom NPP's
Programme for the management of the decommissioning radioactive wastes for
Energoatom NPP's
Concept for NPP decommissioning (to be developed for each I^PP)
Programme for NPP decommissioning (to be developed for each NPP)
containing:

t

•

Programme for radiation protection

•

Programme for radioactive waste management

•

QA programme

Programme
for shut-down
of a NPP unit

Programme for
closure of a NPP
unit

Safety report
for shut-down
of a NPP unit

Safety report for
closure of a NPP
unit

Changes in
technological
procedures
for operation
of a NPP unit

Technological
procedures for
closure of a NPP
unit

Programme for
the preparatory
phase of a NPP
unit
Safety report for
the preparatory
phase of a NPP
unit
Technological
procedures for
the preparatory
phase of a NPP
unit

Programme for
safe storage of
a NPP unit

Programme for
dismantling of
a NPP unit

Safety report
for safe storage
of a NPP unit

Safety report
for dismantling
of a NPP unit

Technological
procedures for
closure of a
NPP unit

Technological
procedures for
dismantling of
a NPP unit

Phase 0 - fuel removal from storage ponds (performed under Operating Licence).

tf
Phase 1 - closure of reactor, disabling of systems preventing further operation of reactor requiring
decommissioning licence and a series of permissions for subsequent phases.
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Abstract. It is inevitable that every nuclear facility must one day be safely decommissioned. When considering
decommissioning, large amounts of radioactive and non-radioactive waste have to be taken into account.
Disposal of such materials can have large economic impact on the overall decommissioning cost. In developing
countries like Ghana, the perception of environmental protection through waste management, is often not very
high as compared to many other pressing needs. Therefore limited resources are allocated for environmental
problems. Ghana operates a tank-in- pool type research reactor, 30kW output for research in neutron activation
analysis, radioisotope preparation, education and training, a radiotherapy unit that utilizes a 185TBq Co-60
radioactive sources for the treatment of cancer and a gamma irradiation facility which utilizes 1.85PBq Co-60
radioactive source for the irradiation of various materials. All these facilities are operating without designed
decommissioning in mind, an inadequate waste management infrastructure as well as a lack of a repository to
handling the resulting waste. It is today's beneficials of the nuclear facility that has to deal with the legacies of
the future decommissioning activities.
The paper outlines some of the challenges and issues to be expected in the management of waste from future
decommissioning of nuclear facilities in Ghana with the absence of a waste management infrastructure and
inadequate financial resources. The paper puts forth a concept to perform meaningful and significant plans
whilst the facilities are still operating.

INTRODUCTION
A 30 kW tank-in-pool reactor, Ghana Research Reactor-1 (GHARR-1), installed at the National
Nuclear Research Institute, Kwabenya, went critical on December 17, 1994. GHARR-1 is an
inherently safe reactor employing Highly Enriched Uranium (HEU) as fuel, light water as moderator
and beryllium as reflector[l]. Table 1 gives a summary of the technical details of the reactor.
The heat generated due to fission is removed by natural convection and transferred to the pool water
from the walls of the Al tank above the core region. Due to the effect of 'thermal syphon', the cold
coolant near the walls of the tank outside the annular beryllium reflector enters the inlet orifice and
cools the core. In all there are 344 fuel pins, which are concentrically arranged in 10 rings. There are
six dummy rods uniformly spaced on the outermost ring. Four tie rods located in the eighth ring, hold
the lower and upper grid plates in position. The core is provided with a guide tube in the centre
through which a central cadmium rod cladded in stainless steel moves to cover the full distance of the
core.
The fuel cage is located on a 50 mm thick bottom beryllium reflector and is surrounded by a 100mm
thick metallic beryllium annulus. The water above the core acts as a reflector. For long term reactivity
compensation due to fuel burn-up and samarium poisoning, beryllium shims of varied thickness are to
be placed in an aluminium tray located on top of the core [1].
The reactor is primarily designed for neutron activation analysis (NAA) in many fields, production of
short-lived radioisotopes and radiotracers applications, reactor physics research, teaching and
manpower training.
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Table 1. Technical Specification of Ghana Research Reactor-1 (GHARR-1)
PARAMETERS

DESCRIPTION

Reactor Type

Tank-in-pool

Rated thermal Power

30kW

Fuel

UA14 dispersed in Al base material

U-235 enrichment

90.2%

Core Shape

Cylinder

Core diameter

23.1cm

Core height

23cm

Total number of fuel elements

344

Total weight of Uranium

1106.559g

Total weight of U-235

998.116g

Total number of irradiation sites

10

Number of inner irradiation sites

5

Thermal neutron flux at (rated power) in inner
irradiation sites

1.0xl0 12 n/cm 2 -s

Thermal neutron flux at (rate power) in outer
irradiation sites

5.0xl0"n/cnr-s

Reactor cooling mode

Natural Convection

Height of inlet orifice

6mm

Height of outlet orifice

7.5mm

Diameter of fuel meat

4.3mm

Outer Diameter of fuel element

5.5 mm

Cold-clean-core excess reactivity

3.99 mk

Travel length of Cd control rod

230mm

The decommissioning of the reactor is expected to start after the year 2024 since its
conservative design life is assumed to be 30 years.
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DECOMMISSIONING INFRASTRUCTURE
Decommissioning is an integral part of the operation of a nuclear facility and it involves a number of
planning, regulatory, developmental and operational activities that must be done with regard to the
applicable safety standards.
Currently there are no regulations specific to decommissioning and radioactive waste management in
Ghana. Legislation regulating nuclear activities in Ghana are based on two document; the Atomic
Energy Commission Act 2000, (Act 588)[2], which repealed and replaced the Atomic Energy
Commission Act, 1963 (Act 204)[3], and the Radiation Protection Legislation Instrument (LI) 1559 of
1993 [4].
The Atomic Energy Commission Act 2000, (Act 588) amended and consolidated the law relating to
the establishment of the Ghana Atomic Energy Commission and related matters such as:
•

Making proposals to the Government for legislation in the field of nuclear
radiation and radioactive waste management.

•

Engagement in research and development activities as well as carrying out of
all requirement designed to secure the safety and health of radiation workers
and the environment.

The LI 1559 regulates and controls the use and management of radioactive materials in all national
endeavours. The LI 1559 provides minimal legal basis for regulatory control of waste management in
its totality. This legislation empowers the Radiation Protection Institute of the Ghana Atomic Energy
Commission as the sole regulatory authority in Ghana on Nuclear and Waste Safety.
Evidence of increasing numbers of radioactive sources and construction of large nuclear facilities and
a nuclear research reactor necessitates effective control measures to deal with the problems of waste.
A National Radioactive Waste Management Centre was thus established in 1995 to carry out waste
safety operations in Ghana. It is to develop a national waste management infrastructure including
legislation, training, equipment and other facilities. A draft National Radioactive Waste Management
regulation has been prepared and is before the parliament of Ghana for promulgation. These
regulations do not take decommissioning into consideration.
Decommissioning costs are staggering and because of their magnitude it warrants full management
attention. No reserve fund for the future costs of nuclear waste management and decommissioning of
nuclear facilities are available or planned for. Neither the Government of the Republic of Ghana nor
the operating organization have the funds necessary for safe solution of decommissioning. In
developing countries such as Ghana, the perception of environmental protection through waste
management is often not very high as there are many other pressing needs. Therefore limited resources
are allocated for environmental problems. Dramatic decommissioning cost saving actions will be
required to ensure that the research reactor doesn't become a liability to the taxpayer after its shut
down.
According to the initial contract, spent fuel from GHARR-1 will be shipped back to China. But before
shipment takes place, the fuel will have to be stored. It is expected that the unloaded fuel from the core
will be stored in the cooling ponds to ensure that residual heat is decreased to levels, which will permit
the transportation of the fuel to an interim storage site awaiting transportation to China. An interim
storage facility thus has to be built.
It is expected that operational facilities will be used for the treatment of the waste from
decommissioning activities. A Waste Storage facility was constructed in the mid sixties in anticipation
of the 2MW reactor that was never installed. The facility consists of a decontamination unit, two
concrete vaults (about 5 x 15 m and 4m deep) intended for low and intermediate level waste storage
and 60 wells (about 0.5m diameter x 4.6m) for storage of spent fuel. Assessment made on the facility
indicates that the vaults are very old and too deteriorated to be considered for any future waste storage.
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However the decontamination unit and the wells are still in good condition and are under
refurbishment for use as a Central Waste Processing and Storage units respectively. A laboratory will
be provided with the necessary equipment for quality control. Research to support technological
process shall be carried out in the laboratory. A quality assurance and control systems will be
developed and established as it is an important requirement in establishing a national system for
radioactive waste management. A new interim storage facility with a maximum capacity of 100 200L
drums has been built. The cost of refurbishment is estimated at US $ 100,000(one hundred thousand
U.S. dollars)[5]. The rehabilitation works, which was expected to be completed and made operational
by 2001, is still far from completion.

STRATEGY
Decommissioning is inevitable and it is today's beneficial of the nuclear facility that has to deal with
the legacies of the future decommissioning activities. Planning for decommissioning should begin
before a finally decision is made to shut down the reactor. As while the reactor is still operational,
there is enough time for planning to achieve the best result. This will require the formation of an office
to regulate and be responsible for decommissioning programmes. It will develop a comprehensive,
well formulated planning programme to identify the scope of the decommissioning effort, identify and
resolve waste management issues, establish a cost estimate for decommissioning, address the safety
aspects, cost and schedule of the decommissioning.
Dramatic decommissioning cost savings is required as decommissioning cost is large, often exceeding
the initial cost of construction. The regulation to be developed for decommissioning should address
the issues of financing decommissioning activities. The mechanism of accumulation of financial
resources for decommissioning should be put into force while the facility is operational. However, the
Government of Ghana should create a financial reserve for decommissioning so that financial
resources will be available for preparation and implementation of decommissioning activities.
Decommissioning planning if initiated well before plant shutdown will not only reduce the life cost of
the facility and improve the quality of the planning effort but also shorten the decommissioning
schedule. Decommissioning problem areas, such as waste characterization and waste handling and
disposal, will be identified and plans made for them so that surprises and delays will be minimized
after shutdown. A Safety Analysis Plan will be developed to assure proper consideration is given to
the anticipated hazards that will be encountered in the decommissioning. Since we don't have
experience in decommissioning, early planning will provide preliminary training and qualification
plans for decontamination workers to assure that the required quality and safety of the
decommissioning will be achieved.
Ghana does not have any experience in decommissioning of a nuclear facility nor the disposal of
nuclear waste. One of the challenges in the field of decommissioning is the need to gain public
acceptance. There is thus the need to have a well defined overall strategy and well prepared
decommissioning plan. This will involve conducting research to develop data, techniques and models
to assess public exposure from the release of radioactive materials resulting from site
decommissioning and subsequent disposal of radioactive materials. It will help the development of
clearance criteria for recycling and reuse of materials. This experience in public acceptance can be
borne out in development of a national waste repository for low and intermediate level waste.

CONCLUSION
Decommissioning is a reality that faces every nuclear facility. The major thrust of early planning for
decommissioning shall reduce unknowns in the decommissioning process, in the cost estimate and in
risks associated with decommissioning. Now is the time to begin the planning for the
decommissioning of all the nuclear facilities in Ghana, as decommissioning costs are large, often
exceeding the initial cost of construction. A thorough planning effort is the result when sufficient time
is allowed.

-80-

REFERENCES
[1] Akaho, E.T., Maaku, B.T., Qazi, M.K., "Comparsion for Some Measured and Calculated
Nuclear Parameters for Ghana Research Reactor-1 Core", J. Appl. Sci & Tech. , Vol.5, Nos
1&2, 2000, pp 25-31.
[2] Atomic Energy Commission Act, 2000 (Act 588), Government Printer, Assembly Press,
Accra, Ghana, 2000.
[3] Atomic Energy Commission, Act, 1963 (Act 204), Government Printing Department,
Accra, Ghana, 1963.
[4] Radiation Protection Instrument, LI 1559, Government Printing Department, Accra, Ghana,
1993.
[5] Nachmilner, L., Expert Mission Report on Establishment of Central Waste Processing and
Storage Facility in Ghana, Vienna, IAEA.

-81 -

CN-93[08]

DISMANTLING AND REHABILITATION PROGRAMME OF NUCLEAR AND
RADIOACTIVE FACILITIES AT THE SPANISH RESEARCH CENTRE
(CIEMAT)

J. L. Diaz Diaz, J. Lopez Jimenez

XA0202887

Department of Nuclear Fission
CIEMAT
Madrid, Spain
Abstract. Ciemat was gradually proceeding to the decommissioning of its more than 60 historical facilities. At
present, a general decommissioning programme has been established that includes, to a different extent, all
radioactive and nuclear facilities and their areas of influence, particularly those related to the front-end and backend of the nuclear fuel cycle, hot cells and three experimental reactors. The purpose of the programme is to
manage a model of a research centre integrating, on one side, a set of radioactive and conventional facilities and
laboratories, and, on the other, a small area temporarily classified as a nuclear facility dedicated to the
radioactive wastes management and providing an interim storage for materials under safeguards. The largest part
of the radioactive wastes produced will be sent to El Cabril, a near surface disposal facility for low and
intermediate level wastes, and the rest will be temporarily stored at Ciemat. This paper presents the main features
of the programme and the lessons learned in its execution so far.

INTRODUCTION
After fifty years of activity in this field, Ciemat, in line with other world-wide research centres, was
gradually proceeding to the decommissioning and rehabilitation of its more than 60 historical
facilities. The current six years (2000-2006) decommissioning programme, the so called Pimic Project
[1,2], includes the main nuclear and radioactive facilities of the centre related to the nuclear fuel cycle.
At present, these facilities are classified in three groups: facilities already decommissioned, in safe
shutdown for decommissioning and in operation.
The largest part of the radioactive wastes generated (393.000 kg) will be sent for final disposal to El
Cabril, a low and intermediate levels wastes disposal facility of Enresa, the national organization
responsible for the management of radioactive wastes in Spain. The rest (21.000 kg), that are not
allowed to be stored in El Cabril, because of their a content, will be temporarily put in storage at
Ciemat. Enresa and other companies with proven experience in dismantling are collaborating in the
programme.
At the end of the programme, Ciemat will be reclassified from its current radiological classification as
"a unique nuclear installation" to a centre formed by a small area classified as nuclear facility and a set
of independent radioactive installations. The regulated nuclear area will be temporarily used as
radioactive wastes management and an interim storage for materials under safeguards. The rest of the
buildings and grounds of the site will be decommissioned for unrestricted use. This paper presents the
main features of the Pimic project and the progress made so far.
HISTORICAL DEVELOPMENT OF THE CENTRE. PHASES OF ACTIVITY
Located at the University City of Madrid, the Centre for Energy, Environment and Technology
Research (Ciemat), former Junta de Energia Nuclear (JEN), was created in 1951 as a public research
organism with the objective of promoting the development and peaceful use of the nuclear energy in
Spain. In a surface of about 20 Ha, 71 buildings in a built-up area of 71.000 m2, Ciemat has 1.218
employees, 480 of them scientists and technicians and 738 auxiliary workers.
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Ciemat has been recently transferred to the new Ministry of Science and Technology, being the
Ministry of Economy trough the General Directorate for Energy Politic and Mines (DGPEYM), the
responsible for authorisations and licensing of nuclear and radioactive installations, once the
favourable report of the Spanish Regulatory Body (CSN). Since its foundation, Ciemat has known
several phases of development:
•

Period 1951-1984.
A total of 59 installations, 12 nuclear (NI) and 47 radioactive (RJ) were
constructed, covering most of the nuclear field. In 1980, after some grouping,
the whole centre was classified by DGPEYM as "unique nuclear facility",
formed by 14 NI and 38 RI.

•

Period 1985-1995.
During this period, 3 NI and 19 RI, mainly dedicated to the front-end of the fuel
cycle, were decommissioned and those facilities devoted to the back-end of
nuclear fuel cycle were shutdown. In 1992, a general dismantling plan was
initiated. In 1993, there were 6 NI in safe shutdown for decommissioning and
17 RI, in operation.

•

Period 1996-1999.
Decommissioning is progressing. The centre had 4 NI and 2 RI in dismantling
phase and 19 RI in operation, two of them were new facilities.

CURRENT SITUATION OF THE MAIN FACILITIES, BUILDINGS AND ITS
ZONES OF INFLUENCE
A map of Ciemat is shown in Fig. 1, where the position of buildings and the main installations is
indicated, together with the rehabilitation and dismantling zones, contaminated grounds and buried
tanks.
•

NI-01 Reactor JEN - 1:
JEN-1 was a typical MTR 3 MW mainly fuelled with 20 % enriched U-235. It was shutdown in
1984. From its 165 spent fuel elements, roughly 40 were reprocessed and the remainder sent
outside of the country. From 1997 to 2001, the facility was used to evaluate underwater metal
cutting, decontamination and melting techniques [3,4,5]. Present dismantling activities will cover:
the demolition of the reactor pool (concrete and metal surfaces, internals); the removal of all
radioactive components still stored in the reactor hall; cleanup systems; auxiliary equipment;
buried tanks (450 m3) and finally the ventilation stack. The reactor hall will be employed as an
auxiliary installation in support of the general decommissioning programme.

•

NI-03. Manufacturing plant of fuel elements for research reactors:
The facility consisted in a rectangular hall divided in three zones devoted to handle fissionable
materials and manufacture the typical MTR sandwich plates fuel elements. In 1989, all fuel
elements and components existing in the installation were evacuated. It remains for dismantling:
ventilation and drain systems, diverse components and machinery, like rigs, glove boxes, a bridge
crane, shielded packages, ovens, rolling mills, shearing machine, etc.
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•

NI-04. Metallurgical hot cells:
The hot cells were constructed in 1976. Different prototypes of fuel elements irradiated in JEN-1
and in Zorita Spanish NPP were analysed. Later, the facility was used for reactor material
analysis. In 1998, a first dismantling phase of the facility was completed. Presently, it is being
redesigned as a radioactive installation.

•

NI-07. Plant for storage of radioactive liquid wastes:
Built in the seventies, the NI-07 had stored the radioactive liquid wastes generated in the
reprocessing of the JEN-1 irradiated fuels. After 1990, the facility was shutdown. At present, there
is a residual volume of wastes of about 30 litre and a total activity of 1,5 Ci. Ventilation, auxiliary
systems and radiological survey remain activated.

•

RI-16. Conditioning of radioactive liquid wastes:
It was built in 1975 for handling and managing the low and intermediate liquid wastes produced in
Ciemat. hi 1993, the facility was shutdown and the existing liquid sent for final storage to El
Cabril. At present, only a remainder of 900 litre (65.000 MBq) of radioactive liquids remains in
the facility. After dismantling, the facility will be employed as an auxiliary installation.

•

RI-18. Reprocessing plant for MTR irradiated fuel:
Set up in 1967, the plant ran until 1971. It contains a hall of 350 m2, 6 m height, divided in three
modules. Dismantling work will cover: a hot cell, a chain of several glove boxes and two cells for
plutonium storage and radioactive liquid storage. At present, there are 145 litre (213.000 MBq) in
the installation. Auxiliary systems and radiological survey are in operation. In 1970, a
contamination incident affected a surface of 215 m2 around the facility. A fraction of leaked liquid
flowed to Manzanares and Tagus rivers. Crops from the affected areas were transported to Ciemat
for analysis and storage.

•

Old installations for treatment of uranium ores and concentration process:
Old facilities (Buildings 20, 21, 22 and 65) were dismantled in 1991. During the rehabilitation of
the buildings for conventional use (1998), some slowly contaminated surfaces with an estimated
volume of 36,4 m3 were identified. The decontamination of the buildings is being carried out. The
destination of wastes is not defined yet.

•

Contaminated grounds and buried tanks:
Two old disposal lands of wastes, originated from uranium ores processing, were in addition
contaminated by crops from RI-18 incident (1970); two other small surfaces have also been
identified. Furthermore, several buried tanks exist containing water, sludge, mineral ores, etc. An
amount of 247.000 kg of land, slowly contaminated, has been estimated; its destination or
restoration is not yet defined.

RADIOLOGICAL CHARACTERISATION OF THE CENTRE. EXPECTED
RADIONUCLIDES
During the period 1992 and 2001, more than 140 borings were practised. The radiological results can
be grouped as follows:
150 - 17.000
1-150
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Bq/g: Adjacent zone of RI-18
Bq/g: Crops from Manzanares bank river (RI-18 incident 1970)

0.1-1
< 0,1

Bq/g: Old disposal affected by uranium ores wastes
Bq/g: Rest of the centre.

At present, a systematic radiological study of the centre is just being made. For that, the site has been
divided in 27 zones. Analysis of each zone, including facilities and buildings, buried tanks and
grounds, is complemented by a historical review based on documents, files and interview of old
workers, when necessary. Furthermore, a new campaign of borings is engaged. It will provide a more
complete database estimating the type and amount of wastes to be handled in compliance with the
radiological clearance levels.
To define dismantling actuation and characterise the wastes generated, a special Unit has been created
with the collaboration of different laboratories of Ciemat. It is foreseen that a total of 3.200
radiological samples will be analysed. The expected radionuclides, type of emitter and nature of
wastes and samples are given in Table 1.

DECONTAMINATION AND DISMANTLING PLAN
Basically, two main lines of actuation are defined. They are centred in both, the complete dismantling
of the shutdown facilities and the rehabilitation of zones with residual contamination. For carrying out
that, the Rehabilitation and Dismantling subprojects have been organised [1,2]. Modernisation of the
centre conventional part is also considered. Auxiliary facilities as temporary areas for the produced
wastes conditioning will be also set up.
The general decommissioning project is being performed by Ciemat with close co-operation of Enresa.
A quality assurance programme including respective functions, responsibilities and interfaces has been
established, particularly in radiation protection and emergencies. Radiological protection of the
workers, the public and the environment is assured and a committee ad-hoc has been created to apply
the ALARA principle. The preparation of dismantling and waste management actions will be
optimised according to the safety regulations for the workers and the environment. The collaboration
of subcontracted companies is foreseen. A duration of 7 years from 2000 to 2006 and a budget of 43
Meuros are contemplated. The general schedule of activities is shown in Table 2.
The complete plan has been presented to the Spanish Regulatory Body for approval. Apart from
organization and quality assurance, it includes an estimation of the radioactive source term; types,
volume and generation rate of wastes and wastes management; together with their handling, treating,
conditioning, storing and disposing procedures. Committees have been created to inform periodically
Ciemat employees, the media and the public.

RADIOLOGICAL SURVEY OF THE WORKERS AND ENVIRONMENTAL
IMPACT STUDY
A safety and environmental study including possible accidents scenarios is being carried out. It is
based on the Ciemat radiological and environment survey network, hi this regard, a continuous
external and internal dosimetry survey of the about 20 persons directly related to the Pimic project is
made [6]. The radiation protection service restricts the collected dose for workers to 1 mSv/person x a
week. Along the total decommissioning programme, a total of 150 analyses for internal dosimetry
control were estimated. They include whole body counter, urine, faecal and nose smear method
analysis, in which the presence of radionuclides, like Cs, Co, I, U, Pu, Am, C-14, H-3 and Sr-90 will
be studied. Collective and individual dose received up to now are largely below of the admitted limits.
For radiological survey, there is a measurement system covering the Ciemat site, Madrid city and
surrounding region [7]. At Ciemat, it exists a local station and a set of 25 surface dosimeters. The
station is made for a continuous survey of atmospheric particles and gases. Along the year 2001, it
provided values of: <8,33 10"5 Bq/m3 for total a; 8,4 10"5 Bq/m3 for total p; < 2,16 10"2 Bq/m3 for
Tritium; the dosimeters provided a range or values of 0,34-4,72 mSv. In the area of Madrid a regular
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monitoring is made on water cleaning stations, air quality, surface water, sediment, soils, foods, plants
and biologic organisms, etc, particularly on the banks of the Manzanares and Jarama rivers. Not
significant values have been obtained in the last years. Natural background measured in Ciemat is
comprised in the interval of 1,0-1,6 mSv/year.

WASTE MANAGEMENT
Firstly, wastes arising from the Pimic project should be characterised in order to determine their
radioactive or conventional class, and secondly, their destination, either for definitive disposal in El
Cabril or interim storage at Ciemat. In fact, those wastes of low and intermediate level that are not
admitted in El Cabril will be temporarily stored at Ciemat.

Criteria for segregating waste
The limits for admission in El Cabril are given in Table 3. Moreover, the exemption levels for
radionuclides in solid material will be based on the IAEA recommendations for specific activity and
surface contamination [8]. An group of expert to define the radiological limits to be applied has been
created among CSN, Enresa and Ciemat.

Volume and destination of waste
Table 4 shows the type, amount, origin and destination of radioactive waste generated in both
rehabilitation and dismantling activities. Approximately, 414 tons of radioactive waste will be
generated; a major part of them, 393 tons, will be sent to El Cabril for final destination and the
remainder (21 tons) will be temporary stored at Ciemat. For this purpose, a limited zone of the centre
(Fig. 2) will be redesigned (Building 55). In addition to radioactive waste, exemptible and
conventional waste are expected; an estimation gives 155 tons for the former and 5.320 tons for the
latter. Furthermore, the management of radioactive material still existing in the centre, such as
radioactive sources, lightning rods, ionisation chamber of smoke detectors, minor amounts of uranium
and thorium, etc. is foreseen.

FINAL REMARKS
At present, most of requested documents (quality assurance procedures, safety and environment
studies, etc) and licensing ones have been submitted to the Spanish Authorities for approval. Also,
radiological characterisation of installations and zones has been finished (NIs-01-03 -04-07) or is
underway (RIs-13-16-18). Regarding decontamination activities, they are progressing adequately in
the Buildings 13, 20, 21, 26, 30, 31, 33, 36, 55 and 65 and in NI-03; being completed in NI-04. On the
other hand, dismantling actions are expected to begin in 2004 (Table 2), when the licensing
permissions are allowed. In conclusion, the Pimic project is progressing according the schedule. By
the end of it, most of the Ciemat radioactive source term will have been considerably reduced and the
decommissioning wastes evacuated outside the centre for final disposal, only a remainder will be
stored temporarily in Ciemat.
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ANNEX I-Tables 1-4
Table 1. Expected radionuclides
Facility and its
zone of
influence

Type of radionuclides and emitters

Cs-137 (p-y), Sr-90(p), Fe-55(X),
NI-01
Ni-63(P), Co-60(P-y), etc

Glove boxes, gutter, sewer
and drains, walls, floors,
surfaces, borings samples

Enriched
products

NI-04

U-235(ct-y), U-238(cc), Pu-239(a), Am- Equipment, surfaces,
241 (a-y) and other a emitters, Cs-13 7 (P- ventilation system (ducts,
filters), borings samples
y), Sr-90(p) and other fission products

NI-07

U-235(a-y), U-238( a), Pu-239(a),

RJ-16
RI-18
Buildings 20,21,65

(P-y) and decay

Steel, stainless steel, boral,
aluminium, lead, concrete,
graphite, water, liquid
effluent, sludge, resins, filters,
grounds, borings samples

NI-03

RI-13

uranium

Nature of waste and samples

Liquid, sludge, tanks, stainless,
pipes, rigs, prefilters, filters
Th-234(p-y),
Am-241(a-y),
Pa- glove boxes, surfaces, gutters
234m(Y), Cs-137(p-y), Sr-90(p), Co- Valves, lead, glass case,
60(y), H-3(p), C-14 (p) and other p ventilation systems, activation,
material, borings samples
emitters
Natural Uranium
,
products

(B-y)
VK
"

and

decay
,,
J „.
Pipes, earth

Contaminated
Natural uranium and decay products, Uranium ores wastes, earth
grounds and buried fission products
rubble, crops wastes
tanks

Table 2: PIMIC Project. General Schedule (Period 2000-2006)
Activity
A: MANAGEMENT & COORDINATION

2000 2001 2002 2003 2004 2005 2006

• Project documents
• Quality assurance procedures

——

• Radiological characterisation

B: REHABILITATION SUBPROJECT
• Decontamination of: Facilities RI-13;
RI-01B and Buildings 20, 21, 55, 65.
Decommissioning of: NI-03 and NI-04.

C: DISMANTLING SUBPROJECT
•

Safety and radiological impact studies

• Environmental study
•

Licensing

• Auxiliary Facilities built up:Buildings
55 and 11
Dismantling of: RI-16; NI-07; RI-18;
NI-01; and restoration of grounds.
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Table 3. Limit of admission for El Cabril

Level 1: Solid or solidified waste by means of incorporation or immobilisation in a solid matrix
characterised that fulfil sufficiently stability requirements with specific activity below the
values:
1,85 102Bq/g

Total a activity

Activity of individual P-y emitter with T >5 years (except H-3).... 1,85 104 Bq/g(*)
Total p-y activity of radionuclides with T>5 years
Activity of tritium

7,4 103Bq/g

7,4 104Bq/g
7,4 104Bq/g

Level 2: Solid or solidified wastes that fulfil rigorous stability requirements, with a specific
activity equal or grater than the above indicated values and below the values:
H-3

l,0.10 6 Bq/g

C-14

2,0.105Bq/g

Ni-59

6,3.0 4 Bq/g

Ni-63

l,2.10 7 Bq/g

Co-60

5,0.107Bq/g

Sr-90

9,1.104Bq/g

Nb-94

l,2.10 2 Bq/g

Tc-99

l,0.10 3 Bq/g

1-129

4,6. O'Bq/g

Cs-137

3,3.105Bq/g

Total a activity

3,7.103 Bq/g

* For those radionuclides with activity below Level 1 value Level 2 limits will apply
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Table 4:

Amount, type and destination of radioactive waste estimated from the main facilities and
buildings

NI-01

NI-03

NI-07

RI-16

RI-18
Total

Type of
material

B-ll

B-31

B-53

B-13

B18

(kg)

(kg)

(kg)

(kg)

(kg)

306.822

1.073

2.306

3.284

7.502

320.987

844

-

-

-

24

868

Graphite

9.813

-

-

-

-

9.813

Not ferric metal

4.093

-

-

-

-

4.093

41.150

1.702

3.717

2.793

6.579

55.941

659

-

-

-

6.478

7.137

-

-

30

900

145

1.075

Others

1.080

-

24

171

831

2.106

Secondary

2.148

-

6.495

1.338

1.594

11.575

Total

366.609

2.775

12.572

8.486

23.153

413.595

El Cabril

355.752

2.775

12.572

8.486

13.031

392.616

10.857

-

-

-

10.122

20.979

Concrete
Resins

Ferric metal
Lead
Liquids

Ciemat
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ANNEX II: Figures 1 & 2
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Figure 1 Decontamination and dismantling zones
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Figure 2 Future Ciemat nuclear facility at the end of decontamination and dismantling programme.
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CN-93[10]
DISMANTLING THE REACTOR VESSEL OF THE COMPACT SODIUM-COOLED
NUCLEAR REACTOR FACILITY (KNK) UNDER CONSIDERATION OF
RADIATION PROTECTION ASPECTS

W. Pfeifera, I. Hillebrancf, C. Dominkea, J. Benkertb

XA0202888

^orschungszentrum Karlsruhe, Germany
' Westinghouse Reactor
Mannheim, Germany.
INTRODUCTION
The Compact Sodium-cooled Nuclear Reactor Facility (KNK) was an experimental nuclear power
plant of 20 MW electric power erected on the premises of the Karlsruhe Research Center. The plant
was initially run as KNK I with a thermal core between 1971 and 1974 and then, between 1977 and
1991, with a fast core as the KNK II fast breeder plant.
The reactor core of KNK was arranged in an unpressurized, thin-walled reactor vessel roughly in the
middle of the containment (Fig. 1). Sodium was used as the coolant.

rx

Washing Plant
Primary System
Ancillary Building Reactor Building

Secondary System
Steem Generator
Building

Tertiary System
Machine Hall

Fig. 1 KNK systems and buildings
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The entire nuclear fuel and all movable core internals have already been disposed of. The sodium
coolant has been removed except for some residues clinging to inner surfaces and in inaccessible
locations. The tertiary systems (water-steam loop with the turbine) and the secondary sodium systems,
including the associated auxiliary systems and buildings, have been taken out and demolished,
respectively. The ventilation system, the electricity supply facilities, and the reactor entrance and exit
lock have been adapted to the requirements of the decommissioning steps to follow. The primary
system including the primary sodium dump tank, the fuel element store and the rotating reactor top
shield of the reactor vessel were dismantled. The work conducted so far has been based on eight
decommissioning permits.
All activated and/or contaminated materials are transferred to the Central Decontamination Operation
Department (HDB) of the Karlsruhe Research Center, which processes them under consideration of
the final disposal requirements, and stores them in interim storage.
Under the 9th Decommissioning Permit, the reactor vessel with its internals, the primary shield, and
the biological shield are to be dismantled. A European wide limited tendering procedure was first run
for these activities, and at last the contract was made with Westinghouse Reaktor Germany.
The difficulty involved especially in dismantling KNK, on the one hand, is posed by the residual
sodium in the plant. This determines the choice of techniques to be used in disassembly and, in
addition, the material must either be removed or converted by chemical means after component
disassembly, as components bearing sodium metal cannot be delivered to HDB or stored in a
repository.
Another difficulty is caused by the depth of activation by fast neutrons, as a result of which not only
the reactor vessel proper, but also the entire primary shield (60 cm of grey cast iron) and large parts of
the biological shield must be disassembled and disposed of under remote control.

PERMITS AND DEADLINES
Under the decommissioning concept, the plant is to be decommissioned completely to green field
conditions in ten steps, i.e. under the corresponding ten decommissioning permits. To this day, nine
decommissioning permits have been issued, the first one in 1993 and the most recent one, number
nine, in 2001.
The decommissioning and demolition activities covered by decommissioning permits 1 to 7 have been
completed. Under the 8th Decommissioning Permit, the components of the primary system and the
rotating reactor top shield are to be removed by June 2002.
The 9th Decommissioning Permit covering disassembly of the reactor vessel and the biological shield
was submitted in July 1999 and, with a final amendment, again in March 2000. The expert opinion
covering these activities has been available since December 2000, and the permit was issued in March
2001. The period between March 2001 and December 2002 has been reserved for planning and
preparing for the disassembly of the reactor vessel. From January 2003 on, the reactor vessel with its
internals is to be disassembled and disposed of, and from mid-2003 on, the primary shield and the
biological shield are to be disassembled and disposed of.
Under the 10th and last Decommissioning Permit, the remaining auxiliary systems (sodium washing
plant, ventilation plant, liquid effluent system, gaseous effluent system, etc.) are to be dismantled and
any buildings remaining are to be decontaminated, measured for clearance, and then demolished, if
necessary. Then the site is to be recultivated. The work is to be finished probably at the end of 2005.
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DISMANTLING THE REACTOR VESSELS
Initial Condition
After completion of the first eight decommissioning permits, the only remnants of the plant still in
existence are the reactor vessel with its internals installed in the primary shield and the biological
shield. These components are located in the middle of the containment in the reactor building (see Fig.
2). The reactor vessel is inerted with nitrogen and closed with a lid. Other installations still in place are
the ancillary plants building, the control room building, and a storage facility. The reactor building and
the ancillary plants building are part of the controlled area. They contain some systems important in
the decommissioning process, namely the ventilation system, the washing system for components
wetted with sodium, and the moderator store, which must be converted into a buffer store.
The residual sodium volume in the reactor vessel was estimated to amount to approximately 30 1. The
maximum Co-60 activation is on the order of 107 - 108 Bq/g; the maximum dose rate in the middle of
the vessel was measured in April 1997 to be 55 Sv/h.

r - Entrance
to
Ancillary
Buiidino

h Reactor
\ Vessel
Biological - " I
Shield
jj|

%j 293309

Fig. 2: Cross section through the KNK containment after completion of the 8th Decommissioning
Permit
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Demolition Concept
Before dismantling of the reactor vessel is begun, the gas room inside of the vessel is treated with a
wet gas. For this purpose, the nitrogen is added humidity with water so that any particulate sodium
deposits can be immobilized. Then the vessel is dried.

Flow Orifice *
Adjustment I

^ . y
£' -*<^

Reflector
Thermal
Shield
Thermal
Shock Liner
Internal Vessel
External Vessel
Thermal
{isolation
Grid Plates

Cladding Tube
Plate
Cladding Tube
-.Bundle

Fig. 3:

Reactor vessel with internals

The reactor vessel with its internals (Fig. 3) are to be disassembled within the existing shielding, i.e.
the biological shield, for radiological reasons. The internals of the reactor vessel are to be demolished
inside out. The internal vessel and the external vessel must be demolished from bottom to top because
they are suspended from an upper flange.
Because of the hazard of sodium fires, only mechanical cutting techniques, such as sawing, milling,
drilling, or cutting, may be used to dismantle the reactor vessel and its internals.
For the purpose of dismantling the reactor vessel within the existing shield, a shielding enclosure (Fig.
-96-

4) will be erected at the working level above the reactor vessel. The enclosure must have a shielding of
35 cm of steel required for radiological reasons and has to ensure separation from the containment in
terms of ventilation. It will be equipped with a handling cell, an intervention cell, a double-lid lock and
a transfer lock for building rubbish, and all the necessary auxiliary systems (lifting gear, rails, lead
glass windows, manipulators).
On the top of the enclosure a shielding bell will be positioned for transportation of the sodium wetted
components to the washing plant and the buffer store in the ancillary building. At the bottom of the
enclosure a container will be positioned under the double lid lock for transportation of the 200 1 drums
to the waste facilities at HDB. The shielding bell and the containers are also made of a shielding of 35
cm of steel.

0.011

M o n t a g e I uke

Fig. 4:

fuer

Hot cell enclosure

For the calculation of the shielding it was assumed that a piece of the reflector with maximum Co-60
activation of 3.1 E+7 Bq/g was placed in an unshielded 200 1 drum directly behind the shielding wall.
For this arrangement the dose rate in the distance of 50 cm of the wall is about 3 jaSv/h and in the
distance of 2 m about 1 |nSv/h. Because all other activation is smaller compared to the activation from
the reflector, the shielding of 35 cm is a conservative assumption.
To minimize the exposure dose and for saving dose the radioactive components will not be moved to
the HDB in larger sections. All cuts must be made so that the parts can be packaged in 150 I drums or
baskets. In disassembly, special attention must be paid to the cladding tube plate with the stellite
bushings and to the double-walled pipe joints cut out of the reactor vessel. The number of packages
produced is to be optimized in order to save cost of interim storage and final storage.
For cutting the components to the right dimensions, a manipulator is to be inserted into the reactor
vessel. It can be positioned in a variety of locations and will achieve self-bracing at the level of the
cutting position. The manipulator must be designed so that it can handle, by means of a carrier system,
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all tools needed to disassemble all internals and the vessel proper. The necessary support systems and
devices/auxiliary tools are to be harmonized and, as a consequence, minimized in number.
The table below provides data about the geometry, mass, and activity of components:

Component

Height

Thickness/

Mass

Max.
Co-60
activation on Jan.
1, 2001

diameter
(mm)

(mm)

(Mg)

(Bq/g)

Reflector

2310

70-170

11.8

3.1 E+7

Thermal shield

2310

80

7.8

4.8 E+6

Thermal shock liner

6500

12

3.8

4.2 E+6

Other internals

-

-

2.8

1.2 E+9

Internal vessel

10500

16

11.8

4.0 E+6

External vessel

9500

12

4.8

2.2 E+6

Total 42.8
As a rule, the activation was calculated on the basis of a cobalt content of the steel of 200 ppm.

HANDLING THE WASTE
By dismantling the reactor vessel, approximate 43 Mg of steel with a total Co-60 activity of
1.7 E+14 Bq are accrued. The packages to be used for nearly all metal components are 150 1 drums or,
for components wetted with sodium, the corresponding 150 1 baskets, which will be transported to the
washing plant in a shielding bell to be cleared of sodium. The 150 1 drums or baskets are packed into
200 1 drums through a double-lid system and placed in shielded casks for the transport to HDB. The
shielded casks for transport have the same calculation for shielding as the hot cell enclosure.
At HDB the 200 1 drums are unloaded from the cask, then opened and cemented with concrete. After
that they will be measured and declared in accordance with the final disposal requirements.
The drums will be stored unshielded in an intermediate level waste storage facility. After some decay
of cobalt and packaging the drums into special containers, it will fullfill the KONRAD repository
requirements.
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PLANNING FOR DECOMMISSIONING OF IGNALINA NUCLEAR POWER
PLANT UNIT-1

P. Poskas, R. Poskas, Rim. Zujus
XA0202889
Lithuanian Energy Institute
Breslaujos 3
LT-3035 Kaunas, Lithuania
Abstract. In accordance to Ignalina NPP Unit 1 Closure Law, the Government of Lithuania approved the
Ignalina NPP Unit 1 Decommissioning Program until 2005. For enforcement of this program, the plan of
measures for implementation of the program was prepared and approved by the Minister of Economy. The plan
consists of two parts, namely technical- environmental and social-economic. Technical-environmental measures
are mostly oriented to the safe management of spent nuclear fuel and operational radioactive waste stored at the
plant and preparation of licensing documents for Unit 1 decommissioning. Social-economic measures are
oriented to mitigate the negative social and economic impact on Lithuania, inhabitants of the region, and,
particularly, on the staff of Ignalina NPP by means of creating favorable conditions for a balanced social and
economic development of the region. In this paper analysis of planned radioactive waste management
technologies, licensing documents for decommissioning, other technical-environmental and also social-economic
measures is presented. Specific conditions in Lithuania important for defining the decommissioning strategy are
highlighted.

INTRODUCTION
There is only one nuclear power plant in Lithuania - the Ignalina NPP (INPP). It is situated in the
northeast of Lithuania near the borders of Latvia and Belarus, on the bank of the largest Lithuanian
body of water, Druksiai lake. The Ignalina NPP is a vital component in Lithuania's energy balance
because it is producing more than 70 % of the total electricity production in Lithuania. There are a
variety of reasons for this high percentage, but the main is a significantly lower production cost at the
present economical and technical circumstances in the Lithuanian power sector.
The INPP possesses two similar units of RBMK-1500 reactors. RBMK-1500 is the last and the most
advanced version of RBMK-type reactor design series (actually only two units were constructed).
Compared to the Chernobyl NPP reactors (RBMK-1000), the Ignalina RBMK-1500 reactor is more
powerful and is provided with an improved accident confinement system. The INPP reactors were
commissioned in December 1983 and August 1987 respectively. The original design lifetime is
projected to be 2010-2015. After the accident in Chernobyl, the safety systems were re-evaluated and
it was decided to decrease the maximum thermal power of the units from 4800 to 4200 MW. That
limits the maximum electric power to about 1250 MW per unit. There are no more nuclear facilities in
Lithuania.
On October 5, 1999 the Seimas (Parliament of Lithuania) approved the National Energy Strategy
where it is indicated that the first Unit of INPP will be shutdown before the year 2005, taking into
consideration substantial long-term financial assistance from the EU, G7 and other states as well as
international institutions. Regarding the second Unit, the conditions and precise date of closure shall
be decided upon the next National Energy Strategy in 2004, when more detailed information on the
work of Unit 2 is available.
On May 2, 2000 the Seimas adopted the Ignalina NPP Unit 1 Closure Law. This law indicates that:
Preparation for decommissioning must be planned in such way that it should be finished by 1
January 2005.
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The Governement, taking into account implementation of the Decommissioning Programme and
Decommissioning Plan, and future possibilities for financing from Lithuanian and international
support sources will define exact date of final shutdown.
The Government of Lithuania will prepare and approve a Decommissioning Program by 1
November 2000.
Following the Decommissioning Program, the Government of Lithuania will approve the Final
Decommissioning Plan for Unit 1 by 31 March 2002.

DECOMMISSIONING PROGRAMME FOR UNIT 1
In accordance with the Ignalina NPP Unit 1 Closure Law the Government of Lithuania, by its
Resolution No. 172 of 19 February 2001, approved the Ignalina NPP Unit 1 Decommissioning
Program until year 2005 [1]. For enforcement of this program, the plan of measures for
implementation of the program was prepared and approved by the Minister of Economy by his Order
No. 145 of 25 April 2001 [2]. The plan consists of two parts, namely technical- environmental and
social-economic measures. Technical-environmental part lists the legal, organizational, financial and
technical measures, which need to be in place to support the closure of Unit 1. The social-economic
part includes the preparation of laws and plans related to social and economic problems associated
with the closure of Unit 1. The Decommissioning Programme forms the basis, and gives the
milestones, for the preparation of the Unit 1 Decommissioning Plan.
To ensure the effective preparation for decommissioning of Unit 1, the Decommissioning Service
organization was established at INPP. To strengthen the capacities of this service the International
Support Unit was created as a part of this Decommissioning Service. An on-site Engineering
Decommissioning Project Management Unit (DPMU) was created that will adopt an integrated
approach to project management, engineering design, planning, procurement, safety and licensing
activities at the INPP site. The DPMU will assist the INPP management in the implementation of the
pre-decommissioning and decommissioning projects.
Technical-environmental measures (including legal, organizational and financial) are mostly oriented
to the safe management of spent nuclear fuel and operational radioactive waste stored at the plant and
the preparation of licensing documents for Unit 1 decommissioning. Some most important technical
measures are presented below.
Implementation of the Interim Spent Nuclear Fuel Storage Facility. The existing interim dry storage
facility (for 72 casks) has a capacity to store fuel from both Units up to the year 2004. As a part of the
preparation for the closure of the Ignalina NPP, fuel assemblies currently stored in the pools require
safe interim storage for a period of up to 100 years with adequate containment for heat decay prior to
final disposal. There is more than 6700 spent fuel assemblies that are stored in the reactor pool of Unit
1.
Modernisation of the Short-Lived Waste Management/Storage. The operational waste was never fully
characterised in line with international standards for long-term storage and disposal at Ignalina NPP.
The existing facilities for storage of short-lived solid waste at INPP were not designed for long-term
storage. There is a clear necessity to retrieve the waste from the existing facilities and to sort and repackage it, in order to reduce the potential environmental impact on the surrounding area. Because of
that modernisation of the existing handling system for short-lived, low and intermediate level solid
waste at INPP, including retrieval, characterisation, packaging and re-storage of stored waste is
necessary.
Implementation of the Waste Incineration Facility. There are currently 12,000 m3 of combustible
waste stored at the INPP site. It is estimated that by 2005 the volume will have increased to 15,000 m3
(filters, personnel protection clothing & plastics). The main goals of the project are to process
combustible waste and to reduce the overall volume of short-lived radioactive waste stored at the
INPP site, thus reducing the overall risk to the environment. The facility will also be used to treat
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combustible waste produced during the decommissioning phase.
Modernisation of the Long-Lived Waste Management/Storage. Long-lived waste (not heat generating)
without proper characterisation is currently dumped into concrete vaults for stored in the building for
short-lived waste. The current storage conditions for long-lived solid waste do not meet the Lithuanian
requirements and IAEA recommendations on such waste management. Special containers for the
interim storage of this type of waste are necessary. The goal of this project is the modernisation of the
existing waste management/storage system for long-lived radioactive waste at INPP and to ensure safe
retrieval, sorting and characterisation of accumulated long-lived radioactive waste in concrete vaults.
Construction of the cement solidification facility for spent ion exchange resins. The spent resins are
currently stored in concrete tanks. The remaining storage capacity is limited and Ignalina NPP has
initiated the project for immobilisation of ion exchange resins into a cement matrix. The German
company, Framatome ANP, is the winner of the tender for construction of the cementation facility and
also of the interim storage facility for these cemented waste.
Heat and Steam Plant Replacement. At present the INPP facilities and the town of Visaginas are
supplied with heat and steam from the district heating facility at INPP. A back-up system, dating from
1979, supplies heat and steam when the district heating system is under repair or in case of outages of
Units 1 and 2. The existing back-up system no longer meets applicable technical and safety standards.
A breakdown of the back-up system might result in the interruption of the supply to INPP of heat and
steam necessary for a number of processes, including waste management.
There are also other very important measures planned such as preparation of the radwaste management
strategy for Lithuania (already approved by Government), performance of the safety case for a single
unit operation at INPP, etc.
Social-economic measures are oriented to mitigate the negative social and economic impact on
Lithuania, inhabitants of the region, and, particularly, on the staff of Ignalina NPP by means of
creating favorable conditions for a balanced social and economic development of the region. They are
structured into organizational, legal, business development, employment and labor markets, social
policy, Ignalina NPP and the public relations measures.

FINAL DECOMMISSIONING PLAN
The Ignalina NPP Unit 1 Closure Law and Decommissioning Programme form the basis, and gives the
milestones, for the preparation of the Unit 1 Final Decommissioning Plan.
The Final Decommissioning Plan will be a document setting forth the actions for the final shutdown,
implementation of the decommissioning strategy, the decommissioning costs and the sources of
financing and safety implications and requirements. Requirements for the Final Decommissioning
Plan and Decommissioning Projects are indicated in the regulatory document [3]
In order to produce a decommissioning strategy in a final decommissioning plan, practical reality
requires that a preliminary decommissioning plan is prepared. This preliminary plan should identify
and evaluate strategy options that can be used as a basis in preparing the final decommissioning plan.
A Preliminary Decommissioning Plan (PDP), covering both Units of the INPP, was prepared by the
European Commission under the PHARE Project [4]. It contains a preliminary cost analysis of the
different strategy options. It was revealed that there is no big difference in cost (up to 15 %) between
different dismantling strategies.
The Immediate dismantling strategy is the most expensive in the short term, since the main work of
dismantling in the reactor area begins considerably earlier than in case of the other options. The
estimated cost for this strategy is 928.74 million Euro during 25-30 years. But the later dismantling
with maximum safe enclosure is the most expensive strategy of all and Entombment strategy is the
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cheapest one (duration more than 200 years).
The decommissioning process requires not only a long period of time but also a rather large number of
highly qualified personnel (up to 1000 - 2000 persons during more than 20 years). So the cost of the
decommissioning becomes very much dependent on the labour cost. The cost of 928.7 thousand Euro
is including the actual labour cost at the Ignalina NPP. But it is about 10 times smaller than the labour
cost in western countries. As it is indicated in [4] with labour cost of western countries and optimising
the number of staff, the decommissioning cost of the INPP would increase up to 3 000 million Euro.
Though it is very difficult to predict how the labour cost will change in time in Lithuania but it is
necessary to take this into account when comparing different decommissioning strategies
At the request of the Vice-Minister of Economy, the IAEA agreed to start a project in 2000 with the
objectives of providing technical advice and training in connection with the decommissioning of the
Ignalina NPP, and specifically reviewing the provisions and resources for the planned
decommissioning activities. One of the expected results was the recommendation of a strategy,
including technical aspects, for the decommissioning of Ignalina Unit 1 based on the Preliminary
Decommissioning Plan results.
Based on Preliminary Decommissioning Plan detailed analysis by IAEA experts group was performed
of such aspects as impact of cost, waste, social, regulatory, safety and technology on the reference
decommissioning strategy [5].
The summary statements from [5] for each mentioned aspect are presented below:
Based on the cost criteria, immediate dismantling is the best reference strategy, principally
because it gives a boundary to the cost and is more robust to uncertainty
Based on the PDP and other information collected during the mission, it can be concluded
that there is no significant impact of the waste arising and treatment on the proposed
selection of the strategy even including the graphite issue. Since there are no significant
benefits in reducing the amount or types of waste with deferred strategies, it can be
concluded that immediate dismantling is the recommended strategy based on the waste
issues.
In countries with a robust nuclear power program, social issues, although important, are
not generally critical decision criteria. Workers terminated from a shut down nuclear plant
can usually find employment at other nuclear power plant sites or in related industries.
However, because Lithuania with only one nuclear power plant containing two nuclear
reactors and the skills of nuclear workers are unique, shut down and decommissioning of
the INPP has significant national and local impacts. On the basis of the considerations, the
immediate dismantling strategy is preferred. It maximizes the use of existing personnel,
and takes advantage of technical expertise and language skills. Immediate dismantling
provides more jobs for more workers in the short term.
Based on regulatory issues, immediate dismantling is the best reference strategy. It
provides the most continuity between operations and decommissioning by allowing the use
of experienced plant and regulatory agency staff. Strategies that defer the
decommissioning will require the rehiring and retraining of both the plant and regulatory
agency staffs.
The safety of Unit 2 must be considered in the Unit 1 decommissioning strategy. In order
to ensure the safety of Unit 2 will not be affected by Unit 1 decommissioning activities,
and should Unit 2 continue to operate greater than five years after Unit 1 shutdown (the
time period assumed in the PHARE report), additional work and cost will be required in
order to ensure that the safety of Unit 2 will not be affected by Unit 1 decommissioning
activities. Continued Unit 2 operations can take place and does not have to affect the
overall strategy, but will require modification of the Unit 1 decommissioning schedule and
costs for all strategies.
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It has been shown that dismantling a power plant is feasible with current technology, in a
reliable, safe and economical way. There are no expected significant technological
advantages that would warrant delaying the dismantling.
The general conclusion was done in [5] that "Based on the information provided the expert team
through the numerous discussions with various Lithuanian organizations and the European
Commission PHARE report, the recommended decommissioning strategy for the Ignalina Nuclear
Power Plant Unit 1 is immediate dismantling".
Also it was stressed "an ongoing, iterative process that considers any other relevant inputs should be
performed to ensure that the reference strategy is still acceptable based on new information that may
become available or developed under the requirements of the Decommissioning Programme".
Currently, the Decommissioning Project Management Unit at Ignalina NPP is working on better
characterisation of the waste streams and updating of other input data for the decommissioning cost
and other process data estimation. This will allow having more relevant information for selection of a
decommissioning strategy at Ignalina NPP and preparation of the Final Decommissioning Plan.
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Abstract. The Armenian NPP consists of two WWER-440, model 270 pressurized water reactors. After an
earthquake in northern Armenia in December 1988 both units were shut down for safety reasons: Unit 1 in
February 1988, Unit 2 in March 1989, respectively. Unit 2 was restarted in November 1995 after a number of
safety upgrades. Unit 1 remains in a long-term shutdown mode. The design lifetime of Unit 2 expires in 2015.
Opportunity to shutdown earlier has been discussed in the last years. In particular a statement has been issued by
EC asking for an early shutdown of Unit 2 in exchange for the TACIS support in implementing the safety
upgrades in a short term. Currently the safety improvement program is being successfully implemented in the
framework of US DOE and TACIS assistance. At the moment the date of the permanent plant shutdown is not
specified.
As with many older reactors throughout the world, a decommissioning plan has not been developed for
Armenian NPP at the design stage. After shutdown of ANPP in 1988-1989 the radiological characterization
campaign at Unit 1 had been carried out.
Recently two studies in the decommissioning area have been performed for ANPP.
The first one has been carried out under the US DOE Assistance Program. The purpose of this study was to
identify and evaluate feasible decommissioning options for ANPP. Some critical issues related to the waste
management had been specified and the near-term activities within this project will be focused on issues of waste
characterization and information data base creation as an important prerequisite to manage waste safely. The
model used to calculate many of the decommissioning costs was NRC CECP reprogrammed for WWER NPPs.
The second study had been carried out in the framework of TACIS project "Assistance to Energy Strategic
Center". The purpose of the study was to select the best strategy to phase-out and decommission the ANPP and
evaluate conditions, implications and consequence of this decision. A suggested solution was a choice of
SAFSTOR as a viable decommissioning option.
Spent fuel management is not considered part of decommissioning; however it can strongly affect the
decommissioning strategy. Currently the spent nuclear fuel is being stored on site in pools and in a newly
constructed NUHOMS storage facility built by FRAMATOME under license of USA Transnuclear West
Company. The facility includes 11 horizontal storage modules (HSM). Each HSM has a capacity of 56 nonfailed fuel assemblies. A capacity of the existing dry storage facility is not sufficient to accommodate all spent
fuel generated during plant operation. However, the NUHOMS concept is modular and it is possible to increase
the storage capacity. The facility is designed for 50 years storage of spent nuclear fuel.
In any case, these studies should be considered as an informative basis only. Much more additional information
should be collected and the detailed characterization survey, i.e. the comprehensive engineering and radiological
survey, conducted to have sufficient data for all further planning activities.

INTRODUCTION
The decommissioning of NPP is a stage of NPP life cycle similar to design, construction, and
operation. At the end of the commercial life a power plant needs to be decommissioned and
demolished so that the site could be available for other uses.
Decommissioning of a NPP unit is technically complicated, multi-stage, protracted process requiring
thorough planning and regulation, the appropriate technological, material, financial support and the
qualified personnel as well.
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Over the past years considerable experience has been gained worldwide in decommissioning various
types of nuclear facilities. Thus the decommissioning can be considered as a problem that can be
managed safely. Proven techniques and equipment are also available to dismantle the nuclear
facilities. Many major decommissioning projects currently in progress or planned will contribute
substantially to the knowledge available. For the Armenian NPP (ANPP), especially valuable is
information provided in [1] related to approaches and experience gained in decommissioning of
WWER-440 plants.
It should be noted that the major problems associated with the decommissioning, in fact, are not
technological but rather political, economical and financial.
It is now accepted worldwide and recommended that decommissioning should be considered in the
design and operation phases of a plant operation [2].
As with many older reactors throughout the world, a decommissioning plan for ANPP has not been
developed at the design stage. So, it should be noted that the ANPP is now at the starting point of the
activities related to decommissioning. Recently two studies in the decommissioning area had been
performed for ANPP. The first one has been carried out in the framework of US DoE Assistance
Program. The second study had been carried out in the framework of EC TACIS project "Assistance
to Energy Strategy Center".

CURRENT STATUS OF THE DECOMMISSIONING ACTIVITIES
General information
ANPP is located in the western part of Ararat valley 28 km west of Yerevan, close to Metsamor
village. It consists of two WWER-440, model V270 (the seismic upgraded version of V230 model)
pressurized water reactor. As with all the WWER-440, each unit has six loops equipped with the main
isolation valves, one reactor coolant pump and one horizontal steam generator on each loop.
After an earthquake in northern Armenia in December 1988 both units were shutdown for safety
reasons: Unit 1 in February 1988, Unit 2 in March 1989, respectively. Unit 1 remains in a long-term
shutdown mode.
Unit 2 was restarted in November 1995 after a number of safety upgrades. After resumption of
operation more than 12 billion KWh electricity has been generated. At the moment about 35% of the
electricity generated in Armenia is generated at ANPP Unit 2. The design lifetime of Unit 2 expires in
2015. The possibility to shutdown earlier has been discussed in the last years. In particular a statement
has been issued by EC asking for an early shutdown of Unit 2 in exchange for the TACIS support in
implementing the safety upgrades in a short term. Currently the safety improvement program is being
successfully implemented in the framework of US DOE and TACIS assistance. At the moment the
date of the permanent plant shutdown is not specified. Depending on availability of the replacing
capacities the decommissioning ahead of schedule would be possible.
In November 1995 the ANPP Company had been established, 100% of shares are the state property.
The ANPP is under direct supervision of the Ministry of Energy.
In November 1993 the Armenian Government established the Armenian Nuclear Regulatory Authority
(ANRA) responsible for the state control on observance of regulations, rules and standards, as well as
for the professional expertise of key plant personnel.

Legislative and regulatory environment
The primary legal document regulating the use of nuclear energy in Republic of Armenia is the Law
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"The Safe Use of Nuclear Energy for Peaceful Purposes" (Law), which the National Assembly of the
Republic of Armenia (RA) passed in 1999. According to this Law decommissioning is identified as a
practice related to nuclear energy use. Under this Law all activities related to the use of nuclear
energy, including decommissioning, must be licensed.
The Armenian National Assembly has recently approved an addendum to the Law, according to which
the decision on constructing a new NPP or on decommissioning an NPP must be approved by the
National Assembly of RA.
According to an agreement signed between the Governments of Russian Federation (RF) and RA the
ANPP is being operated in compliance with the regulations, rules and technical standards of RF.
Based on these documents:
The plant operator, no later than five years before the expiration of the plant service life,
must develop the program for NPP unit decommissioning, which must be approved by the
regulatory body;
Decommissioning should be preceded by comprehensive engineering and a radiological
survey of the units;
On the basis of the results of the comprehensive radiological survey the decommissioning
project must be developed;
After permanent shutdown, the NPP unit, should be considered in operation until the spent
nuclear fuel removal. For this period all the operating requirements must be met as for the
operational unit.
Recently two basic regulatory documents had been issued:
"Safety Regulations for Decommissioning the NPP Unit" effective from 1 Sept. 2000
and
"Requirements to Content of Program for NPP Unit Decommissioning", effective from
1 Jan. 2001.
However, requirements for the content of all the documents to be presented to the regulatory body for
licensing purposes are not fully defined.
It should be noted that as decommissioning becomes more frequent, there is a trend in many countries
to develop the national regulations for decommissioning. Recently ANRA expressed an intention to
base its D&D requirements on U.S. Nuclear Regulatory Commission experience (taking into account
extensive decommissioning experience in the US) and asked for assistance within the US DoE
Assistance Program.
Specific areas of support include:
Development of the format and requirements for a decommissioning plan;
Development of financial assurance requirements for a decommissioning; and
Development of safety requirements for decommissioning
Provided that the assistance is rendered, the process of the development will last 2-2.5 years. Naturally
the decommissioning plan for ANPP must await development of the above requirements by ANRA.
Nevertheless at this stage, some preparatory activities could be carried out to have inputs to prepare
the decommissioning plan in future.

Plant Characterization
Plant characterization is the key starting point for all the decommissioning activities [3].
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An accurate characterization might allow proper design of the decommissioning activities, selection of
the technologies to be used, evaluation of the inventory of material that can be released from the site
and the inventory of waste to be disposed of and, finally, evaluation of the radiological risk connected
with dismantling activities.
Before restart of ANPP Unit 2, the radiological characterization campaign had been carried out at Unit
1. The results have been published in [4] and some of the results are given in [1,3]. This study
included:
Implementation of calculation methods to evaluate the induced activity level in the
reactor structures by using the ACTIVATION-1 code. It makes use of ANISN code,
DLC23/CASK library and decay data;
In-situ measurements of dose rates; and
Direct sampling and analysis
For example, the measured value of surface contamination in the primary circuit components was
6.26x 10I2Bq (of which about 6xlO12 Bq are in the steam generators). These data were obtained 16
months after the unit shutdown. Current level of activity (by 60Co) is estimated to be:
primary circuit: 10 - 2x103 Bq/cm2,
other equipment in controlled area — up to 2x102 Bq/cm2
Currently a database on radiation conditions of Unit 1 equipment, components and rooms is being
complied at ANPP. This activity is aimed at identification of the radionuclide contents and activities in
deposits of primary circuit equipment and components. This will allow an assessment of the scope of
decontamination activities and possible radiation exposure to personnel during decommissioning,
Such data base will allow to classify the equipment and components based on contamination level and
to optimize planning activities.

Decommissioning strategy selection
As it was noted, recently two studies had been performed related to ANPP decommissioning.
The first study was carried out under the US DoE Assistance Program. The purpose of the study was
to identify and evaluate feasible decommissioning alternatives for ANPP. Selection of the preferred
option was out of scope of the study. Three basic worldwide accepted strategies were considered:
DECON (immediate dismantling), ENTOMB and four SAFESTOR options, which differ in duration
of
the
decommissioning
stages:
SAFESTORI/DECON,
SAFESTORII/DECON,
SAFESTORI/ENTOMB and SAFESTOR II/ENTONB. The preliminary decommissioning cost
estimate for each option is provided below.
The second study had been carried out in the framework of EC TACIS project "Assistance to Energy
Strategic Center". The purpose of the study was to select the best strategy to phase-out and
decommission the ANPP and evaluate conditions, implications and consequences of this decision.
The most important criteria for choice of the decommissioning strategy [1,2] are as follows:
availability of complete legal and regulatory framework (material release/recycle,
requirements for waste and fuel disposal, etc);
availability of a storage facility/repository for the radioactive waste;
funds available for decommissioning;
need to reuse the site; and
political and social constraints.
In the study noted, the SAFSTOR strategy (about 45 years long) followed by dismantling was
suggested as a viable option for ANPP decommissioning. The choice was based on the following:
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SAFESTOR strategy minimizes the need of funding in the short term, and this seems to
be important for Armenian situation, due to lack of funds accumulated in the past to
finance the decommissioning activities. A mechanism to accumulate funds using levy on
KWh produced is, in principle, in place, but it never was really operative for many
reasons;
legal and regulatory framework could be established to allow a complete
decommissioning of the plant;
lack of suitable solutions for the radioactive waste disposal; and
lower dose rates at the plant and less radioactive waste to be processed.
Based on data provided in [1] almost all countries operating WWER NPPs (with the exception of
Loviisa NPP, Finland, and Greifswald NPP, Germany) have chosen the SAFESTOR strategy. The
decommissioning costs for this strategy are given below.

Waste Management
Waste management depends on the strategy selected, regulatory requirements and available
infrastructure. In any case the waste management system should be established based on
internationally accepted principles of the multi-barrier confinement with the barriers varying
according to type of waste: low-, intermediate or high level [5]. The following principles of waste
management should be accounted for in the strategy, including:
limiting quantity of produced waste;
reducing waste volume in solid form confining it in insoluble substance; and
temporary storage in isolated storage place before final disposal will be available.
In the framework of a SAFESTOR strategy, the goal of waste management is conditioning or proper
treatment of the operational waste, so that it would be possible to store it on-site during the SAFSTOR
period and transport it to final repository when it is available.
The waste can be classified in two groups: a) operational waste produced and to be produced until
final plant shutdown and b) decommissioning waste. No liquid waste is allowable on-site during
SAFSTOR, the solid waste also must be properly stored to avoid contamination spreading risk.
Operational waste to be treated is mainly the radioactive concentrates, contaminated oil, sludge, spent
ion-exchange resins and solid waste.
As far as the second category of waste is concerned, at the present the main concern is to evaluate
properly (as far as possible, based also on the experience gained and analysis carried out by other
WWER-440 plants) the amount of waste that will be produced during the decommissioning activity
for appropriate sizing of the storage area on site.
Much more important in the short term is the operational waste already present on site or that will be
produced up to final plant shutdown. Waste must be properly treated or conditioned and stored on-site.
One of critical issues of the waste management at ANPP was pointed out in the US DoE study.
ANPP has generated a significant quantity of radioactive waste throughout its operating life, and will
generate large additional volumes during further operation and decommissioning as well. The longterm interim storage/disposal of waste at the ANPP site requires generating and maintaining quality
records about characteristics and the isotope composition and concentration in the waste from
generation through interim storage and eventual final disposal. So, one of the important issues is
procurement and installation at ANPP the radioactive waste radioassay and tracking system. This task
is of high priority and will be implemented in near future under assistance of US DoE within
US/Armenian Joint ANPP D&D project.
The second task to be implemented within the same project, which will last 3-4 years (depending on
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available funding), is related to study of treatability of ANPP evaporator bottoms radioactive waste
(including the liquids in tanks and salt melts in sealed canisters), which include evaluation of the waste
processing alternatives after data is available on characteristics of the wastes to be processed. This
information will allow identifying the treatment options and evaluating them against a set of
established criteria (including final waste form requirements and cost).

Spent Fuel Management
Spent fuel management is not considered part of decommissioning, however, it can strongly affect the
decommissioning strategy and schedule/cost of decommissioning activities. So, the issue of the spent
nuclear fuel (SNF) strategy should be considered as an integral part of general policy for ANPP
decommissioning.
In the past SNF was sent for reprocessing in Russia without obligation of receiving back the generated
waste. After disintegration of the Soviet Union, the Russian Parliament has stopped the import of any
additional SNF for reprocessing from any other countries.
The SNF was continuously accumulated in both the spent fuel pools of Unit I and Unit 2 of the ANPP.
The inventory of SNF threatened the further operation of the plant. It had been decided to construct an
interim dry spent fuel storage facility at the ANPP site. NUHOMS type dry storage facility have been
built by Framatome under license of a US company, Vectra Technologies Inc., now Transnuclear
West Company. The entire reinforced concrete structure is approximately 18xl2x5m. The natural
circulation ensures cooling of the fuel. Minimum decay time for SNF before dry storage is 5 years.
The facility includes 11 horizontal storage modules (HSM). Each HSM has a capacity of 56 non-failed
fuel assemblies. A capacity of the existing dry storage facility is not sufficient to accommodate all
SNF generated up to now and that generated during future plant operation. However, the NUHOMS
concept is modular, and it is possible to increase the storage capacity. The facility is designed for 50
years storage period for SNF. It should be noted that the interim on-site dry storage option is
convenient option in conjunction with SAFSTOR strategy for decommissioning.
In any case, the dry storage facility is designed for the interim storage. It is difficult today to anticipate
exactly when the conditions for the final disposal of SNF will be available. Currently there is no
activity underway in Armenia to identify and qualify a site and built a national repository for any type
of radioactive waste, including SNF.

Decommissioning costs and funding
At the moment neither the Government of RA nor the operating organization have necessary funds
available for the ANPP decommissioning. Therefore, the problem of decommissioning financing
cannot be solved.
The total cost of decommissioning depends on the sequence and timing of the various
decommissioning stages. Deferred dismantling tends to reduce costs due to a decrease of the
radioactivity levels, but this may be offset by increased storage and surveillance cost.
Decommissioning costs in the US DoE Assistance Program study have been evaluated based on Cost
Estimating Computer Program (CECP), which was originally developed for the US NRC to estimate
the cost of decommissioning of US light water NPPs to the point of license termination. The CECP
uses a methodology based on unit cost factors.
To model the ANPP, the PWR version of CECP was reprogrammed to accommodate a 2-reactor, 12steam generator configuration.
The results of calculations for different ANPP decommissioning options by using CECP are as
follows: the lowest cost was for DECON($213M) and ENTOMB($ 166M) alternatives. The costs of
SAFSTOR/ENTOMB 1,11 options range from$225M to $304M, and those for SAFSTOR/DECON 1,11
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options range from $258M to S339M. These costs include D&D activities, radioactive waste
management, spent nuclear fuel management and demolition of the clean structures and buildings.
In the second TACIS study the costs have been estimated using the methodologies and techniques
developed by the German company NIS GmbH supported by CORA/CALCOM software, based on
STILLCO code. This is a room-based methodology was used to estimate the cost.
Cost estimate for the ANPP SAFSTOR strategy (two cases were evaluated: "reduced staff case and
"full staff case) ranges from 720MEURO to 950MEURO. These data seem to be too high compared
with those calculated in US study and presented [1] for other WWER NPPs. Discussion of possible
reasons is out of scope of this paper.

Social aspects
The decommissioning of an NPP is quite a complex activity not only as a technical challenge but more
often as a political and social problem. The Armenian NPP is an important source of employment in
the plant area, and a quick change in the plant organization may have negative consequences in social
terms. Consequently, the political and social problems have to be carefully considered in the
decommissioning management strategy.

Future tasks within US DoE support
Potential future tasks to be included in the Joint US/Armenian D&D project:
development of the decommissioning plan for ANPP (after development and approval of
D&D requirements by ANRA);
treatability study of other radioactive waste streams being produced (in particular ionexchange resins);
procurement/construction of the waste treatment plant; and
technical support for siting and development of a final radwaste disposal facility.

CONCLUSIONS
All the activities in the ANPP decommissioning area performed up to now should be considered on an
informative basis only. Much more information should be collected and a detailed characterization
campaign carried out to have sufficient data for all further planning activities.
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Abstract. HIFAR, a 10MW research reactor, has been in operation for the last 44 years. It is to be shut down in
early 2006 after a replacement reactor is commissioned. The preferred option for decommissioning HIFAR is to
remove the fuel immediately, followed by an extended period of care and maintenance. A decommissioning
team will be formed to develop strategies and prepare a decommissioning plan for regulatory approval. The plan
will comply with the regulatory licence conditions, be in accordance with the IAEA safety guides and will take
advantage of the lessons learned from the decommissioning of other reactors.

INTRODUCTION
The High Flux Australian Reactor (HIFAR), Figure 1, is a 10MW research reactor located south of
Sydney. HIFAR first achieved criticality in 1958. It is operated by the Australian Nuclear Science
and Technology Organization (ANSTO). ANSTO is currently building a replacement reactor at the
same site.

Figure 1: HIFAR
HIFAR is one of the six reactors of similar design that were built in the world. DIDO was the original
prototype for this class of reactors and Was constructed at Harwell near Oxford in the United Kingdom
in the early 1950s. Another reactor, PLUTO, with a slight variant in design, was constructed on the
same site shortly afterwards. HIFAR is a copy of DIDO. A copy of PLUTO, called DR-3 was
operated by the Danes at Ris0 (near Copenhagen). The FRJ-2 reactor, at Jtilich (near Aachen) in
Germany is a copy of DIDO.
There was another copy of PLUTO at Dounreay in the far north of Scotland. This reactor called
DMTR, has been shut down since the 1960s.
DIDO and PLUTO were shutdown in March 1990, and DR-3 in Ris0 ceased operation in April 2000
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and was permanently shutdown.
ANSTO is building a replacement reactor, Figure 2. It is expected to commence normal
operation in late 2005. Following a short period of concurrent operation with the replacement
reactor, HIFAR is scheduled for final shutdown.

Fig. 2 Replacement Reactor

DECOMMISSIONING OF HIFAR
ANSTO commissioned AEA Decommissioning and Radwaste to investigate the options for HIFAR
decommissioning and they produced a document [1], in 1992, detailing the options and costs of
decommissioning HIFAR.
The options described in the study were used as the basis of discussion submitted as Working Paper 3
Decommissioning of HIFAR, which was presented to the ANSTO Research Reactor Review in 1993.
The choice presented remains the preferred option today.

Decommissioning strategy
The basic decommissioning strategy was set out in the paper. ANSTO's basic approach to
decommissioning is to determine an appropriate course for about 30 years after final shut down.
The decommissioning plan must be economically acceptable and flexible. It should not try to preempt decisions that might be made beyond the present horizon of 30 years, but rather ensure as much
flexibility as possible, especially since the future is likely to bring technological developments in
decommissioning, changes in community attitude and/or changes in the projected use of the Lucas
Heights site. The plan should take full advantage of these factors on which such decisions would
eventually be based. ANSTO will strive to employ the best available technologies.

The preferred option
In considering the various options in its Research Reactor Review submission, ANSTO does not
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believe that there is a pressing need for the immediate restoration of the HIFAR location to a green
field site, as there is no urgent need to reuse the land. Consequently, the preferred approach is to
remove the fuel and coolant immediately after final shutdown. An extended period of surveillance,
care and maintenance (about thirty years) will follow a limited decontamination effort. Such an
approach takes advantage of the decay of long-lived radioisotopes.
The nominal 30-year period also fits well with the experience of the Danes in planning for DR-3
decommissioning. The Danes had considered decommissioning scenarios with decay times of 10, 25,
and 40 years for the assessment, and they concluded that there would not be much to gain by allowing
for the longer decay period; some operations will still need to be performed remotely [2].
Comprehensive details for the ultimate disposition of HIFAR would be developed during the 30-year
care and maintenance period.
During this time and beyond, plans are to convert HIFAR into a museum that is accessible to the
public. This has been done successfully for the Graphite Reactor in Oak Ridge National Laboratory in
Tennessee, USA. HIFAR, being the first research reactor built in Australia, is of scientific and
historical importance. It and the replacement pool-type reactor will provide an interesting contrast in
design and technology.

Immediate task ahead
Proper planning is the key to successful decommissioning and reduces undue risks to the workers, the
public and the environment.
Like other reactors built in that era, HIFAR did not originally have provisions for a formal
decommissioning plan. The regulator, the Australian Radiation Protection and Nuclear Safety Agency
(ARPANSA) has indicated that an overall decommissioning plan and a comprehensive safe enclosure
Decommissioning Plan, which would include cost and time schedules is needed to be completed at
least one year before HIFAR is shut down.
To ensure its proper implementation, a multi-discipline Decommissioning Team is to be set up to
develop the plan in detail.

HIFAR DECOMMISSIONING TEAM
The primary objective of the team is to develop and produce the Decommissioning Plan.
The team will be comprised of a team leader. Familiarity with HIFAR design is important for
members. Two staff members have some decommissioning experience and will be recruited. The
other members of the team will be made up of persons who are competent in:
Safety and licensing
Health physics
Radiation protection and decontamination
Waste management
Quality assurance
In addition, the team shall seek regular advice on the progress of the construction of the national waste
repository and its requirements in terms of classification of wastes, volume, handling, transfer and
transportation arrangements.
The team shall develop the Decommissioning Plan in compliance with regulatory requirements, follow
the IAEA safety guides and will take advantage of the experience gained by other organizations in
decommissioning reactors.
During the HIFAR major shutdown in 2004, the team will take the opportunity to conduct relevant
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inspections and surveys to facilitate decommissioning planning in subsequent years.

DECOMMISSIONING PLAN
Criteria for the development of the Decommissioning Plan
The license conditions for HIFAR describe comprehensively the requirements for decommissioning
[3]. The headings of the requirements are listed in Appendix A, for information. The
decommissioning plan will be developed in compliance with these requirements.
The IAEA have produced many safety guides for decommissioning. These publications will assist in
the derivation of and to complement national criteria, standards and practices. They will be closely
followed in the development of the plan. Some key issues1 specific to decommissioning that will be
taken into consideration include:
Responsibilities of the operating organization in charge of decommissioning
Regulatory framework: compliance with licence conditions, consultation with the regulatory
body in the development and implementation of the decommissioning plan.
Safety. Workers, the public and the environment should be properly protected from hazards
resulting from the decommissioning process.
Planning. Meticulous planning and proper implementation would minimise undue risks to or
radiological impact on workers, the public and the environment.
Considerations for radiation protection and environmental protection. Derivation of standards,
compliance with radiation protection requirement, and application of the principle of ALARA.
Waste. Control, minimisation of waste, interface with the national waste repository and waste
transport precaution and control.

Training
The Team will learn from the experience of decommissioning of other reactors especially that from
DIDO, PLUTO and DR-3. HIFAR has the advantage of following the decommissioning of three
similar reactors, and should take every opportunity to benefit from their experience. The bi-annual
DIDO Conference continues to provide a forum to share knowledge and experience among the DIDOtype reactor users. In addition, training for HIFAR personnel should include attendance of relevant
seminars and workshops, and site visits to DIDO, PLUTO and DR-3 to gain first hand knowledge of
the decommissioning process. Of note is the fact that two people at ANSTO have decommissioning
experience.

Regulator involvement
Experience from all around the world indicates that the involvement of the regulator at the early stage
facilitates the approval process. In HIFAR's case, as the planning for decommissioning is in parallel
with the construction and commissioning of the new reactor, the regulator's resources will be stretched
to deal with the tasks associated with these two projects. It is therefore prudent to consult and seek
advice from ARPANSA from an early stage in developing the plan.

Resources
Commissioning and operation of a new replacement reactor is an exciting time. The spotlight and
focus of the organization will be on the operation of the replacement reactor. Unfortunately this also
coincides with the final planning for HIFAR decommissioning. In order that appropriate importance
is placed on this project, a concerted effort should be made to ensure management control over

1
These key issues are addressed in full in IAEA Safety Guide No. WS-G-2.1 Decommissioning of Nuclear Power Plants and
Research Reactors.
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adequate resources and appropriate funding are provided, and implementation of the decommissioning
program are managed according to plan.

Major milestones
The following milestones must be achieved in order that sufficient lead time is available for the
preparation of decommissioning:
Initial Decommissioning Plan drafted
June 2002
Facts finding and training complete
June 2003
Final Decommissioning Plan complete December 2004

CONCLUSION
Planning is the key to success of a decommissioning program. The HIFAR decommissioning plan
will comply with regulatory licence conditions, and will be in accordance with the IAEA safety
guides. Personnel involved will be trained and take advantage of the experience and lessons learned
from decommissioning of other reactors (especially those of DIDO, PLUTO and DR-3). In the future,
ANSTO will strive to employ the best available technologies.
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ANNEX I
ARPANSA Licence Conditions, 4.1.2 Standard licence conditions related to decommissioning. The
headings of the requirements are listed as follows, for information:
EFFECTIVE CONTROL
1. Purpose
2. Decommissioning Organisation
3. Decommissioning Plan
4. Personnel Training
5. Personnel Authorisation
6. Personnel Fitness for Duty
7. Quality Assurance
SAFETY MANAGEMENT
8. Organizational Plans and Arrangements
9. Index of Documents
10. Safety Approval
11. Design Information
12. Safety Assessment
13. Review of Safety Assessment
14. Setting Relevant Limits and Conditions
15. Compliance with the Limits and Conditions
16. Amendment to the Limits and Conditions
17. Maintenance, Periodic Testing and Inspection
18. Inventory of Sources
ABNORMAL OCCURRENCES, INCIDENTS AND ACCIDENTS
19. Abnormal Occurrences, Incidents and Accidents
20. Reporting of Abnormal Occurrences, Incidents and Accidents
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RECORDS
21. Record Keeping Arrangements
22. Provision of Records to the CEO
REPORTING
23. Periodic Reporting to the CEO
24. Annual Reporting to the CEO
RELEVANT CHANGES TO APPROVED ARRANGEMENTS
25. Reporting of Changes
26. CEO Approval of Relevant Changes
RADIATION PROTECTION ARRANGEMENTS
27. Radiation Protection of Employees and Others
28. Radiation Protection Standards
29. Dose Limits
30. Dose Constraints
31. ALARA
RADIOACTIVE WASTE ARRANGEMENTS
32. Radioactive Waste Management Arrangements
33. Radioactive Waste Discharge Authorization
TRANSPORT ARRANGEMENTS
34. Off-site Transport of Controlled Material
35. On-site Transport of Controlled Material
SECURITY ARRANGEMENTS
36. Security Arrangements
37. Amendment of Security Arrangements
EMERGENCY ARRANGEMENTS
38. Emergency Arrangements
39. Arrangements for Accident Management
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INTRODUCTION
The term "Safe Enclosure" (SE) refers to the phases of the decommissioning process during which a
nuclear facility or parts of it is kept under surveillance, and maintained as considered appropriate from
the technical and safety points of view. The time period foreseen for Safe Enclosure is internationally
varying from 30 years to 100 years. A SE period of 70 years was considering for Kozloduy NPP, prior
to start the development of [1, 2].
After a detailed assessment of all factors which influence the SE duration, the decommissioning option
selected for KNPP units 1 and 2 (2 x 440 MWe, W E R - 230 type) is a deferred dismantling,
scheduled to begin 40 years after the Reactor Final Shutdown (RFS).
More precisely, this 40 year period consists of a 5 year safe enclosure (SE) preparatory phase after the
RFS followed by a 35 year SE operation phase.
The dismantling of the equipment included in the SE boundary is thus scheduled to start 40 years after
the RFS of units 1 and 2. The selection of this 40-year period is based on the following safety,
technological and economical considerations.

SAFETY CONSIDERATION
From the analysis performed in [1], it was concluded that for KNPP a SE time of 35 years is
recommendable due to:
remaining Co60 decayed;
a activities will not be influenced too much by prolonged storage; and
additional dose commitment and secondary waste production.
The radiological characterization of the equipment is performed via the LLWAA - DECOM code [3].
This software assesses, as a first step, the reactor coolant system (RCS) activity based on the design
characteristics (materials, surface areas, fuel cladding defects rate etc.) and operating conditions
(temperature, pH at operating temperature, corrosion rates, activation process, etc.). The specific
activities of the nuclear auxiliary systems (SVO1, SVO2, ....) are derived from those of the RCS,
taking into account the design characteristics (flow rates, presence of filters, ion exchange resins
(IERs), evaporators, etc.). As a second step, the RCS and nuclear auxiliary systems specific activities
are used to assess the deposited activities on the inner walls of the equipment and the corresponding
dose rates. The deposited activity levels are key elements of equipment characterisation, as they allow
defining whether or not decontamination is necessary to reach the free release clearance levels and
also to define the target value of the Decontamination Factor (DF).
The main equipment target values of the DFs needed to achieve the EC free release clearance levels
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are calculated according to formula (1) and (2). Therefore, the values of S( and S2 are direct
indications of the DF that must be achieved, so as to enable the free release (recycling) of the material.
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(2) where:
Cml(i)
r Cl(i)
Surface (deposited) activity of nuclide i at the time of the decommissioning is assumed
^ g p i a c e 40 years after the RFS and without decontamination (Bq/m2).

Lsi dec

t0

Csl{i)

EC nuclide i surface clearance level for metal recycling (Bq/m2) [4], [5].

Cmi dec

Mass activity of nuclide i at the time of the decommissioning is assumed to take place
40 y e a r s after the RFS and without decontamination (Bq/g).

Cml(i)

EC nuclide i mass clearance level for metal recycling (Bq/g) [4], [5],

In order to comply with the EC free release criteria for metals recycling, both Si and S2 must be< 1.
When Si and S2 are > 1, the DF target value corresponds to the highest value of S b S2. If Si > S2, the
DF must be > Si. If S2 > Si; the DF must be > S2. If both Si and S2 are < 1, no decontamination is
needed.
Concerning the mass contamination clearance levels, the values pertaining to "steel scrap" and
reported in table 7-2 of [4] were selected to calculate S2, as the contaminated equipment of the primary
and nuclear auxiliary systems are made of stainless steel.
Concerning the surface contamination clearance levels, table 7-1 of [4] mentions 2 sets of values (for
scrap processing and for direct reuse). Taking into account the conservative approach implemented in
[5] for the derivation of the surface clearance levels, the possible conservative assessment of the
KNPP a surface contamination and in order to avoid an undue cumulating of conservatism, the
clearance levels pertaining to the "direct reuse" have been selected to calculate Si.
The code also assesses the specific activity of the contaminated equipment (Bq/g) taking into account
the thickness of the wall onto which the activity is deposited, as well as the dose rate, taking into
account the distance from the inner wall at which the dosimeter is located.
With the exception of the reactor pressure vessel and reactor internals, the contamination of all the
equipment at KNPP is of surface type. The deposited radionuclides are fixed into the passivation layer
of the alloy (OX18H10T) over a depth up to lOu. and the base metal (or the bulk metal) is free of
contamination. The fictive bulk contamination of the materials is calculated assuming that the surfacic
contamination is homogenised in the corresponding metal mass, i.e.:
(3)

b.p
Cmi

nuclide i mass contamination (Bq/g)

Csi

nuclide i surface contamination (Bq/cm2)
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b

thickness of the equipment (cm)

P

specific gravity of the material (g/cm3)

For stainless steel alloy equipment (OX18H10T), p = 7.86g/cm3, the thickness of which is in the
range 1.0-1.5 mm (i.e. steam generators and heat exchangers tubes): b.p = 1, Csi (Bq/cm2) = Cmi
(Bq/g) and 5, =S2. For all equipment the thickness of which is > 1.5 mm (i.e., all the pipes and
collectors of the RCS, the pipes of the miscellaneous SVO systems etc.): b.p>\, Csi (Bq/cm2) >
Cmi (Bq/g) and Sx > S2. In this case the DF target value is given by Si.
Validation of the results is performed via a comparison of the measured and predicted deposited
activities of the main nuclides (Mn54, Co58, Co60) resulting from the decontamination operations, and
of the measured and predicted dose rate. Such a validation is partial as it only pertains to the main y
emitters.
In the case of the radiological characterisation of KNPP equipment, an important uncertainty exists
about the a activity of the RCS and, therefore about the a activity deposited on the equipment. The
target values of the DFs are often governed by the a contamination of the equipment. Waiting for
some measurements to confirm the actual values of the a contamination, a sensitivity calculation, with
2 different sets of DFs have been identified:
a first set of DFs - highest values obtained with an a contamination predicted by the LLWAA
code (base case);
a second set of DFs - lowest values obtained with an a contamination equal to 1/10 of that
predicted by the code (sensitivity case).
The study considers, as a conservative approach, the base case leading to the highest requested DFs.
The results show that:
The target value of the primary loops (Si) enabling to achieve the EC free release level
(assuming that after RFS no decontamination is performed) remains practically constant for a SE
period > 40 years. There is thus no benefit, in term of DF reduction, to extend the SE beyond 40
years. The same comment also applies to S2.
Forty years after the reactor final shut down, the y dose rate of the primary loops without
decontamination, drops below 3 oSv/h and becomes then negligible. From the health physics
and decommissioning standpoints, there is, thus, no benefit in extending the SE period beyond
40 years.
From the radiological standpoint, the contribution of Co60 and of other short half-life y emitters in the
deposits on the inner walls of the equipment has become totally negligible. The residual activity of
these deposits is governed by long half-life P and a emitters, the decay of which is practically not
affected by extending the duration of the SE by 2 - 3 decades beyond 40 years after the RFS.
From the waste production standpoint, the SE operation will lead to the production of 50 BBC (cubic
container dedicated for immobilisation of waste by concrete) after 35 years [2], equivalent of 400 m3
conditioned waste. The discharge of nuclides into the Danube is estimated to « 13MBq/year, i.e. about
0.3% of the operational limits of Units 1-2 (4.44xlO9 Bq/y). A longer SE period will lead to and
increase in the production of waste and of the cost.

-120-

TECHNOLOGICAL CONSIDERATION
During the SE operation, some systems and equipment will remain in operation to ensure the safe
conditions of the nuclear buildings such as: ventilation, radiation monitoring, fire protection etc.

Ventilation and radiation monitoring systems
Three separated ventilation zones are established during the SE operation, with different pressure
gradients, in order to avoid the uncontrolled spreading of airborne contamination in case of incident /
accident, and to route this contamination to the stack.
The normal operation ventilation regime will thus be adapted to meet the following requirements:
to maintain habitability conditions, i.e. t > 5°C and humidity above the dew point to
avoid condensation;
to maintain a negative pressure in the confined zone of the SE and to ensure a single
release point of the atmospheric releases via the stack, this latter being provided with a
radiation monitoring unit. The existing KALINA chain will be used to monitor the
atmospheric releases during the SE operation, taking the following modifications into
account:
o no noble gas (Kr and Xe isotopes) releases;
o no short half-life iodine nuclides (I131,1133) releases.
During the SE operation, only the filtered p-y aerosols releases are to be monitored from the
contaminated zones.
B-2 (exhaust air from the zone 1)
B-3 (exhaust air from the central part of the reactor Building - zone 2)
B1 -C (exhaust air from the auxiliary Building - CK-1 - zone 2).
Based on the shorter length of the SE (35 years) it is possible to use the systems as installed.

Fire detection and protection systems
During the SE operation, the fire detection and extinguishing systems will be kept in operation. Based
on the shorter length of the SE (35 years) it is possible to use the systems as installed.

Sewage water system
This system will be kept in operation for sump water collection. Based on the shorter length of the SE
(35 years) it is possible to use the system as it is installed with small modifications.

Electrical systems
Only the electrical power cables of the equipment needed for SE operation (and this shared between
double twin Units) and light will be kept in operation. Based on the shorter length of the SE (35 years)
it is possible to use the systems as installed.

Integrity of the civil engineering structures
For civil engineering structures (walls, pillars, roofs, and basements) a maintenance program will be
performed during the SE operation, in order to ensure the structural integrity of the structures forming
the boundary of the SE. However, this integrity cannot be warranted for periods exceeding 70 years
(i.e., 30 years of operation plus 40 years after the RFS).
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ECONOMICAL CONSIDERATION
The costs (on a 2001 value basis) associated with the operation and maintenance of the systems
mentioned above will be minimised if the duration of the SE is limited to 35 years. Longer SE periods
will lead to significative increases of these costs and may well imply the purchase of new equipment.
Similarly, the costs associated with the maintenance and repair of the civil engineering structures,
forming the boundary of the SE and ensuring the confinement capabilities will be minimised.

Operation of SE
The detailed cost assessment (on a 2001 value basis) of SE with duration of 35 years, performed in [2]
shows:
Manpower cost
Capital, equipment and materials
Total costs

2.52 MEURO
5.60 MEURO
8.12 MEURO

Waste management of SE
The total cost associated with the radioactive waste management during the SE period is given by (on
a 2001 value basis):
-

C6 = 3.36 x 106 + 400 X3 (EUR), where
o

3.36xlO 6 = costs of investment + consumables + manpower + manSv exposure (EUR)

o

400 X3 = final disposal costs (EUR)

For a final disposal cost (X3) of 5000 EUR/m3, the global cost associated to the radioactive waste
management during the whole duration of the SE operation (35 years) amounts to 5.36 x 103 MEUR
(for 2 units). From economical point of view there is not a reason to extend the SE period. Each
additional year reflect on the global cost of decommissioning.
The duration of SE time is also bounded to the possibilities to raise the needed funds for the
decommissioning.
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Abstract. Nearly 50 years have passed since the appearance of the first nuclear research reactors. Most of them
have completed their operating life and must be dismantled. But it is known that the dismantling of permanently
shut down nuclear reactors is a very complex process, full realization that it generates a lot of radioactive waste
(both solid and liquid), it is connected with high financial expenditures, and its solution is apparently beyond the
possibilities of many countries, including Georgia
In the given paper we consider a radiologically safe, ecologically clean and economically beneficial version of
the decommissioning of the IRT-M nuclear research reactor and the stages of its implementation that are not
connected with the dismantling of its highly radioactive technological components. We justify the possibility of
creating a new Low Power Nuclear Facility on the basis of the decommissioned IRT-M reactor to solve the
problems of applied nature in different fields of science and technology being very important for Georgia.

INTRODUCTION
The construction of the IRT-2000 reactor of the Institute of Physics, which has a thermal power of 2
MW, began early in 1957 and was completed in August 1959. Physical start-up of the reactor took
place in October 1959 and its regular operation began in 1960. The IRT-2000 type nuclear reactor,
designed in the Soviet Union, belongs to the group of light water pool-type reactors in which the light
water is used as a moderator and a reflector of neutrons and as a coolant and a part of the biological
shielding of the reactor. Nuclear reactors of this type were also built in Russia (Moscow, Tomsk,
Sverdlovsk), Belarus (Minsk) and Latvia (Riga). They were constructed in Bulgaria (1961), China
(1962), North Korea (1965) and Iraq (1967) [1,2] as well.
DESCRIPTION OF THE IRT-2000 REACTOR
The pool of the IRT-2000 reactor is a tank made of 6 mm thick aluminum alloy sheets surrounded by
1.8 m thick biological shielding of reinforced concrete which has different densities in different parts
of its construction. The height of the pool is 7.6 m, the length is 4.5 m, the width is 1.9 m and the
entire volume is about 60 m3. The following units of the reactor are located on the bottom of the pool
under a six-meter water layer: the reactor core, ejection pump and pipelines of the primary circuit for
cooling, loading and unloading devices, channels of control and emergency protection systems and 10
horizontal experimental channels of various diameters (100-150 mm), which border the core and serve
as outlets for the neutron beams to the experimental installations. The pool of the reactor is filled with
distilled water up to a height of 7.2 m and is covered with a lid of organic glass. The reactor is also
equipped with vertical experimental channels for the irradiation of samples in the vicinity and within
the core. At the full power of 2 MW, the maximum flux of thermal neutrons measured in the center of
the core was 2.5xlO13 n/cm2-sec, in the water reflector of the core it was 5xlO12 n/cm2-sec and at the
outlet of the horizontal experimental channels it was 5xl0 8 to lxlO9 n/cm2-sec.
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HISTORY OF OPERATION OF THE IRT-2000 REACTOR
In 1967-1968 the IRT-2000 reactor was subjected to the first large-scale reconstruction that was
connected with increasing the reactor power (about two times) and broadening the possibilities of
performing experiments mainly within the reactor core. The reconstructed reactor, named IRT-M (Mmodernized), operated reliably till 1973 mainly at a power of 4 MW.
In 1973-1975 the IRT-M reactor was subjected to the second large-scale reconstruction, the main aim
of which was to:
i. change the aluminum tank of the reactor to a tank of stainless steel (as the most
corrosion-resistant material);
ii. installation of a new internal tank equipment (the body of the reactor core, initial
parts of the horizontal experimental channels, ejection pump, hold-up tank, etc.),
which was also made of stainless steel; and
iii. further increase of the reactor power to 8 MW using new IRT-2M type fuel
assemblies, modernizing the cooling system with the use of new circulating
pumps of increased power, install new aluminum heat exchangers with increased
heat exchange surfaces.
From October 1975 onward the IRT-M reactor was operated at various power levels up to 8 MW, but
mainly at the power of 4 to 5 MW. The operation of the reactor with the new stainless steel tank and
internal tank equipment, made also of stainless steel, continued until the end of December 1987.
In January 1988 the USSR State Regulatory Body terminated the operation of the nuclear reactor in
order to take a number of measures to improve its safety. Among these measures the most important
was the program for a technical examination of the surfaces and welds of the reactor tank, the
horizontal experimental channels and the main elements of the reactor core. After necessary
preparation, the Interdepartmental Commission of the USSR, consisting of the specialists from the
leading scientific-research and design organizations, carried out the technical examination in
September 1988.
Taking into account the calculations made at Moscow Research and Development Institute of Power
Engineering based on the technical specifications of the Institute of Physics, the conclusion was that
the remaining recommended life-time for the operation of the reactor up to 5 MW power was not more
than 1.7 year.
During 27 years (1960-1987) of use, the nuclear reactor of the Institute of Physics was in operation
more than 70,000 hours and more than 6,000 MW-days heat energy was produced corresponding to
the consumption of 7.5 kg of Uranium"235. 20 1 fuel assemblies of various types were used, in which
the total content of Uranium"235 was about 30 kg. During 1984-1991, 196 spent fuel assemblies were
shipped to a Russian reprocessing plant and in April 1998 the remaining spent fuel assemblies (5
pieces) were removed and transported by USA to a reprocessing facility.
By March 1990, the IRT-M reactor was ready to resume regular operations. However taking into
account the limited life-time of the reactor (not more than 1.7 year), the availability of limited funding
for the further safe operation of the reactor, and the extremely negative attitude of a certain part of the
population of Georgia (especially after the Chernobyl NPP accident) demanding the immediate
shutdown of the reactor, the Presidium of the Georgian Academy of Sciences passed the resolution to
permanently shut down the reactor and to dismantle it.
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Fig.l. The reactor tank after concreting.
1. Concrete lower part (20m3); 2. The model of the new low power nuclear facility installed in the free
part of the reactor tank (intended for future); 3. Free part.

SELECTION OF THE VERSION OF THE DECOMMISSIONING OF IRT-M
REACTOR
In accordance with the resolution of the Presidium of the Georgian Academy of Sciences, the Institute
of Physics developed the program to permanently shut down the reactor and to decommission it. In
selecting a decommissioning option being optimal for Georgia, the following constraints and criteria
need to be taken into consideration:
i. there is no disposal facility in Georgia to accept the highly radioactive waste
generated during the reactor dismantling;
ii. there is no equipment or experienced staff to carry out full dismantling of the
reactor; and
iii. the dismantling costs are very high, while the allocated funds are limited.
Naturally, under the conditions of present-day Georgia the most advantageous and reasonable solution
is the conversion of the nuclear reactor into an intermediate state that does not require special control
and supervision, guarantees its radiation safety even in extreme situation and gives the possibility to
preserve its function. In our opinion, the version which fully satisfies these requirements is the
concreting of the highly radioactive lower part of the reactor tank (approximately 1/3 of its total
volume) and internal tank equipment and also the concreting of all highly radioactive waste being at
the reactor in the dry channels of the biological shielding and in the special underground storage area.
The total mass is about 6,000 kg with radioactivity ~2xlO13 Bq. In all these cases the dominant
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radionuclide is 60Co.
Summarizing the above, it follows that the option of the decommissioning of the IRT-M reactor
suggested by the Institute of Physics is:
i. radiologically safe, ecologically clean and seismically stable;
ii. comparatively less labor-consuming and feasible;
iii. not connected with the problem of formation of additional solid or liquid
highly radioactive waste, and hence, with the problem of their accumulation
and transportation; and
iv. not connected with large financial and material expenditures.
An intensive source of neutrons, for instance, a critical assembly or low power nuclear facility can be
designed in the rest of the tank (about 35 m3) (see Fig. 1). Based on such sources, a certain type of
investigation using Neutron Activation Analysis and Radionuclide Diagnostic can be organized to
solve the problems of the applied nature in different fields of science and technology. On the basis of
the low-power facility it is also possible to organize the training of specialists in the field of reactor
physics and atomic energetics.
This version of the decommissioning of the IRT-M reactor suggested by the Institute of Physics, was
discussed at an Advisory Group meeting organized by the International Atomic Energy Agency in
Vienna in 1998 and was included in IAEA- TECDOC-1124 [3] as a possible version of the
decommissioning of nuclear facilities.
In the frame of the IAEA TC project GEO/4/002 [4], in 1999-2000, taking the above-mentioned
strategy as basis, the Institute of Physics, with the assistance of the experts from IAEA, developed "A
Detailed Decommissioning Plan for the Redundant Nuclear Research Reactor IRT-M (DDP) ", which
was used for the development of the work program, laying down the order and sequence of all the
technological processes connected with the concreting of both, the lower high-radioactive part of
reactor tank and the high-radioactive waste located the in dry channels of the biological shielding of
the reactor, and in the underground storage under the conditions of environmental safety.

CONCLUSIONS
At present, the final stage of decommissioning the Redundant Nuclear Research Reactor (IRT-M) is
carried out in accordance with the IAEA TC project GEO/4/002, and at the same time, the calculations
of neutron-physical, heat-engineering and hydrodynamic parameters of the low-power nuclear facility
are made on the basis of computer programs developed in the USA in the frame of the Project G-409
of the International Science and Technology Center [5].
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Abstract. From 1966 to 1972, under an Atomic Energy Commission (AEC) license, Nuclear Fuel Services (NFS)
reprocessed 640 metric tons of spent fuel at its West Valley, New York, facility-, the only commercial spent fuel
reprocessing plant in the U.S. The facility shut down in 1972, for modifications to increase its seismic stability
and to expand its capacity. In 1976, without restarting the operation, NFS withdrew from the reprocessing
business and returned control of the facilities to the site owner, the New York State Energy Research and
Development Authority (NYSERDA). The reprocessing activities resulted in about 2.3 million liters (600,000
gallons) of liquid high-level waste (HLW) stored below ground in tanks, other radioactive wastes, and residual
radioactive contamination. The West Valley site was licensed by AEC, and then the U.S. Nuclear Regulatory
Commission (NRC), until 1981, when the license was suspended to execute the 1980 West Valley
Demonstration Project (WVDP) Act. The WVDP Act outlines the responsibilities of the U.S. Department of
Energy (DOE), NRC, and NYSERDA at the site, including the NRC's responsibility to develop
decommissioning criteria for the site. The Commission published the final policy statement on decommissioning
criteria for the WVDP at the West Valley site after considering comments from interested stakeholders. In that
regard, the Commission prescribed the License Termination Rule (LTR) criteria for the WVDP at the West
Valley site, reflecting the fact that the applicable decommissioning goal for the entire NRC-licensed site is
compliance with the requirements of the LTR. This paper will describe the history of the site, provide an update
of the status of the decommissioning of the site and an overview of the technical and policy issues facing Federal
and State regulators and other stakeholders as they strive to complete the remediation of the site.

HISTORY OF THE SITE
From 1966 to 1972, under an AEC license, NFS reprocessed 640 metric tons of spent fuel at its West
Valley, New York, facility, the only commercial spent fuel reprocessing plant in the U.S. The facility
shut down, in 1972, for modifications to increase its seismic stability and to expand its capacity, hi
1976, without restarting the operation, NFS withdrew from the reprocessing business and returned
control of the facilities to the site owner, NYSERDA. The reprocessing activities resulted in about 2.3
million liters (600,000 gallons) of liquid HLW stored below ground in tanks, other radioactive wastes,
and residual radioactive contamination. The West Valley site was licensed by AEC, and then NRC,
until 1981, when the license was suspended to execute, a Federal Act of Congress, the 1980 WVDP
Act, Pub. L. 96-368.' The WVDP Act authorized DOE to: (1) carry out a liquid-HLW management
demonstration project; (2) solidify, transport, and dispose of the HLW that exists at the site; (3)
dispose of low-level waste (LLW) and transuranic waste produced by the WVDP, in accordance with
applicable licensing requirements; and (4) decontaminate and decommission facilities used for the
WVDP, in accordance with requirements prescribed by NRC. NYSERDA is responsible for all site

1

The State of New York licenses a low-level waste disposal area at the West Valley site. Unless
otherwise indicated, the terms "West Valley site" or "site" used in this paper refers to the NRC-licensed
portions of the site.
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facilities and areas outside the scope of the WVDP Act. Although NRC suspended the license
covering the site until completion of the WVDP, NRC has certain authorities, under the WVDP Act,
that include prescribing decommissioning criteria for the tanks and other facilities in which the HLW
solidified under the project was stored, the facilities used in the solidification of the waste, and any
material and hardware used in connection with the WVDP. It should also be noted that DOE is not an
NRC licensee and DOE's decommissioning activities for the WVDP at the West Valley site are
conducted under the WVDP Act and not the Atomic Energy Act (AEA).

STATUS OF DECOMMISSIONING
The WVDP is currently removing HLW from underground tanks at the site, vitrifying that HLW, and
storing it onsite for eventual offsite disposal in a Federal repository. The vitrification operations are
nearing completion. In addition to the vitrified HLW, the WVDP operations have also produced LLW
and transuranic waste which, under the Act, must be disposed of in accordance with applicable
licensing requirements. Besides the HLW at the site, the spent fuel reprocessing and waste disposal
operations resulted in a full range of buried radioactive wastes and structural and environmental
contamination at the site.

OVERVIEW OF TECHNICAL AND POLICY ISSUES
In 1989, DOE and NYSERDA began to develop a joint Environmental Impact Statement (EIS) for
project completion and site closure, and to evaluate waste disposal and decommissioning alternatives.
Because the WVDP Act authorizes NRC to prescribe decommissioning criteria for the project, NRC
agreed to participate as a cooperating agency on the development of the EIS to aid NRC in its
determination on whether or not the preferred alternative satisfies the decommissioning criteria. The
draft EIS was published in 1996. Subsequently, DOE decided to de-scope this EIS into two separate
EISs to address: (1) Near-term decontamination and waste management at the WVDP; and (2)
decommissioning, long-term monitoring, and stewardship of the site.2 NRC will not be a Cooperating
Agency on the decontamination and waste management EIS because the Commission is not
prescribing criteria for decontamination activities considered in this EIS. As noted above, NRC will
be a Cooperating Agency on the EIS for decommissioning under the WVDP Act. The WVDP Act
does not address termination of the NRC license for the site, or portions thereof. Any such license
termination will be conducted (if license termination is possible and pursued) under the AEA of 1954,
as amended. If NYSERDA pursues either full or partial license termination of the NRC license, NRC
will need to conduct an environmental review to determine if an EIS is necessary to support license
termination.
After public review of the draft EIS, the WVDP convened the West Valley Citizen Task Force (CTF),
in early 1997, to obtain stakeholder input on the EIS. The CTF recommendations for the preferred
alternative in the EIS were completed in July 1998. In the latter half of 1997 (during the period that
the CTF was working on its recommendations), NRC's LTR was published (62 FR 39058; July 21,
1997).
On December 3, 1999, the Commission published (64 FR 67952) a draft policy statement on
decommissioning criteria for the WVDP at the West Valley site, for public comment. The final policy
statement was developed, after considering the public comments on the draft, and published (67 FR
5003) on February 1, 2002. The final policy statement recognizes that a flexible approach to
decommissioning is needed both to ensure that public health and safety and the environment are
protected, and to define a practical resolution to the challenges that are presented by the site. In that
regard, the Commission decided to prescribe the LTR criteria for the WVDP at the West Valley site,
reflecting the fact that the applicable decommissioning goal for the entire NRC-licensed site is
compliance with the requirements of the LTR. However, the Commission recognizes that health and

2

66 FR 16447 (March 26,2001).
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safety and cost-benefit considerations may justify the evaluation of alternatives that do not fully
comply with the LTR criteria. For example, the Commission would consider an exemption allowing
higher limits for doses on a failure of institutional control if it can be rigorously demonstrated that
protection of the public health and safety for future generations could be reasonably assured through
more robust engineered barriers and/or increased long-term monitoring and maintenance. The
Commission is prepared to provide flexibility to assure cleanup to the maximum extent technically and
economically feasible. It should be noted that the LTR does contain provisions for alternate criteria,
and subpart N of 10 CFR part 20 contains provisions for potential exemptions,3 with both alternatives
based on a site specific analysis which demonsfrates that public health and safety will be adequately
protected with reasonable assurance. If the NRC license cannot be terminated in a manner which
provides reasonable assurance of adequate protection of the public health and safety, then the
appropriate Commission action may be to require a long term or even a perpetual license for an
appropriate portion of the site until, if and when possible, an acceptable alternative is developed to
permit actual license termination.4
Based on the public comments received, the Commission revisited the issue of "incidental waste" at
West Valley in the Final Policy Statement. The Commission decided to issue incidental waste criteria
to clarify the status of and classify any residual wastes present after cleaning of the HLW tanks at
West Valley. Previously, the NRC provided advice to DOE concerning DOE's classification of certain
waste as incidental waste for clean-up of HLW storage tanks at both Hanford and Savannah River.
The Commission decided that the most recent advice provided to DOE for the classification of
incidental waste at Savannah River, with some additional modifications, provides the appropriate
criteria which should be applied to West Valley. Specifically, the Commission is providing the
following criteria for classification of the incidental waste (which will not be deemed to be HLW) at
West Valley: (1) the waste should be processed (or should be further processed) to remove key
radionuclides to the maximum extent that is technically and economically practical; and (2) the waste
should be managed, so that safety requirements comparable5 to the performance objectives in 10 CFR
part 61 subpart C, are satisfied. Consistent with the overall approach in applying the LTR to the
WVDP and to the entire NRC-licensed site following conclusion of the WVDP, the resulting
calculated dose from the incidental waste is to be integrated with all the other calculated doses from
the residual radioactive material at the NRC-licensed site to ensure that the LTR criteria are met. This
is appropriate because the Commission does not intend to establish separate dose standards for various

2

Exemptions to NRC regulations can be issued to NRC licensees if the Commission determines
that the exemption is authorized by law and would not result in undue hazard to life or property.
NYSERDA is the licensee for the West Valley site and DOE is acting as a surrogate for NYSERDA until
the NYSERDA license is reinstated at the end of the WVDP.
If a long term or perpetual license is necessary for any portion of the site, it is the Commission's
intent that this portion of the site will be decontaminated in the interim to the extent technically and/or
economically feasible. In addition, if a long-term or perpetual license is determined to be appropriate, the
NRC takes no position on which entity should be the long-term licensee as that decision, as well as
decisions regarding long term financial contributions, should be made pursuant to negotiations involving
DOE, New York, and possibly the U.S. Congress. Also, under the WVDP Act, the NRC is only addressing
the public health and safety aspects of decommissioning selected portions of the site. Other potential
issues between DOE and NYSERDA concerning the West Valley Site are not within NRC's authority to
resolve.
The dose methodology used in 10 CFR part 61 subpart C is different from that used in the newer
10 CFR part 20 subpart E. However, the resulting allowable doses are comparable and NRC expects
DOE to use the newer methodology in 10 CFR part 20 subpart E. Part 61 is based on Internationa]
Commission on Radiological Protection Publication 2 (ICRP 2) and part 20 is based on ICRP 26.
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sections of the NRC-licensed site.6
The decommissioning of the West Valley site is made more challenging by the involvement of
multiple Federal and State regulators. These regulators include the: NRC, U.S. Environmental
Protection Agency (EPA), New York State Department of Environmental Conservation, New York
State Department of Health, and New York State Department of Labor. A recent U.S. General
Accounting Office (GAO-01-314) report recommended that NRC and EPA, in coordination with New
York State, agree on how their different regulatory cleanup criteria should apply to the site. On
November 27, 2001, the involved regulatory agencies met to discuss applicable cleanup criteria and
regulatory roles and responsibilities for the West Valley site. In this meeting, the regulators agreed to
develop a communication plan that: 1) identifies applicable cleanup requirements and expectations of
the regulating agencies that need to be addressed in decommissioning the West Valley site, and 2)
describes the roles and responsibilities of these involved regulatory agencies. On March 27, 2002,
these agencies issued a Regulators Communication Plan7 that addresses these points. The Regulators
Communication Plan is designed to assist DOE and NYSERDA in developing a better understanding
of the applicable regulatory cleanup requirements and expectations that need to be considered in the
decommissioning of the West Valley site. The Regulators Communication Plan should also assist in
the scoping of issues that may need to be considered in the DOE-NYSERDA EIS for the
decommissioning of the WVDP.
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Applying the LTR, the total annual dose to an average member of the critical group for the site,
including the resulting does from the incidental waste, should be less than or equal to 25 mrem/yr TEDE.
The Commission is not establishing a separate dose standard for the incidental waste such that the
average member of the critical group potentially receive a dose of 25 mrem/yr TEDE from the rest of the
NRC-licensed site and 25 mrem/yr TEDE from the incidental waste.
7

Regulators Communication Plan on Application of Cleanup Requirements for Decommissioning
the West Valley Site.
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Abstract. The National Institute of Oncology and Radiobiology had a facility contaminated with 137Cs. The
contamination was produced by a leaking source stored in the place. First decontamination work was performed
in 1988. Some highly contaminated floor tiles and other contaminated items were removed. Spent sealed sources
stored in the facility were collected. The facility was closed because of the remaining contamination.
As the Regulatory Body allowed the unrestricted use of the facility, decontamination and decommissioning were
needed. D&D activities were requested to the CPHR. Contamination surveys conducted in 1999 confirmed the
extent of contamination with l37Cs. Items inside the contaminated area were carefully monitored and segregated.
Six Radium sources were recovered. Physical and chemical methods of decontamination were used. For different
reasons, the requirements established by the Regulatory Authority for decommissioning could not be achieved,
and therefore the facility could not be released from regulatory control. A Radiological Status Report was done
explaining the high cost of decontamination according to the established clearance levels. New alternatives were
then proposed for decommissioning of this facility.

INTRODUCTION
The National Institute of Oncology and Radiobiology was one of the first institutions in Cuba that
applied ionizing radiation in medicine. At the beginning of the eighties a centralized storage facility
for radioactive waste did not exist in the country. A room in the Institute was used as a storage facility
for spent sealed sources from nuclear application in medicine and industry. This room was located in a
facility that was firstly originally for brachytherapy service. It had PVC wells for storing sealed
sources. One or more 137Cs sources stored in this area were leaking which caused radioactive
contamination.
During the initial decontamination work the PVC pipes used as wells and some highly contaminated
floor tiles were removed. The spent sealed sources were collected from the Institute. The facility was
closed because of the remaining contamination.
hi 1997 the radiological situation in the contaminated areas was evaluated, confirming the extent of
contamination with 137Cs. The Institute applied for a License for Decommissioning. The Regulatory
Body established the following requirement for the clearance of the facility:
The residual ingrained surface contamination should be fixed
Surface contamination: 0.4 Bq/cm2
Dose rate at 1 m of any surface: 1 juSv/h
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INITIAL RADIOLOGICAL CHARACTERIZATION OF CONTAMINATED AREAS
Contaminated areas are located in Section A of the Institute (Fig.l). There are 8 rooms. Room number
3 was the one used for storage of spent sealed source.

FIG. 1. Contaminated areas.
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For radiological characterization the dose rate at the surface and at 1 meter was measured. The highest
values were detected in room number 3, where the radiation levels at the surface of the floor and in the
wall were around 1 mSv/h. Wipe test was used to evaluate surface contamination. Non fixed
radioactive contamination was detected throughout the area.
Radiation levels in two specific hot spots outside were 0.3 and 0.8 mSv/h. Two Radium sources were
found in the garden. After the sources were recovered a detailed radiological characterization in the
garden was performed. Radioactive contamination was found. In some points of the surface the dose
rate was 6 uSv/h. Ground samples were taken and analyzed in a gamma spectrometer. The specific
activities of the samples varied between 1000 and 5500 Bq/kg.

MECHANICAL AND PHYSICAL METHODS FOR DECONTAMINATION
Rooms 7 and 8 had the lower levels of contamination and they were located at the entrance of the
contaminated area (fig. 1). These rooms were decontaminated and covered with plastic sheets. Room 7
was then used as control zone. Metal drums for collection of radioactive waste were put in room 8.
There were wood pieces and scraps inside the contaminated area (rooms 1 to 6). These items were
carefully monitored and segregated. They were collected in plastic bags. The dose rates at the surface
of the bags were between 10 and 580 p.Sv/h. They were collected as non compactible solid radioactive
waste. Decontamination activities continued in the rooms 1-6 using mechanical and physical methods.
Room 1: A vacuum cleaner was used to remove contaminated powder. As non-fixed contamination
remained in the floor and walls, wet cleaning with detergent solution was needed throughout the area.
After the removable contamination had been eliminated, the floor was covered with plastic sheets and
the control zone was moved to room 1.
Room 2: A vacuum cleaner was used to remove contaminated powder. Walls, ceiling and floor were
then cleaned with detergent solution. Non fixed contamination was eliminated in the walls and ceiling
but not on the floor. A detailed radiological characterization was done on the floor, the dose rate was
measured in every tile. The results are shown in fig. 2. The tiles with high dose rate (> 500 uSv/h)
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were removed. They were collected in plastic bags as non-compactible solid waste. Other tiles had
such a rough surface that non-fixed contamination remained on them.
After the tiles were removed the floor was monitored again. The maximum dose rate was then 196
uSv/h. The stuffing below the removed tiles was also contaminated and the dose rate at the surface
was around 180 (j.Sv/h..
FIG.2. Dose rate at the surface of the floor in the room 2.
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Rooms 5 and 6: A vacuum cleaner was used to remove contaminated powder. Walls, ceiling and floor
were cleaned with detergent solution until non-fixed contamination was eliminated in all the area. The
dose rate at the surface of the floor was measured. The dose rate at 1 m in the room 6 was less than
1 u-Sv/h. The results for room 5 are shown in fig. 3.
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FIG. 3. Dose rate at the surface of the floor in room 5.
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The tiles with high dose rate (> 500 uSv/h) were removed. Consequently, the maximum dose rate
decreased to 28 uSv/h.
Room 4: Contaminated powder was removed with the vacuum cleaner. Non fixed contamination was
eliminated in walls, ceiling and floor using wet cleaning with detergent solution. The dose rates at the
surface of the floor were lower in this room, less than 8 uSv/h. There was a table and a sink, the dose
rates on their surfaces were between 1.2 and 5 jxSv/h.
Room 3: This room showed the highest levels of contamination and dose rate. Four radium sources
were recovered from the wells. In order to avoid the spread of contamination, the contaminated
powder was first removed with a vacuum cleaner. The dose rate was then measured on the floor. The
results are shown in fig. 4.
FIG.4. Dose rate at the surface of the floor in the room 3.
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The wells were full of scraps, which were collected in plastic bags. These bags were carefully
monitored in the control zone. The scraps were highly contaminated, so they were collected as non
compactible solid waste.
The levels of non-fixed contamination were significantly reduced after the wet cleaning. Highly
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contaminated tiles (> 300 jiSv/h) were removed, as well as some stuffing below. Part of the wall in the
well was demolished. All the debris was collected in plastic bags. The dose rate at 1 m on the floor
decreased from 125 uSv/h to 25 u.Sv/h. The radiation levels at the surface were between 40 and 220
jj.Sv/h. Despite the numerous wet cleaning inside the well, non fixed contamination remained in them.
The stuffing below the removed tiles was also contaminated.

CHEMICAL METHODS FOR DECONTAMINATION
Caesium-137 is used as a chemical compound in sealed radiation sources [1]. Caesium-137 chloride is
the most common form used. This compound is leachable by water and aqueous solutions or layers, hi
the contaminated areas Cs+ ions were absorbed by the floor tiles and soil below and by the concrete, as
they contain silicates.
It is known that Cs+ ions can be removed from cements floors and walls by hexacyanoferrate ions
(Prussian Blue) and by K-alum solutions acidified with HC1 (K-A1-HC1) [2]. These solutions were
prepared:
K3Fe(CN)6, 0.5 % solution acidified with HC1 1%.
(KC1 + A1C13) 20 % solution acidified with HC1 1 %.
They were sprayed on the floor of room 5 with high radiation levels, where non-fixed contamination
had been totally removed. After 10 minutes the wipe test confirmed the presence of 137Cs on the
surface of the floor. The test was performed several times in two hot spots in the rooms 2 and 5.
Chemical and mechanical methods were combined, brushes and polishing materials were applied on
the surfaces. The liquids were recovered and measured. The caesium had been removed from the
surface of the floor but the dose rate did not decrease. Although Prussian Blue and K-alum solutions
had demonstrated being effective in decontamination processes [2], the tests carried out in the
contaminated areas of the Oncology Institute gave evidence that these solutions would not be effective
for the decontamination of the floor. For a long time this area was contaminated, caesium ions were
absorbed in a wide layer of the floor and even reached the stuffing.

RADIOLOGICAL EVALUATION AFTER DECONTAMINATION ACTIVITIES
AND RADIOACTIVE WASTE PRODUCED
Because of the high levels of contamination in the area and the requirements established by the
Regulatory Body for clearance (surface contamination - 0.4 Bq/cm2 and dose rate at 1 m - 1 uSv/h), the
decommissioning of the facility would be extremely expensive. The cost would be mainly related to
the management of large amounts of generated radioactive waste. For these reasons it was decided not
to continue decontamination activities. A detailed radiological evaluation was performed in all the
areas, the dose rate at 1 m on the floor was measured and the non-fixed contamination was evaluated
using the wipe test. The results are shown in tables 1 and 2. The entire surface of the floor was covered
with plastic sheets to avoid the spread of radioactive contamination.
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Table 1. Dose rates in the rooms
Room
1

Dose rate at 1 m of the
floor, uSv/h
3

2

Table 2. Remained non-fixed contamination
Room

Place
well

Non fixed contamination,
Bq/cm2
5.0

10-30

well

13.6

3

15

well

56.6

4

0.8

well

11.3

5

1.6

well

6.8

6

0.2

floor

1.3

7

1

floor

3.0

floor

2.2

3

2
8

0.6

Solid waste as generated in decontamination activities:
Non radioactive solid waste: 300 dm3
Compactible solid radioactive waste: 200 dm3
Non compactible solid radioactive waste: 600 dm3
During decontamination, radiation monitoring of workers was carried out. All the measures required
for individual protection were considered.

RECOMMENDATIONS FOR DECOMMISSIONING OF THE FACILITY
New alternatives for decommissioning were proposed to the National Institute of Oncology and
Radiobiology. The Institution should select the most convenient alternative and present it to the
Regulatory Body for evaluation and authorization. They were:
(a)

(b)

(c)

To continue decontamination activities until the requirement established in the License for
Decommissioning had been reached and the facility could be released from regulatory
control. The estimated volume of generated radioactive waste would be 50 m3.
To maintain the same contamination levels in the area but to cover the whole floor with a
water-proof material (like epoxy paints). An appropriate shielding would then be applied on
the floor until the dose rate at 1 meter of the surface was 1 uSv/h. Concrete and lead shielding
should be used.
To propose to the Regulatory Body to change the requirements for clearance in the
Decommissioning Lisence and to evaluate the radiological consequences for individuals if the
remained contamination in the facility, in terms of surface contamination, would be 40
Bq/cm2.
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Abstract. The main objective of this study, promoted by ANPA, the Italian Nuclear Regulatory Body, carried
out with ANSALDO and in close co-operation with SOGIN, was to define a methodology for the evaluation of
the inventory of the amount of radioactive waste produced during the NPPs decommissioning activities, in terms
of both volume and radioactivity content, and estimate the solid materials suitable for release from the regulatory
control. The simulation code RainMan, developed within this project, allows, according to a selected scenario,
for the evaluation of the solid materials that could be cleared and the volumes of the L-MLW that should be sent
to a disposal facility.

INTRODUCTION
The evaluation and classification of solid materials produced in the dismantling of a Nuclear Power
Plant depends on different parameters.
With the aim to develop a standardised methodology for such evaluations, ANPA, the Italian Nuclear
Regulatory Body, promoted a co-operation study with ANSALDO. The collaboration of SOGIN,
responsible for the decommissioning of the 4 Italian NPPs was of great importance.
The main objective of the study was to define a methodology for the evaluation, with an acceptable
accuracy and reliability, of the inventory of the amount of radioactive waste produced during the NPPs
decommissioning activities, in terms of both volume and radioactivity content. Another objective was
the estimation of the solid materials that could be released from the regulatory control.
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INPUT DATA
The study concerned the 4 NPPs that operated in Italy, namely:

Installed
gross EP
NPP

* Date of Start Up
Shut Down

Type
[MWe]

First
criticality

Commercial
, Operation-

Caorso

BWR

882

31/12/1977

28/11/1981

24/10/1986

Garigliano

BWR

160

05/06/1963

01/01/1964

08/08/1978

Latina

GCR

160

27/12/1962

01/01/1964

26/11/1986

Trino

PWR

257

21/06/1964

01/01/1965

21/03/1987

A data base was developed, containing the available inventory of systems, components and materials
present in the controlled area1 for each of these NPPs. The components and materials have been
subdivided in different groups with its associated radioactivity contents (activation and/or
contamination).

IDENTIFICATION OF THE MOST SUITABLE TREATMENT AND
CONDITIONING PROCESSES
The study has been developed considering mature and well referenced experiences in treatment and
conditioning processes as well as the most advanced technologies in the decontamination field, with
the intent of evaluating both the volume of final waste to be stored in a final repository and the volume
of materials which can be cleared. The following processes have been considered.

D econtamination
It is used to decrease the material residual contamination for twofold beneficial aspects, the reduction
of the personnel exposure during the decommissioning activities (on-line decontamination) and the
increase of the amount of materials whose residual activity will be lower than the release limit
(decontamination of materials resulting from the dismantling activities in the frame of the
decommissioning). Within the second type of decontamination it is useful to mention the
decontamination of concrete structures by means of washing and even by mechanical removal of
surface layers where most of the contamination resides.

1

The inventory is being updated as far as the contamination of plant systems, components and structures is
concerned.
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Incineration
It is a thermal process, applicable to the waste belonging to the category of combustible waste, which
typically guarantees a rather high volume reduction factor. Sometimes, the incinerator feed may
contain non combustible waste (e. g. contaminated liquid, slurry waste, small metallic objects, etc.)
that, if present in limited amount, will not affect the result of the process.
The incineration process produces a waste residue in different forms: it may be ash (to be further
conditioned in a stable matrix like cement), glass beads, glass matrix depending on the type of
incinerator used.

Supercompaction
Typically, the supercompaction is used to treat dry active waste (DAW) consisting of easily
compactable material like gloves, suits, plastic, overshoes, etc.. Moreover, metallic scrap with low
bulk density (e.g. cable trays, heat exchanger tubes, etc.), which is not profitable to be decontaminated,
may be treated, as well.
The supercompactor feed is waste packaged in drums that are volume reduced by means of a press
capable of very high compression strength, the product is a puck. A number of pucks are loaded into
an overpack in order to produce a package suitable for the final storage.

Smelting with induction furnace
It is a thermal process used for the volume reduction of non-combustible waste like metallic scraps,
mainly obtained by the decommissioning activities, characterised by superficial contamination.
This process is capable of removing the contamination due to Cs-137, which is volatile at the
operating temperature of the furnace, whilst Co-60 is homogeneously distributed within the melting
bath and then it is fixed after solidification of the metal.
Depending on the initial scrap contamination, the resulting ingots may have a residual contamination
below the limit of clearance.

Liquid Waste Treatment
It includes a number of specific processes addressed to concentrate the radiochemical contamination in
a reduced volume of slurry, sludges or concentrates subject to be immobilised in a hard matrix (e. g.
cement) for storage and leaving a water phase with extremely low residual contamination suitable to
be released to the environment.
Typical liquid waste treatment processes are the following:
filtration
evaporation / drying
neutralisation
solidification
treatment with ion exchange resins
precipitation.

Embedding in cement
In some circumstances for solid waste, it may happen that a specific treatment is deemed not profitable
or the treatment proved to give an unsatisfactory result in terms of residual activity of the material.
In this case clean cement mixture is poured on solid waste (packaged in a suitable container) to block
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the contamination in view of the final storage.

No treatment
Radioactive waste with very low radioactivity content is allowed to be packaged in suitable container
and shipped to the (final) storage without further treatment.

EVALUATION METHODOLOGY
In order to obtain a complete evaluation tool, a simulation code has been developed by integrating the
Data Base with a section where all the relevant characteristics for the identified
treatment/dismantling/decontamination/conditioning processes are described. The parameters, having
direct correlation with the final waste volumes to be sent to the repository, are specified in terms of:
decontamination factor, volume reduction factor, secondary waste production, release limits.
The accuracy of such estimations is differently affected and the results are inherently impacted by the
following evaluation process:
knowledge of the complete inventory of systems, components and materials in terms of
both geometrical dimension and radioactivity content;
identification of all the processes suitable for the treatment of radioactive materials
including the decontamination techniques;
the clearance levels.
According to a specific scenario and by fixing a specific clearance level (e.g. 1 Bq/g) for the release of
materials, the simulation code, named RainMan, allows for the evaluation of the solid materials that
could be cleared and the volumes (activities) of the L-MLW that should be sent to a disposal facility.
Furthermore, the code allows for a choice of a particular treatment strategy associated to a particular
group of material or component, that is function of the different volume reduction and
decontamination factors characterising the process applied to the considered waste materials.
Due to the fact that the type and geometrical characteristics of the containers, suitable for the final
repository, have not been consolidated yet, the waste volumes evaluated by means of this methodology
(that are net volumes) have to be increased by a factor in the range of 1.5-^-2 to take into account the
volume increase of the packaging.

RAINMAN TESTS
According to the methodology described in par. 4, different evaluations have been done of the
volumes of waste to be stored in the final repository.
Table 1 shows an evaluation of the materials produced during the decommissioning of Caorso NPP
before the treatment/conditioning processes.
As an application of the RainMan methodology, three different tests were carried out according to
different waste management strategies:
-

LOW

Where treatment processes with the maximum volume reduction and high decontamination factors are
used.
-

HIGH

Where treatment processes with lower volume reduction and lower decontamination factors are
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considered.
-

MEDIUM

Where decontamination processes with low decontamination factor combined with treatment
processes with high volume reduction factor are considered.
The results are summarized in the Table 2 and represented in Figure 1.
The assessment performed by SOGIN, based on the assumptions made in the preliminary design of
Caorso NPP dismantling, is reported in Table 5.2 and shows a good agreement with the results
obtained by the RainMan methodology.

CONCLUSIONS
The activity was completed in 2001 and the RainMan code effectively demonstrated to be a powerful
tool for investigation on how the different parameters involved in the decommissioning activities
could affect either the dismantling strategy and the volumes of produced radioactive waste.
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APPENDIX I
Table 1 - Evaluation of materials produced from decommissioning Caorso NPP, before
treatment/conditioning processes
Non-radioactive
materials

Radioactive materials
below clearance levels

(nr)

(nr)

101126

47563

Radioactive materials
above clearance levels

16531

Table 2 - Evaluation of Caorso NPP waste volumes resulting after the treatment/conditioning
processes

! Waste management
1
strategy

Volume of materials
with activity below
the clearance level
(nr)

Volume o of waste
to the final
repository
(irr)

LOW

58926

2281

HIGH

56501

4147

MEDIUM

56501

3274

SOGIN assessment

62200

3400

(*)

not including the volume increase due to the packaging

Figure 1- Caorso NPP Waste volumes resulting after the treatment/conditioning processes

100000

m Cleared materials

l Radioactive waste

LOW

HIGH

MEDIUM

Waste management strategy
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Abstract. The proper application of the nuclear techniques and technologies in Romania started in 1957 with the
commissioning of the VVR-S Research Reactor at IFIN-HH-Magurele. During the past 40 years, this reactor was
used for thousands of nuclear applications with extremely diverse profiles (research, biology, medicine,
education, agriculture, transport, all types of industry) which used radioactive sources in their activity and
produced radioactive waste.
The Radioactive Waste Treatment Plant (STDR) at IFIN-HH was constructed in collaboration with companies
from the United Kingdom and became operational in 1975. It was the only authorized and specialized institution
for the management of non-fuel cycle radioactive waste in Romania.
Using the concepts existing in the 1980's concerning the final disposal of the low and intermediate level
radioactive wastes, and applying internal standards and international recommendations, the National Repository
for Low and Intermediate Radioactive Waste (DNDR) was built in 1985 in Baita, Bihor county and placed into
operation.
Therefore, through the construction and operation of the treatment and final disposal capabilities, Romania has
solved the management of the low and intermediate level radioactive waste while providing for the protection of
the people and environment.
RADIOACTIVE WASTE TREATMENT PLANT
The Radioactive Waste Treatment Plant at Magurele takes non-fuel cycle radioactive wastes from a
range of sources and conditions them prior to free release or transfer to the national repository. The
plant deals with liquid and solid wastes and includes a decontamination centre.
The Radioactive Waste Treatment Plant was commissioned in 1974 and it represents a fully import
from FEL - United Kingdom. The central building contains the incinerator, the liquid effluent
treatment installation, equipment for solid waste conditioning, laboratories and offices. The rest of the
plant has in compound of five interim storage repositories. The five cellular repositories are used for
the interim storage of the conditioned drums until their transfer to the Baita final repository.
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Table I summarizes the treatment and conditioning capability of the STDR.
Table I. Treatment and conditioning capability of STDR at Magurele
SOLID WASTE

TREATMENT METHODS

LLW

Segregation, Incineration, Shredding
Compacting (220 Kg/cm2)
Conditioning in 100 1 and 220 1 drums by cementation (final: 220 1 drums)
Reconditioning of 220 1 drums in 420 1 drums

ILW, Spent Sources

Direct conditioning by cementation in 220 1 drums

AQUEOUS WASTE

TREATMENT METHODS

LLW

Chemical treatment by precipitation (first step), using iron chloride,
sodium phosphate, potassium ferrocyanide;
DF = 30 (approx.)
Evaporation (second step), DF = 1000 (approx.)
Total DF = 10000 (approx.)
Release level after dilution in the river 1850 Bq/m3 (5 x 10"8Ci/m3)

ILW, 3H, I4C

Direct conditioning by cementation

The annual designed capacity of the treatment plant is 1500 m3 for Low Level Aqueous Waste
(LLAW), 100 m3 for Low Level Solid Waste (LLSW) and shielded drums for Intermediate Level
Waste (ILW).
From November 1974, when the STDR became operational, until December 2001, the plant has
treated nearly 26,000m3 of LLAW, 2100m3 of LLSW and 4000 spent radiation sources, resulting in
over 6000 conditioned drums.
Table II. Present status of STDR-IFIN-HH
Type of Waste

Storage Capacity
(total)

Present Storage
Status

Low Level Aqueous

2 x 300 mJ

-40%

37 MBq/mJ

IFrrT"

20 m3

3 m3

37 MBq/m3

103m3

200 m3 (shielded
drums)

12 m3

Equivalent to
surface dose rate

70 shielded
drums

Low Level Solid
Intermediate Level

Maximum
Activity

MaximumA
nnual
Arising
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drums)

of2mSv/h

drums

Spent Sources

3,000

40

370 TBq

400

Fire Detectors

~105

16,908

1.85 x 107Bq

104

Neutron Sources

-100

18

Non established

20

Conditioned Package

3,000

800 (corroded
drums)

Conforming with
operation license

400

NATIONAL REPOSITORY FOR RADIOACTIVE WASTE
The location of the DNDR was based on experience gained by countries that have developed nuclear
programs, which show that the most proper modalities for radioactive waste disposal are the
underground facilities in geological formations without a water table or water infiltration. The site
selection was based on preliminary studies concerning the geology, hydrogeology, seismic,
meteorological and radioactivity of the area, and also on mining technical studies.
Sited in the Apuseni Mountains in an old exhausted uranium mine, the underground structures were
dimensioned to accomodate about 21,000 standard drums (220 liter drums). This would ensure a 40
years storage capacity for radioactive wastes originating from scientific research and industry.
The planning (Fig.l) was carried out taking in consideration the total length of the galleries and the
annually deposited drums, obtaining an optimum profile of 10.5 m2. Locally, the walls were lined with
Portland cement selected because of its small interaction to water. The same type of cement is now
used in the radioactive waste conditioning process.
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FIG. 1. Access and disposal gallery ofDNDR
The technological disposal process used bentonite, wood and cement brick. Bentonite is used as
backfilling material and an engineered barrier taking into consideration its very good plasticity and
absorption capacity, which diminishes the radionuclide migration possibility from deposited drums
(Fig. 2). Between the drum ranges are placed wood shuttering. When a gallery is filled up, it is sealed
with cement brick.
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Standard drum

Bentonlte

Scale 1:30

Transversal gallery cross section with stacking of the drums

FIG. 2. Drum emplacement in a disposal gallery
At present there are finally disposed more than 6,000 standard drums in the DNDR galleries. This
means about 30% of the repository capacity has been used. The capacity of the repository could be
expanded up to 150,000-200,000 containers.

ISSUES REGARDING THE RADIOACTIVE WASTE MANAGEMENT
Since 1974 when STDR became operational, there have been no improvements made. The 26 year old
plant is known to be operating at less than its original design throughput, hi the lastfew years, because
of the physical and ethical wear of the equipments, difficulties arose in obtaining the licensee from the
regulatory body. The liquid effluent treatment line has not operated for almost three years, and the
license will be obtained after an examination of the storage tanks and the main pipes.
Beside the technical state the plant, there is also a problem with the absence of treatment technologies
for some types of wastes such as: Am-241 sources from smoke detectors, neutron sources, Ra-226
sources from medical use, and high activity Cs-137 sources. At present, these types of wastes are kept
in temporary storage until treatment technologies will be available.
Another problem is related to the conditioning of historical waste. In three of the interim storage
repositories there are almost 800 corroded drums that require repackage. This waste has existed for at
least 30 years and can not be repackaged due to the lack of funding. The radioactive inventory of these
drums is not known. The buildings are in bad shape and require renevation.
Because of insufficient funds, only small repairs are performed in order to keep installations and
equipments operational. Because the laboratories are in poor condition, it cannot be perform
appropriate analyses on the technological fluxes, the characterization of the cement matrices used in
the conditioning process, and it cannot assure proper radiological protection of the operators.
Related to the National Repository, it must be noted that in 1985 when it was constructed, it was an
unfinished investment, and during the 17 years of operation no major improvements were made. The
electrical and ventilation systems are worn and lead to frequent technical problems which prevent
operational activities for long periods. Because the repository is placed in a mountainous area and the
access is on a forestry road and the meteorological conditions are not always suitable, transport
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activities are carried out only between April and November.
However, in the short term, with some improvements the Magurele STDR could have sufficient
capacity to process the routine forecasted waste generation and this is also valid for the DNDR. In the
longer term, decommissioning of the Magurele research reactor could challenge the available capacity
of current resources unless this is taken into account during planning.

ESTIMATION OF RADIOACTIVE WASTE FROM VVR-S RESEARCH REACTOR
DECOMMISSIONING
Radioactive waste generated during the decommissioning of the Magurele VVR-S research reactor
may be classified as:
Activated wastes (internal structures, horizontal channels, thermal column, biological
shield);
Contaminated wastes (non-activated primary circuit components, hot cells, some rooms
such as the main hall, pump rooms, radioactive material transfer areas, ventilation
building and stack);
Possibly contaminated material from any area of the reactor building and ventilation
building. After 40 years of nuclear research activities, all such areas are suspected of
contamination.
The main radioactive waste categories will be:
medium activity liquid waste ;
low activity liquid waste;
low activity organic liquid waste;
medium activity metallic solid waste (stainless steel, aluminium, carbon steel);
medium activity concrete waste;
low activity concrete waste;
medium activity graphite waste;
low activity graphite waste;
ion exchange resins organic solid waste;
organic material solid waste resulted from decontamination, and others.
All the major areas where studed which contain activated equipment's, devices and which have
significant contribute by the waste volumes point of view.
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Below is a preliminary estimation of the waste, which results from decommissioning:

Types of wastes

Quantities (tonnes)

1. Radioactive wastes from neutron activation
With high specific activity
Steel

0.01

Aluminum

0.9

With medium specific activity
Aluminum

2.3

Steel

77

Concrete

12

Graphite

1.2

With low specific activity
Aluminum

1.2

Steel

6.6

Concrete

48

Graphite

2.7

2. Radioactive wastes from decontamination
Aluminum

3.8

Steel

135

Concrete

1500

Graphite

2

Paraffin

3-5

Plastics

1.6

Radiation
equipment

protection

Electric cables
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10
7

Devices and equipment used for demolition and
disassembling activities

15

3. Secondary wastes from decontamination
Organic liquids

3.5 m3

Watery liquids

1500 m3

Textile

200 m3

Plastics

100 m3

The presented quantities must be considered, as a guide taking in consideration that the quantities of
the contaminated material can be much bigger;
normal concrete - 3.250.000 kg
heavy concrete - 1.200.000 kg
steel + cast iron - 300.000 kg
The quantities of wastes will significantly depend of the decommissioning strategy that will be chosen,
but in any case it is obvious that specific problems will develop.

CONCLUSIONS
The treatment and conditioning of non-fuel-cycle radioactive waste stated at the STDR nearly 26 years
ago and disposal activities started at DNDR 16 years ago. Both facilities were designed and built
according to the philosophy of the '60's and '70's, common to ex-socialist countries, except for some
Western European imports. Beginning in 1990, many expert missions visited STDR and DNDR under
the auspices of the IAEA and EEC technical co-operation projects. Nearly all experts, while
recognizing the scientific level and experience of personnel, strongly recommended corrective
measures and up-grading of facilities and operational practices. The following are specific
recommendations:
a national policy addressing the management of radioactive waste for at least the next 10
years should be established;
elaboration of acomprehensive safety analysis addressing the management of anticipated
waste should be performed;
refurbishment of processing and control systems is needed;
amending the operational practices taking into account ICRP recommendations on dose
limits for workers and public is also needed.
The following radioactive waste management activities at IFIN-HH are necessary to face future needs
and reactor decommissioning:
a technical analysis of the present status of STDR systems (electric, instrumentation and
control, natural gas, compressed air, heating, ventilation, air conditioning, and health
physics instrumentation), taking into account the long period of operation and factors
such as corrosion;
suggestions for both refurbishing of the existing installation for treating,
decontamination and conditioning of reactor decommissioning waste with the objective
of meeting state-of-the art techniques and international recommendations. The selected
solutions are established in principle, but are still to be finalized in further feasibility
studies.
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The replacement of process equipment and control instrumentation is needed to:
replace that damaged during operation;
up-date because of operational conditions;
to meet modern standards.
Updating of STDR is imposed by national regulations and technical constrains because the facility
must remain operational for at least the next 20 years. The management of currently generated
radioactive waste will be improved soon, and adequate management of decommissioning waste will be
achieved in 3-5 years while keeping nearly the same processing capacity.
In order to be able to treat radioactive waste generated from decommissioning activities, as well as
other radioactive waste coming to the RWTP from other sources, the following should be performed:
The existing installations should be brought up to modern standards and fully operational
status;
Modifications and improvements should be made to the existing installations in order to
be able to treat waste generated from decommissioning the WWR-S Research Reactor.
Decommissioning of the Magurele research reactor will create additional waste streams for a short
period, which will to be treated in the Waste Treatment Plant. The start date for the reactor
decommissioning is uncertain, but is expected in the next years. The duration of the reactor
decommissioning program is also not known but, in view of the quantities of waste that are predicted
to be generated, it is envisaged that it could be planned to take account the throughput of the waste
treatment plant. The total liquid waste generated from the decommissioning programme is predicted to
be over 1300 m3 (over three to five years). This may be compared with the buffer storage capacity
available in the waste treatment plant of 600 m3. The total solids generated, mainly waste that will
require direct grouting, is predicted to be several hundred m3 as compared with the original design
throughput of 100 m3/y. Taking in consideration all the problems mentioned above, it is obvious that
before starting the decommissioning programme it is necessary to up-grade the waste management
facilities. In this sense, once planning of the decommissioning project is started, studies on up-grading
the waste management facilities to allow it to be able to collect, treat, condition and dispose of the
resulted wastes need to be completed. It was agreed that the first necessary step is to up-date DNDR to
reach the national demands and international recommendations. Modernization of DNDR must be
done soon which should include:
Construction of a one way asphalt road with intersection points and drainage system;
A building sited on the entrance platform which will include rooms for ventilation and
electric equipment, laboratories, a hall for unload the drums and a space for storage until
their transfer into the gallery, offices, rest room, etc.;
Replacement of the existing electric and ventilation systems;
Replacement of the drainage system;
Impermeabilization of the disposal galleries and transport galleries;
Installation of a modern physical protection and communication system.
If "green field" decommissioning is selected as the final end point of the decommissioning
programme, it will be necessary to take in consideration the capacity of the disposal facility to either
increase it or to build a new repository.
At the same time, modernization of STDR is required, which will basically consists in:
Acquisition of a new evaporator;
Acquisition of a new liquid effluent treatment line;
Replacement/modernization of the electric, ventilation, and drainage systems;
Installation of a modern physical protection and communication system;
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Replacement of decontamination devices;
Implementation of new technologies;
To upgrade the laboratories for analyses, control and tests of waste products with
complete and modern devices; and
Construction of two new interim storage repositories which will assure the necessary
capacities of conditioned wastes until their transfer to DNDR and also the interim storage
of waste which could not be previously treated.
Another major issue is the management of waste, which requires special technologies such as
aluminium, graphite and radioactive waste resulting from neutron activation. These types of waste
require special technologies and must be kept in storage until a proper solution for them is determined.
Because of the poor technical infrastructure at the installations and the lack of experience of operators,
all the objectives mentioned above would require technical assistance from IAEA and countries from
EC, which have planned decommissioning projects and gained actual experience.
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Abstract. In the presentation, some information concerning the historical background of NPP A-l in Jaslovske
Bohunice, Slovakia is given. The main technical parametres used during production activities concerning the
decommissioning of the NPP A-l to a first stage (i.e. to obatin radiologically safe stage) are solved together with
the main contractor, Nuclear Power Plant Research Institute, Trnava, according to an approved project by the
Slovak Government and Nuclear Authorities. The technological schemes for the radioactive waste treatment at
SE-VYZ o.z. and their main technical parametres are shown as well.

INTRODUCTION
NPP A-l was constructed on the site at Jaslovske Bohunice (approximately 60 km from the capital
Bratislava) as a first experimental nuclear power plant in the former Czechoslovakia. It was equipped
with a KS 150 reactor with natural uranium as a fuel, heavy water moderated and carbon dioxide
cooled. During the operation of the NPP A-l some incidents occurred. After one incident on February
22nd 1977, during a normal refueling operation, an insufficiently transmissive fuel assembly (human
failure) was charged into a reactor core, which in turn caused a local overheating of a technological
channel and its following rupture. This caused a leaking of the heavy water into the primary circuit
with following damage of fuel elements and serious contamination of the primary circuit.

THE NPP A-l CONDITION AND ACTIVITIES AFTER THE ACCIDENT
The main characteristics of the plant conditions after the accident and some of the activities performed
were:
moderator was drained and cleaned
damaged fuel channel had been dismantled
damaged fuel assembly had been removed from reactor
extensive contamination of the primary circuit by alpha nuclides due to the fuel channel
and fuel assembly damage
slight contamination of the secondary circuit, because of steam generators leakage
reactor defuelled and fuel assmeblies placed in storage canisters in the storage pond
partial damage of spent fuel cladding in the storage casks and following corrosion of
metallic uranium
large amount of unconditioned and non-treated waste of various nature and activity
level.
The former Czechoslovak government decided not to restore the NPP A-l operation. This decision
was taken and an Order was issued in May, 1979 to commence the decommissioning preparation .

Activities during the time period 1980-1990
After the accident the main aim was to transport the spent fuel assemblies to the former Soviet Union.
From the total amount of 572 fuel assemblies, 440 fuel assemblies were withdradioactive wasten and
transported in the SU. The remaining fuel assemblies (i.e. 132) had cladding damage and it was
necessary to develop special equipment for draining the cooling medium from the cans and special
containers before the spent fuel assemblies could be transported to the Russian Federation. This phase
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took place during the period 1996-1999.
In the period following 1981 disassmbly of the secondary circuit took place. The amounts of removed
metal materials are as follows:
steel 16411
brass 259 t
aluminium 22 t
alloy steel 163 t.
During the period 1980-1999, activities were performed concerning the decontamination and cleaning
of some parts of the NPP A-l spaces.
Appropriate radioactive waste treatment systems did not exist. During this period there was only an
operation evaporation unit for the volume reduction of the low activity water contamination and a lowlevel pressure compactor for the volume reduction of the solied (namely burnable) radioactive waste.
It was necessary to develop and buy some technologies for the treatment and conditioning of the
radioactive waste.
The Nuclear Power Plant Research Institute (NPPRI), Trnava developed an evaporator concentrates
bitumenation and an incineration for the burnable solid waste. They constructed and assemblied pilot
plants for both of these processes. It was necessary to implement some of instrumental methods for the
reagents characterization.
For the metallic radioactive waste treatment, some experiments concerning melting of the material
were performed in cooperation with Research Institute for the Iron melting in Frydek Misted (Czech
Republic).

Activities during the time period 1990-2000
The systematical approach for the NPP A-l decommissioning process has started in 1994 by
developing the "Project of bringing A-l into radiation safe conditions" document. The activities
defined in the project are included in Phase I of the A-l decommissioning.
Since January 1, 1996 a new company was created (SE-VYZ, pic.) that belongs to Slovak Electric and
is responsible for the storage of the spent fuel assemblies from NPPs WER-440, the treatment,
conditioning and disposal of radioactive waste in the Republic disposal site in Mochovce.
The completion of many tasks concerning the decommissioning of the NPP A-l is in cooperation with
the main contractor, VUJE - NPPRI, and some subcontractors. According to the Slovak governmental
decision the Phase I for the NPP A-l decommissioning should be finished by January 1, 2007.
Phase I of project for the NPP A-l decommissioning is divided into 4 main group of tasks:
group 1 Environment
group 2: Main production unit
group 3: Radioactive waste treatment and conditioning
group 4: Technical support for A-l decommissioning.

Environment
Tasks in this group are focused on the solution of selected problems that have immediate inmpact on
the environment. They are mainly problems concerning the retrieval of the radioactive sludges from
the undeground storage tanks and the technologies for their treatment. To these empty storage tanks
belong to prepare of some A proposal will be prepared to determine what should be done with the
empty storage tanks, to either reuse or demolish them. This group has seven main tasks.
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Main generation building
The tasks of group 2 are to determine the treatment and transport for all radioactive waste that is in the
long-term storage pond, in the short-term storage tank, and the equipment in hot cell. This group will
develop facilities for the decontamination of the A-l rooms and equipment. This group has seven main
tasks.

Radioactive waste treatment and conditioning
The radioactive waste treatment and conditioning is the most serious task that affects the proposed
aims of the Phase I decommissioning of the NPP A-l. The main tasks of this group are focused on the
of development technologies for the retrieval and conditioning of sludges, treatment of contaminated
soils and ash from the radioactive incinerator, pretreatment (fragmentation) of the metallic radioactive
waste and treatment of special radioactive waste such as contaminated chromium, sulfuric acid, etc.
This group has ten main tasks.

Technical support for decommissioning
Tasks of group four are focused on the methodology and technical support for the particular activities
applicable during plant decommissioning with the emphasis on the NPP A-l decommissioning. This
group has ten main tasks.

RADIOACTIVE WASTE TREATMENT AND CONDITIONING AT SE-VYZ
Centre for the radioactive waste treatment
Together with NUKEM centre for the radioactive waste treatment on the teritory VYZ company was
constructed. This centre consist of following main technologies:
A preconcentration unit for liquid waste concentration before their solidification in a
cement matrix.
An evaporator of greater than 400-450 1 of water per hour.
A cementation unit that had that had been discontinued. The main equipment of this unit
includes a mixer with a volume of 500 1. The cement mixture from the mixer is placed in
the special fiber concrete containers that has volme 3.1 m3. These containers contain
conditioned radioactive waste and are transported to the Republic Repository in
Mochovce.
A two chamber incinerator unit that can burn 50 kg of solid waste per hour burned of the
solid waste or 30 kg solid waste and 10 kg liquid waste per hour.
A supercompactor that is devoted solid waste compaction in 200 1 steel drums.
For the evaporated concentrate, a birumenation unit is used for solidification. The main device of this
unit is a wipe film, rotor evaporator that has a capacity of 100-120 1 of water per hour. Up to this time,
400 m3 of evaporated concentrates from NPP A-l have been solidificated in bitumen A-P80 (soft
type).
A vitrification unit was used for the chrompik I solidification in the borosilicate glass matrix.
Chrompik, i.e. water solution {2-3 %} of K2Cr04, or K2Cr207, was used for the cooling of the spent
fuel assemblies in the short term storage pond (Chrompik I) or for the long term storage spent fuel
assemblies in cans filled by Chrompik II or Chrompik III as a cooling medium. During the 1996-2001
period, a total volume of 19 m3 of Chrompik I that had gamma and beta activity of 1.2-1.3xlO9 Bqjl
was vitrificated. The capacity of this unit is 50 1 of treated Chrompik per day.At present, the
vitrification unit is recontructed according the an approved project by the Slovak Authorities for the
vitrification of Chrompik II a III.
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CONCLUSION
Solving of the above mentioned tasks of the Project Decommissioning NPP A-1 Phase I are performed
by a large number of specialists from the Slovak companies. According to current estimates, a realistic
finish date of January 1, 2007 is possible for the radiologically safe stage of the NPP A-1.
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Abstract. This paper deals with the main activities and results of the Nuclear Power Plants Research Institute
(VUJE) Trnava in the fields of development of remotely operated manipulators and robots for decontamination
and dismantling. D&D of the Active Water Purifying Station (AWPS) of A-l NPP Jaslovske Bohunice was
chosen as a pilot project for the application of advanced CA technologies and manipulators for D&D tasks.
The presence of radioactive, toxic or hazardous materials limits personnel access to facilities. Very often there
are not enough up-to-date drawings of the installed technology. Therefore, in preparation phase of
decontamination, a 3D Laser scanner and software 3Dipsos were involved as modelling technology and civil
construction of the facility. Examples of acquired data and created 3D models are presented.
Many D&D tasks have to be performed remotely. This paper describes the main features of developed remotely
controlled manipulators. A movable manipulator MT-15 is dedicated for recognition and analysing tasks in
hostile environment. A general purpose manipulator MT-80 is used for heavy duties in D&D. A long reach
manipulator DENAR-41 was developed for the decontamination of underground waste storage tanks.
Mock up tests of the afore-mentioned manipulators were performed before they were used in D&D tasks.
Moreover the software EUCLID and IGRIP are used for simulation, analysing and optimisation of
decontamination or dismantling tasks. This procedure leads to safe and more effective realisation of
decontamination and dismantling tasks. The obtained results are also used for future development of suitable
manipulators.
The description of the initial and present state of contamination and radiation level in AWPS is presented in this
paper. Experience with utilisation of advanced CA technology for acquiring as built models, development of
manipulators and simulation of D&D tasks are described.

INTRODUCTION
At present there are 6 NPP units in operation in the Slovak Republic (1 st and 2nd unit of V-l NPP, 1st
and 2nd unit of V-2 NPP and 1st and 2nd unit of Mochovce NPP), 2 units are under a temporary
construction stop (3rd and 4th unit of Mochovce NPP). All these reactors are of Russian design
WWER-440, type V-230 and V-213.
The unit of the A-l NPP (reactor cooled by CO2, moderated by heavy water and using as a fuel natural
uranium) is in the process of decommissioning. The nuclear power plant A-l was in operation from
1972 to 1977 and was finally shutdown after an accident (level 4 according to the International
Nuclear Event Scale). The reactor unit of the A-l NPP is in the preparation stage for decommissioning
of its components. All the spent fuel from the A-l NPP was transported to Russia. The part of the
turbine building is used for processing and storage of radioactive waste. Liquid radioactive waste,
except water in the spent fuel pool, was reprocessed and some intermediate radioactive waste from the
main production unit was partially treated [2].
VUJE Trnava, Inc. has been chosen as a main counterpart for the A-l NPP Decommissioning Project.
The main goal of the project is to obtain radiologically safe status. The project should give the
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complex solution of problems related to NPP decommissioning, mainly in Slovakia, but also for other
European NPPs with WWER reactors.
The presence of radioactive, toxic or hazardous materials limits personnel access to facilities and,
therefore, it is necessary to use advanced CA and remote technologies for decontamination and
dismantling [3,4].
General-purpose manipulators as well as manipulators for spatial tasks were developed for
decontamination purposes. The software EUCLID is used for 3D modeling of facilities and remotely
operated robotic systems. In addition it is used for 3D simulation of operations of robots during
decontamination and dismantling. The software IGRIP is involved in improveing a simulation result.
The 3D SOISIC scanner and software 3Dipsos is used for acquiring a real state of civil constructions
and equipment in the A-l NPP.
D&D of the Active Water Purifying Station of the A-l NPP Jaslovske Bohunice was chosen as a pilot
project for application and verification of advanced CA technologies and manipulators for D&D tasks.

ACTIVE WATER PURIFYING STATION
The Active Water Purification Station (AWPS) was used for purification of waste water and water
from the special canalization system of the reactor's building of NPP A-l. The AWPS consists of a
building, where the main equipment for receiving and treating waste water is placed and where the
system of underground storage tanks is situated. Some equipment is still in operation after its
reconstruction, i.e. evaporator, appropriate technological parts and tanks. Other parts of the equipment
is out of operation after its incorrect use in the past. This equipment and the rooms where they are
placed are generally very highly contaminated and it is necessary to decontaminate and dismantle
them. The decontamination of underground storage tanks is the most urgent, because they are in direct
vicinity of the environment and after several years of use their integrity could be broken.
The neutralisation tank of ion-exchangers, decontamination solutions and their pump tank constitutes
the main equipment, which must be decontaminated and dismantled. This equipment is installed in the
rooms No. 7 and 5, which are placed on the level - 8 m. The related pipe line, pumps and control
valves are placed in adjacent rooms on the same level. Due to previous incorrect usage, this equipment
is now out of operation. The significant amount of ion-exchanger and sludge which has remained in
the tanks represents an important source of radiation in these rooms. Furthermore, there is a high level
of contamination on the surface of this equipment and the walls of rooms where it is placed. The floors
of these rooms are covered with sludge/dust contaminated with a very high level of a nuclides.
Considerable sources of radiation are additional things, which were deposited in these rooms after
their shut down. The insulation of the tanks is damaged and pipelines and control valves are highly
corroded representing additional sources of radiation (see Fig. No.l). The level of radiation changes
from 10 to 100 Gy/h and the surface contamination ranges from 600 Bq.cm"2 to 950Bq.cm"2.
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Fig. No.l Initial state of the room No. 7 — Neutralisation tank.
The underground storage tank system is placed next to the AWPS building. It consists of 15 separate
underground tanks. They collect different kinds of liquid waste from the reactor building of the A-l
NPP. The diameter of the tanks ranges from 6 m to 16 m. They are made of concrete with a special
surface covering PESL (polyester glass reinforced laminate).
Generally, after several years of operation, there is a layer of sludge on the bottom of each tank and a
separate layer of water. Often, there are different pieces of waste such as polyester foil, gloves and
even more small flasks dropped in to tanks. In the inspection chambers there is also a lot of different
wastes such as ledders, hoses, pumps etc. (See fig. No 2). All these pieces represent sources of
contamination and therefore it is necessary retrieve them.
The level of radiation in the tanks changes from 0.5 up to 10 Gy/h. It is presumed that the covering of
the tanks is damaged and there is a risk that liquid radioactive waste could leak into the environment.
Therefore, it is necessary to pump out the liquid waste to the safe and/or decontaminated tanks and
check their integrity.
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Fig. No. 2 Initial state of the underground storage tanks.
The release of AWPS represents typical problems of D&D tasks:
withdrawing of different parts of contaminated materials,
dismantling of different parts of technology,
pumping out and treatment of liquid radioactive waste,
decontamination of storage tanks, and
decontamination of different kind of surfaces.
The level of contamination and the extent of decontamination are rather mediate and this is the reason
why D&D of the AWPS was chosen as a pilot project for testing advanced remotely operated
manipulators and CA technologies.

DESCRIPTION OF ADVANCED CA TECHNOLOGIES USED IN THE D&D OF
THE AWPS
Modelling of the facility ('as-built')
Knowledge of the physical configuration and contamination levels within the facilities is required for
work planning, ALARA planning, cost estimates and workers' training for safe decontamination and
dismantling. Drawings of the installed technology in the AWPS are not complete. Manual
characterisation is difficult and time consuming. Advanced CA technologies are used for 3D modeling
of the facility before planning the decontamination procedures.
A 3D laser SOISIC and the software 3Dipsos are used to ascertain the real state of civil construction
and equipment in the AWPS. The SOISIC system uses a low-power laser beam, which is deflected by
a scanning mirror to sweep across a given scene. A CCD camera detects the spot of the laser beam on
the surface of the object. 3D coordinates are computed by triangulation at a rate of 100 discrete points
per second. All measured points are transferred to the software 3Dipsos, which runs on a silicon
graphics workstation. A consolidation procedure brings the 3D coordinates from different points of
view to a common frame. After that, geometrical primitives (cylinders, cones, bends, planes, etc.) are
fitted to operator-chosen groups of points using least squares adjustment algorithm. Finally, a 3D
model of 'as-built' is obtained [5] (see Fig. 3). 'As-built' modeling is useful for updating the drawings
of a facility.
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I-. Afo. 5 C/owrf of acquired points and created 3D model of as-built equipment of neutralization
tank.

3D modeling of a facility and simulation of a decontamination procedure
Once there are sufficient updated drawings, EUCLID is used for 3D modeling of the AWPS. If there
are no drawings available, they will be produced in the above mentioned procedure. In this case the
3D models are transferred from 3Dipsos to EUCLID. EUCLID is capable of generating enables the
generate 2D drawings and providing input for the database of facilities, which serves as a source of
verified data for the preparation of D&D tasks.
EUCLID is also employed for the simulation of decontamination and dismantling performed by
manipulators. Simulations are useful to optimize the manipulators' movements and to plan the
decontamination procedures. Operators can find out how to maneuver manipulators to perform a given
task (see Fig 4). With the help of EUCLID collisions between the manipulators and the equipment can
be avoided. Simulation of manipulators' operations is also used to find the best location of the
manipulators to carry out the decontamination and dismantling tasks in the most manner. Results of
the simulations are used for the optimization of robot kinematics and their future development. In
addition, IGRIP (Interactive Graphics Robot Instruction Program) from Delmia Corporation (formerly
DENEB Robotics, Inc.) is used to cover all necessary aspects in development, programming,
analyzing and simulating of robotic systems for the D&D of the AWPS (see Fig. 5).

Fig. No. 4 3D modeling of underground waste storage tanks of the A WPS and simulation of
dismantling task in software EUCLID.
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Fig. M>. 5 Kinematics analyses of manipulator MT-80 in software IGRIP.

REMOTELY OPERATED MANIPULATORS USED IN THE D&D OF THE AWPS
As described above the presence of radioactive material and level of radiation limit access of
personnel to the underground storage tanks and rooms of the AWPS. Therefore it is necessary to use
remotely operated manipulators and robots for decontamination and decommissioning. VUJE
developed several different remotely operated manipulators and robots for decontamination and
dismantling tasks [6].
The manipulator MT-15 is used in hostile and radioactive environments to recognize and analyse
tasks, pick up radioactive samples, measure the contamination level and rate of radiation. MT-15
consists of a remotely controlled vehicle, which carries a manipulator and working unit. The vehicle
has four separate cleated tracks, which can be tilted. The manipulator arm has 5 degrees of freedom.
The general-purpose manipulator MT-80 was developed for decontamination and dismantling tasks.
The MT-80 is a hydraulic arm with 5 degrees of freedom and 1.8 m reach. It is made of special titandural alloy and the payload of the manipulator is 80 kg. A control unit allows laborious repeated tasks
to be programmed, which are often used in decontamination or dismantling. The wrist of the
manipulator can be equipped with any decontamination tools necessary.
One of the main priorities in the AWPS decommissioning is the decontamination of the underground
storage tanks. For that purpose a special manipulator, DENAR-41, was developed. It is a long-reach
hydraulic arm with a vertical bearing structure, which is placed over the storage tank. The main
difficulties in the development of DENAR-41 were the large diameter of the storage tanks (up to
diameter 0 16 m) and the small dimension of the hole in the inspection chamber (540 x 540 mm)
through which the manipulator reaches into the tanks. DENAR-41 can also hold and manoeuvre the
manipulator MT-80 or tools that are required to assist in waste retrieval.
Design and manufacture of manipulators were done. Initial mock-up testing was performed at the
beginning of 2001 (see Fig. No. 7). At the time this paper was submitted, the manipulators are being
used for their purpose in the active environment of AWPS.
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/g. TVo. 7 Mock up testing of manipulators DENAR-41, MT-80 and developed decontamination tools.

RESULTS OBTAINED
Up to the present time the containment and all the necessary equipment (automatic ventilation system,
decontamination and fragmentation tools and radiation level measurement tools) for decontamination
of the room of neutralisation tanks (room No. 7) were installed. Things deposited like hoses, drums,
flasks and small sources of radiation were withdrawn and treated in the existing waste treatment centre
in the NPP Jaslovske Bohunice or deposited in safe conditions. All unnecessary armatures of the
neutralisation tank were dismantled. The dry sludge from the floor of the room was vacuumed and
treated. After these steps, the radiation situation was much improved (see Fig. No. 8). The mock-up
tests of the manipulators MT-15 and MT-80 were performed. It is planned that they will be used for
the dismantling of the insulation of the neutralisation tank and for cutting the pipelines in the room No,
7. It is planned that by the end of 2002 the neutralisation tank and room No 7 should be
decontaminated. According to the result of the decontamination, it will be decided whether the
neutralisation tank will be dismantled or will be reused.
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-. iVo. S Radiation situation in the room of neutralisation tank ofAWPS
(room No. 7) before and after realised decontamination steps. Values represent the level of radiation in
mGy/h (values marked by * represent obtained results after mentioned decontamination steps).
Up to the submission of this paper the containment and all the necessary equipment (automatic
ventilation system, decontamination and fragmentation tools, radiation level measurement tools and
manipulator DENAR-41) for decontamination of the underground storage tanks (tank No. 6/1) were
installed. Things deposited like hoses, ledders, flasks and small sources of radiation were withdrawn
from the inspection chambers of the tank. The surfaces of the inspection chambers were
decontaminated by a high water jet. All unnecessary armatures of the tank were dismantled. After
these steps the radiation situation in inspection chambers was much improved. The level of radiation
decreased from 2mGy/h to 0.15 mGy/h. The mock-up tests of the manipulators DENAR-41 and MT80 were performed in the beginning of 2001. It is planned that the manipulators will be used for
cutting pipes inside the tanks, cutting the surface of tanks (thin surface of PESL - polyester glass
reinforced laminate) and decontaminating their surfaces (by high water jet). It is supposed that by the
end of 2002 several underground storage tanks with similar geometry and level of contamination
(tanks No. 6/1, 6/2, 3/1, 3/2) would be decontaminated. According to the results of the
decontamination it will be decided whether the tanks will be dismantled or will be reconstructed and
reused.
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CONCLUSION
The D&D of the nuclear installation is a challenging task from many points of view. One of them is
the necessity of using advanced technologies. The remotely operated manipulators, software and
hardware presented, should significantly contribute to the safe and low cost decontamination,
dismantling and decommissioning of NPP A-l Jaslovske Bohunice, as well as the other NPPs. A
substantial reduction of occupational doses and environmental impact can be also expected. The most
important revenue is the experience that the people involved in decontamination of AWPS have
gained. The experience and data obtained from this pilot project will be utilized in the overall
decommissioning project of Al-NPP as well as other NPPs in the future. The obtained results from the
decontamination of the AWPS encourage us in using advanced CA technologies and remotely
operated manipulators in D&D tasks. The acquisition of the 'as-built' state of the site and the
simulation of decontamination and dismantling tasks by the computer tools described are recognized
as being useful and effective. This procedure leads to a safer implementation of decontamination and
dismantling tasks.
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Abstract. The Nuclear Power Plant (NPP) A-l in Jaslovske Bohunice with a 150 MWe gas-cooled heavy water
moderated reactor was shut down after an accident in 1977 and it is now under decommissioning. The leakage of
fuel rod claddings as well as of primary circuit barriers and the accidents during the operation caused very high
contamination of all primary circuit installations, auxiliary loops, infrastructures and also the secondary circuit.
Due to very high dose rate fields and surface contamination with high contents of alpha radionuclides the process
of decontamination and decommissioning of the nuclear power plant A-l is very complicated, slow and
expensive. These facts require a specific approach to the realisation of the decontamination work. A great
emphasis is put on the thorough preparation of the work, verifying of the actual state, monitoring of the radiation
situation, non-active training and optimisation of working procedures. Several devices for the work in the high
radiation fields that significantly reduce the stay of workers in the exposed areas were developed and used in the
framework of the Decommissioning Plan for A-l.The modular device DEZA-OD is designed for the predismantling chemical loop decontamination of pipelines and vessels. This device enables to loop the circuit, to
fill and drain decontamination solutions, their circulation, heating, sampling as well as trapping solid particles.
The device was used for pre-dismantling chemical decontamination of the cooling system of the long-termed
storage pool for the spent fuel. Remotely operated vehicle DOV-Deco with purpose-built tools serves for the
realisation of some monitoring and decontamination operations in the high radiation areas. This device was used
with appropriate extensions for the monitoring of the radiation situation as well as for the decontamination of
floors in the rooms that were contaminated by high-level radioactive medium.

INTRODUCTION
The NPP A-l at Jaslovske Bohunice was intended to verify the possibilities of utilizing heavy water
reactors using natural uranium, cooled by carbon dioxide and moderated by heavy water. A-l was
constructed as an experimental demonstrational plant and all main components had a character of
prototype. In spite of this, the NPP was included into the power system with a determined plan of
electrical power production and operated for 5 years with several breaks. Two serious accidents
happened during the operation. After the second accident in 1977 (INES level 4), the NPP was
definitively shut down. In 1992, the Slovak Government adopted the concept and time schedule of
NPP A-l decommissioning but it was only in 1999 that the licence for the first phase of
decommissioning was issued. The decommissioning project is currently going on and planned to be
finished by 2049. The objective of the first phase to be completed by the year 2007 is to reach the
radiological safe state without spent fuel and without uncontrollable release of radioactivity into
environment. Decontamination of primary circuit installations, auxiliary loops and other heavily
contaminated objects of the facility is the task of top priority.
The processes of decontamination as well as other decommissioning processes are slow, very
complicated and they are connected with the great diversity of special problems [1]. The most
unfavourable factors that have influenced the course of the decommissioning process are as follows:
the design documentation of A-l did not contain the way of decommissioning after
ending operation;
the experimental character of the NPP;
termination of operation as a consequence of accident accompanied by serious fuel
damage and internal heavy contamination of all technological equipment;
lack of methods and means for treatment of spent fuel elements and radioactive wastes,
and
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lack of necessary storage and disposal areas for treated radioactive wastes.
The leakage of fuel rod claddings as well as of primary circuit barriers and the accidents during the
operation caused very high contamination of all primary circuit installations, infrastructures and also
of the secondary circuit. High radiation fields and high activity of the contaminated materials with
high contents of alpha radionuclides highlighted the need to solve these problems case by case without
looking for a universal method and accenting the radiation protection.

GENERAL STRATEGY FOR REALISATION OF PARTIAL DECONTAMINATION
TASKS
The tasks in the NPP decommissioning are mostly non-routine and non-standard activities. All these
activities are permitted only after the elaboration and approval of the special Work Programme
including an individual chapter "Radiation Protection".
The first step in the decontamination of all objects is the thorough mapping of the radiation situation
and investigation of the type and character of the radioactive waste. Measurements of dose rates in
rooms with technological equipment to be decommissioned are taken at horizontal steps 0.5x0.5 m at
different vertical levels at each step. Models for the distribution of the intensity of radiation fields are
developed based on values of dose rates. The main sources of the radiation are identified and
localized. Remote controlled mechanical manipulators and remote controlled electrical carriages
equipped with instruments recording levels of dose rates and with telemetric data transmission system
are used for the monitoring in high radiation fields. The new software tool for more precise radiation
doses planning ALPLANER was developed.
The schedule of work procedures are analysed based on the actual situation in rooms and, given the
aim and criteria, the best work procedures are chosen. The work procedures are split into several
phases, tasks and subtasks, depending on the planned operations. The collective dose equivalent and
the maximum individual dose equivalent are calculated on the basis of the distribution model of the
dose rates at the work place using the software tool ALPLANER. If the calculated limit exceeds the
given limit (10 man.mSv for collective dose equivalent, 1 mSv for individual dose equivalent),
measures are taken to lower the radiation dose to the lowest possible (ALARA) and the schedule of
work procedures and measures to lower the radiation dose are checked by the ALARA commission. A
Work Programme (including a chapter on radiation safety) is prepared after the approval of the
schedule of work procedures and measures to lower the radiation dose by the ALARA commission.
The application of the ALARA principle and the optimisation of radioprotection have an impact on the
organization of the work. A large part of the activities is devoted to the preparation phase. The nonactive testing of the principal operation on actual size mock-ups, applied before the realisation phase,
is very worthwhile, both economically as well as for training of staff and radioprotection purposes.
This principle of non-active testing and training of staff is also applied for auxiliary tasks, like for
instance the transport of highly radioactive wastes.
The minimisation of the secondary radioactive waste production is also taken into consideration. The
selection of the appropriate decontamination method that produce low amounts of radioactive waste is
of high priority together with an adequate time spent on the development of the decontamination
equipment and the preparation and training of the staff.
Decontamination works are described in the Work Programme or in partial decontamination projects.
The Work Programme has the standard structure with the following content:
Aim and reason of the programme;
Specification of preparatory works;
Initial state description;
Specifications of work package, works progress and review;
Safety management and emergency planning;
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Waste management;
Assignment of roles and responsibilities;
Determination of success criteria for the realization; and
Assignment of responsibility for the programme evaluation.
Decontamination work starts after approval of the Work Programme by the ALARA commission and
competent responsible persons. During work, data important from point of view of radiological
protection and ALARA are collected, evaluated and recorded. These data are evaluated and lesson
learned are given in the final programme evaluation.

PRE-DISMANTLING DECONTAMINATION
Radiation fields around the dismantled technological equipment usually reach values of 1 to 100
mGy.hour'1. The effort to minimise the occupational dose can have an influence on the strategies in
the decontamination and decommissioning operations. One typical example is the realisation of predismantling decontamination of inner parts of technological equipment to be decommissioned,
resulting in important reduction of the intensity of radiation fields around them (10 and more times).
Another requirement for pre-dismantling chemical decontamination is the production of minimum of
radioactive wastes. Having realised this step, the workers can enter the room and dismantle the
technological equipment using common tools and protective aids. This way is probably more
advantageous than the realisation of the remotely operated dismantlement using sophisticated single or
dual robotic arms for handling and cutting.
Equipment "DEZA-OD" for pre-dismantling chemical loop decontamination of pipes, tanks and other
similar parts of a NPP was designed and produced. This device enables to loop the circuit, to fill and
drain decontamination solutions, their circulation and control, heating, sampling as well as trapping of
solid particles.
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Figure 1: The modular device DEZA-ODfor thepre-dismantling loop chemical decontamination
Special equipment for the loop decontamination (Fig. 4) consists of four modules:
feeding module with a dose pump and heaters;
circulating module with two independent circulating pumps (up to 10 mVhour);
filtration module with two stainless steel filters 50 |um and 200 nm shielded by lead;
control module with controlling of all electrical parts and indication of pH-value, temperature,
speed of circulation and activity of the used decontamination solution.
Each of the modules has a certain function and none of them can be omitted from the system. Modular
construction has the following advantages:
decontamination equipment can have optimum layout in given circumstances, necessary working
place is minimal;
control module can be fitted at a place with the lowest dose rate at given working area since the
service personal will spend most of the work time there;
technical outfit of each module makes it possible to use this equipment for decontamination of
different systems (piping, vessels, circulating loops);
equipment can be easier transported to hardly accessible places (narrow passages, corridors, split
levels, etc.); and
possibility of extending the equipment with other modules (e.g. ion exchange filter).
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In the conditions that prevail at the decommissioned NPP A-l, this type of decontamination equipment
is very useful.
Generally, the following chemical solutions are mostly used in the case of pre-dismantling loop
decontamination:
formic acid ( 4 - 1 0 %), NTA (0.5 - 2 %), corrosion inhibitor (0.05 %) - in the case the
construction material is carbon steel; and
mixture of inorganic acids ( 3 - 5 %, vol.) - in the case the construction material is stainless steel.
In the case of decontamination of big tanks, these tanks have not to be completely filled up by the
decontamination solution. With regard to secondary radioactive waste minimisation, just a minimal
amount of the decontamination solution can be used. This solution is sprayed with a system of variable
oriented jets on a rotating head that rotates due to the action of the liquid flowing through the jets. The
rotating head with jets is placed inside the tank on a simple fixing frame with the help of which the
rotating head is fixed in different positions in which the decontamination solution can reach all parts of
the tank. The sprayed decontamination solution is collected on the bottom of the tank and fluently
recirculated. Typically, for the decontamination of the tank with volume of 4.5 m3 just about 0.25 m3
of decontamination solution is sufficient to realize its decontamination.
The example of a successive application is the decontamination and dismantling of the original pipes
subsystem from the cooling system of long-term fuel storage at NPP A-l [2]. There were two highly
contaminated pipes of the cooling system of the fuel storage pool in the incoming corridor of NPP A1. After radiation monitoring of the corridor it was clear that more than 95 % of total dose rate values
come from these two pipes of the cooling system.
The inlet pipe (carbon steel, <>
f 260 - 320 mm, 9 m long) of the cooling system was decontaminated in
four cycles and seven water-rinsing steps were applied. The volume for one cycle was about 600 litres.
The outlet pipe (carbon steel, <j) 150 mm, 35 m long) was decontaminated in one cycle with two waterrinsing steps.
Dose rate values in contact with inlet pipe before and after decontamination are given in the table 1.
Table 1: Dose rates on inlet pipe of cooling system

Measuring points

Dose rates before
decontamination
[mGy/hour]

Dose rates after
decontamination
[mGy/hour]

DFparc.

1A

6.3

0.6

10.5

IB

8.6

0.7

12.3

2A

8.2

0.45

18.2

2B

9.1

0.7

13

3A

10.6

0.3

35

3B

11.5

0.4

28.7

-171 -

4A

11.9

0.35

34

4B

11.0

0.3

36.7

5A

12.9

0.4

32.2

5B

16.5

0.45

36.7

6A

12.1

0.2

60.5

6B

13.6

0.15

90.7

7A

9.4

0.3

31.3

7B

9.7

0.2

48.5

8A

11.5

1.1

10.5

8B

11.2

0.95

11.8
D F = 31.9

*A - midpoint of pipe
The total activity removed from the inlet pipe was about 3.1010 Bq, 30 % of this activity was trapped
on filters.
In the neutralisation phase of the spent decontamination solutions the chemical decomposition of
HCOOH was verified using H2O2, which is able to decompose HCOOH to CO2 and to neutralise the
solution. The amount of chemicals in the radioactive waste may be reduced up to 5 times.
After decontamination and dismantling, the cut pipes were decontaminated in the bath using a
chemical solution with simultaneous action of ultrasound. More than 95 % from total surfaces of pipes
were decontaminated below 0.3 Bq.cm"2.
The possible saving of the direct collective dose equivalent was about 80 man.mSv for performed
work with pre-dismantling decontamination in comparison with estimated work without
decontamination. The realised work has gained great acceptance from the NPP A-1 and from the Nuclear
Authority. The results have shown a practical, safe, flexible, fast and cost effective way, how to go forward,
step by step, in decommissioning of heavily contaminated NPP A-1.

REMOTELY OPERATED DEVICES
In an effort to minimise occupational radiation doses, several remotely operated devices capable of
performing monitoring and decontamination operations in high radiation areas were developed.
One of them is the mobile remotely operated device MT-15 equipped with a jointed manipulator
(Figure 2). This manipulator has got four levels of freedom and the fifth one is the movement of the
device itself. The manipulator enables the following movements: rotation of the manipulator, upstroke of the main and auxiliary arms, vertical and horizontal inclination of the wrist, rotation of the
wrist and opening of the jaw (0 - 260 mm). The maximum load of the manipulator is 15 kg. The
-172-

manipulator on the mobile cassis can be replaced with the decontamination extension, the monitoring
extension or with the tool system (pneumatic grinder, drill, drilling hammer, scissors, nut tightener).

Figure 2: The remotely operated device MT-15
The remotely operated device MT-15 with the jointed manipulator was used for the removal of objects
stored in the room No. 459 before its decontamination. This room was heavily contaminated by
highly radioactive liquid medium during the conditioning the spent fuel for the transport to the
reprocessing plant. A number of different objects were freely stored in this room before its
contamination. The dose rates inside the room reached the values up to 80 mGy.hour"1.
The objects were moved step-by-step out of the room and restored into the transportable container.
When filled up, the container was transported to the fragmentation workplace. The control centre was
established on the place with minimal radiation intensity. From this point on the operators controlled
the mobile device and jointed manipulator by means of control components and wireless transmission
of picture. The removal of objects was done in 20 working shifts (4 hour net working time) and about
120 items were removed from the room. The occupational dose of operators was minimal.
After the removal of the objects, the floor remained the most contaminated part of the room. The floor
was covered with relatively thick layer of contaminated dust. Another remotely operated device DOVDeco with a decontamination extension was used for the decontamination of the floor (figure 3).

Figure 3: Remotely operated carriage DOV-Deco
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DOV-Deco is a remotely operated carriage. Owing to the four-wheel drive, the carriage moves
forward, backwards, to the left as well to the right. The carriage is connected with a control unit
through an electrical cable. A TV-camera is installed on the carriage and its signal is fed to a monitor
on the control unit. The basic technical data of the carriage are as follows:
Weight:
Length:
Wide:
Height:
Supply:

23 kg
520 mm
370 mm
220 mm
12 V, DC.

For the decontamination of larger horizontal areas the carriage is equipped with decontamination tool
that combines two jobs in one operation - efficient cleaning using high pressure water together with
controlled removal of spent water and loosened contamination by vacuum. The high pressure systems
uses high energy water jets at flow rates of up to 16 dm^min"1 and pressure up to 250 bar. The water
flows through a high pressure rotary joint to a spray bar. The spray bar rotates as a result of the
reaction force of the water jets and nozzle configuration ensures an even distribution. The removed
contamination and used water is suctioned by vacuum unit and is trapped in collecting drum that is
integrated into the suction way, between the decontamination tool and vacuum unit. Suction and
suction seal design ensures no escape of water during the right operation.
After repeated decontamination of the floor with DOV-Deco the smearable contamination on the floor
dropped under 3.0 Bq.cm"2 and the radiation situation in the room got better so that workers were
allowed to enter the room.
The decontamination extension on the device DOV-Deco could be replaced with monitoring
extensions with 8 or 10 telemetric dosimeters installed in different positions. So equipped device is
used for the detailed mapping of the radiation situation in high radiation fields without entering the
area.

CONCLUSION
The decommissioning of the NPP A-l after the accident is a task where the optimisation of
radioprotection has to be applied, and where dose reductions can be gained by appropriate actions and
analyses. The detailed mapping of the radiation situation, non-active tests and training of working
operations and remotely operated devices and procedures are the most important.
Some developments still have to be made, and the approach of the internal contamination should also
be considered in such operations.
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Abstract. The 500 MWe gas graphite reactor Vandellos 1 is being decommissioned to a Stage 2 status. The
Stage 2 in this particular case involves the dismantling of almost all structures and components outside the
reactor vessel. The vessel itself will remain, after removal of fuel, with its internals, until the end of the
dormancy period. By achieving Stage 2, about 80% of the site will be released. During the operation of the plant,
the graphite fuel sleeves were stored in three concrete silos on site which included about 1000 tonnes of graphite
and activated metal pieces. ENRESA started the decommissioning of the graphite silos in 2000.
Decommissioning involves the dismantling and removal of equipment from each cell, the decontamination for
the cell walls, ceilings and floors and the dismantling of the ventilation system. These activities were followed
by a complete radiological monitoring in order to obtain the release of the remaining structures and proceed with
its demolition. This paper provides an overview of the decontamination and decommissioning activities related
to the graphite silos at Vandellos 1 and describes the efforts made to improve safety through the use of
innovative technologies. In addition, the strategy to be followed for the safe management of the graphite waste is
also described.

INTRODUCTION
The Vandellos 1 nuclear power plant (497 MW, graphite-gas reactor) is located in the province of
Tarragona and is the only natural uranium-graphite-gas nuclear power plant in Spain. The plant was
shutdown in 1990, after 17 years of operation, following a fire in the turbine-generators.
ENRESA* was commissioned to undertake the decommissioning of the plant and took responsibility
over the site in 1998. The chosen decommissioning alternative was to achieve an IAEA level 2, which
involves the dismantling of almost all structures and components outside the reactor vessel. The vessel
with its internals and the biological shield will remain, after removal of fuel, until the end of the
dormancy period. By achieving level 2 at the end of 2002, about 80% of the site will be released.
During the dormancy period, which is planned for about 30 years, the site will be under surveillance,
and the radiation inside the reactor shield will decay to levels which will facilitate the complete
dismantling (IAEA level 3) at minimum radiological costs.
HISTORY OF THE GRAPHITE SILOS
Gas-cooled reactors generate large quantities of graphite wastes, mainly in the form of spent fuel
sleeves. Spent fuel sleeves are of cylindrical shape, have dimensions of 60 cm in length and 13,7 cm in
diameter, and include a stainless steel seat wire in one of its ends.
During the operation of the Vandellos 1 plant, graphite sleeves were stored in three concrete silos on
site (Figure 1), which included about 1000 tonnes of graphite and seat wires. Each silo has dimensions
of 24 m x 7.20 m x 8,70 m. Concrete walls are 0,75 m thick and upper and lower slabs are 0,80 m
thick.

Empresa Nacional de Residuos Radiactivos
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Figure 1: Aerial view of graphite silos
In 1995, prior to the start of the decommissioning activities, the graphite sleeves were removed from
the silos and conditioned into high integrity containers which were placed in a temporary storage
facility on site. This recovery and cleaning process, implemented by the owner of plant HIFRENSA,
consisted of the following sequence of operations:
Recovery of the waste from inside the silos using a mobile enclosure and a
telemanipulator.
Transfer of the waste to the processing unit.
Processing of the graphite waste where the graphite sleeves were crushed, the seat wires
were separated and graphite and wires were placed in different containers.
Transfer of the waste containers to a temporary store on site. (Figure 2).
Final clean up of the silos.
As a result of these operations, two of the silos were cleaned to radiation levels up to 0,5mSv/h and the
remaining one to levels close to 5 mSv/h.

RADIOLOGICAL CHARACTERISATION OF THE SILOS
Sampling and radiological monitoring of the inner surfaces of the silos indicated that the main
contaminating isotopes were 3 H, 14C, 55 Fe, 59 Ni, 63Ni, 60 Co, 90Sr, 137Cs, 154Eu,, 234 U, 238 U, 239 Pu, 241Pu y
241

Am. Radiation levels inside the silos were mainly due to Co,

Cs and

Eu.

In addition, core samples were taken from the walls and floors in order to quantify the in-depth
contamination of the material. After crushing and milling, analyses of the core samples indicated that
the contamination had penetrated deeper in the floors and the lower parts of the walls up to 4 to 5 cm.
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Figure 2: Temporary storage on site
In the upper part of the walls and the ceilings, the penetration of the contamination was variable from
a few millimetres to 2 cm.
As a result, it was indicated to adapt the technical decontamination approach in order to segregate the
surface layer from the main part of the walls. As such, only the material resulting from the removal of
the surface layer should be considered as waste.

DECOMMISSIONING WORKS
ENRESA started the decommissioning of the graphite silos in 2000. The aims of the decommissioning
works were to limit radiation risks to the workers and the population according to the universal criteria
of the ALARA principle and to decommission the silos up to a level where no controls on
contamination and radiation are required any longer in view of a conventional demolition.
Decommissioning involves the dismantling and removal of equipment from the silos, the
decontamination of walls, ceilings and floors, and the dismantling of the ventilation system. These
activities were followed by a complete monitoring for unconditional release of the remaining
structures. Most of the work involved hands-on operations under protective clothing, due to the high
levels of radiation and the presence of alpha contamination in equipment and building surfaces.
Specific breathing and air ventilation systems were provided to enable the operators to carry out the
decommissioning tasks in acceptable working conditions.
The decommissioning approach was very much influenced by the principle of waste minimization and
specific actions were taken to achieve this goal and improve working conditions, such as:
Improve concrete decontamination methods using adapted techniques with higher and
more efficient working rates and lower waste production.
Do not favour techniques that are labour intensive, difficult to handle or difficult to
automate.
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Develop industrialised systems for decontamination works reducing the exposure and
physical load on the operators.
Increase the work efficiency by introducing adapted automated techniques and improved
working circumstances.
A self-propelled floor shaver was successfully used for the decontamination of the concrete floors.
These techniques use a diamond tipped rotary cutting head designed to give smooth surfaces which are
easier to measure. They show a good efficiency and a 30% reduction in secondary waste production
and reduce the physical load on the operators due to the absence of vibrations.
For the decontamination of concrete walls, where the contamination has not penetrated too deeply (a
few mm.), a handshaver (figure 3) was used. The shaver is equipped with a disk with diamond
segments bonded onto the face of the disk. It has a controlled dust extraction and produces very low
vibrations.

Figure 3: Handshaver for concrete decontamination
When the contamination has penetrated deeper into the concrete surface and layers of a few cm have
to be removed from the walls, the use of shavers is not appropriate as it would require the work to be
done in several steps and would increase substantially the collective doses to the workers. In order to
improve the efficiency in these cases, an adapted milling cutter fit on a raising platform, was used for
the decontamination of the concrete surfaces. Such a tool (Figure 4) enables the removal of a 5 mm
thick layer of concrete in a single pass.
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I:

Figure 4: Milling cutter for wall decontamination
The milling cutter is equipped with a cutting drum and a dust control cover for connection to a dust
extraction system. The dust extraction system captures dust and debris at the cutting tool surface,
minimizing cross contamination, and incorporates a filtering system to recover concrete particles.
Using this technique results in a rather smooth surface, which can be easily measured using
clearance's method.

STORAGE OF GRAPHITE WASTE
A new storage facility dedicated to the graphite is now being built on site. This facility is located
inside the reactor building and is designed to accommodate about 300 graphite waste and seat wires
containers.
The layout of containers and the method and sequence for placing them within the facility have been
designed to minimize the doses to the workers and the public.
The facility is equipped with the auxiliary systems required by the regulations and will be under
surveillance and maintenance during the dormancy period.

CONCLUSIONS
This paper has presented an overview of the decommissioning and decontamination activities
performed for the graphite silos of the Vandellos 1 nuclear plant. Special emphasis has been placed on
the use of automated industrial technologies, which minimize waste production and improve
efficiency and working conditions.
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Abstract. The Nuclear Power Plant of Vandellos 1, a gas-graphite reactor (GCR), started operation in the 70's
after 17 years running the decommissioning process began in 1998, and is expected to finish at the end of 2002
with the level 2 of decommissioning with a practically total scope reached, except the concrete reactor vessel and
its internals that will remain for another 25 years in surveillance state (dormancy) until their total dismantling.
During the last four years the activities related to decontamination and disassembly of the power plant system as
well as the management of all this material have been carried out. One of the last phases of the project that will
be performed this year, without doubt, one of the most representative of the operative difficulty of the task is the
disassembly of some buildings which are more than 80 meters high and with some structures weighing more
than 3.0001, an operation, which is spectacular in terms of volume and mass involved. However one has to keep
in mind that it has been preceded by the of clearance process of all these structures to be disassembled this
summer. Hundred of thousands of radiological measures will confirm with guarantee that the destination of the
dismantled materials is the correct one, assuring the protection of people and the environment. This is a process
which has to integrate the principles of radiological safety and industrial safety. First, it has to be guaranteed that
structures and components are below the values authorised by authorities for their free release, and, secondly,
that the planned sequence of the process and manoeuvres in the disassembly of these colossal structures assures
safety.

DESCRIPTION
Physical Description
The reactor building (Photograph 1) is a rectangular construction whose dimensions are approximately
42 m x 54 m and 82 m in height including the part belonging to the irradiated fuel building. The
building basically houses the reactor pile, the new outdoor protective structure and the irradiated fuel
building.
The structure of the building, which is metallic, consists of a set of 3 portals that are articulated at the
base and strengthened to withstand horizontal stresses and with supports for the roof and windproof
girders. This structure extends southwards, where there is an additional thatched portal on the outside
of the enclosing walls.
The roof and the walls between elevations +16,00 and +85.80 are of metallic sheet, which is
translucent in certain areas. To the south the irradiated fuel buidling is annexed, as separate entity
independent from the metallic structure of the reactor building and open to it to the top at elevation
+57.80.
The gantry crane is located in the upper part of the reactor building, at elevation +75.00.
In the centre of the building is the reactor pile, which stretches from elevation +8.65 to +57.80. This
has been protected against the weather by a recently constructed metallic enclosure, which runs from
elevation +19.00 to +63.80
The irradiated fuel building, which measures some 42 m x 10 m and 62 m in height, is built of
reinforced concrete from elevation +3.50 to +24.85, and from here to elevation +57.80 is a self-
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contained metallic structure with open areas and areas separated by concrete blocks, the exception
being the testing station, which is entirely made of concrete.
The different rooms in this building have different structural elements, such as reinforced concrete of
considerable thickness, for construction reasons and for shielding. Particularly significant among these
is the irradiated fuel lock, from elevation +11.5 to +24.85, with 2-metre thick walls and forgings, and
the testing station, which runs from elevation +32.0 to the roof, this measuring approximately 6 m x 9
m with 1-metre walls. Demolition is performed above elevation +16.00.

Radiological description
The internal metallic structure and the thatching of the reactor and irradiated fuel buildings, although
they did not contain any radioactive material, are conservatively a part of the Active Parts Dismantling
Plan. Therefore, this material has to undergo a specific process of declassification prior to being
treated as conventional material.
The structural concrete elements of the irradiated fuel building have, however, housed contaminated
material and have served to contain radioactive material, therefore, they have been included in the
Active Parts Dismantling Plan and the Decontamination Plans for Specific Items and Walls. A part of
this material has been managed as radioactive waste and the rest as conventional material following
the surfaces declassification process.

MODELING
In order to address the dismantling of the reactor building in complete safety, it has been modeled with
a view to verifying the stability of its structure in each phase of the dismantling, for the load
hypotheses considered.
The simulated dismantling hypotheses aimed at serving as an envelope for the most unfavourable
conditions that might occur during the disassembly of the reactor structure.
The model is used to check in the field that the removal of the part to be disassembled will not
compromise the stability of the structure.

CONTROL POINTS DURING THE DIFFERENT PHASES OF DISMANTLING
Continuous surveillance is performed on the deformations arising in two significant beams of the main
structure in order to gain insight into the stress status of the structure and facilitate avoiding loads
exceeding those assumed for each of the phases of dismantling,.
The beam deformation is measured by means of axial strain gauges. Given that the loads producing
the maximum stress are those due to winds from the North or West, the control of the deformations is
performed on two beams in the main structure that are considerably exposed to winds blowing NorthSouth and West-East.

OPERATION SCHEDULE
The activities carried out inside the buildings have been scheduled for the spring months with the
greatest meteorological impact (North-west winds). Most of these activities (preparation and
assembly of hoisting tools, cutting, etc.) are pre-requisites for the disassembly of the external walls
and main structures.
Later in the spring, once the Northwest winds have died down and breezes from the East and South
begin to prevail, the disassembly of the external thatching and main structures is addressed. These are
activities in which the wind may have a greater impact, and will be completed by the beginning of
autumn, before the Northwest winds prevail once more.
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During the autumn months, the time of the year when the winds (North-west) blow hardest, the
demolition of the concrete structures of the irradiated fuel building will be addressed.

SAFETY MEASURES DURING OPERATION
Closing of the area where the 8001 crane is working.
Individual and collective protection for the operating personnel.
Displacement of loads as close as possible to the ground and prevention to the largest possible
extent of trajectories passing over the new Protective Device, the Temporary Graphite Store and
the Surveillance and Services building.
Securing of facade plates and of any part of the structure that might have any degree of
instability during the disassembly process.
Daily control of weather forecasts, mainly as regards the wind.
No performance of work with winds exceeding 40 km/h and strict compliance with crane
limitations.
Non-use of cables or slings that have not been checked for possible damage within their
structure.

CONTROL OF DISMANTLED MATERIALS
As has been mentioned above, for the metallic structure and thatching from the reactor and
irradiated fuel buildings to be treated as conventional waste for recycling or reuse it has to be
proven that they are not contaminated before they are released from the site. For this purpose,
radiological measures (Photograph 2) have been taken from representative samples of the
materials to be dismantled, in order to demonstrate that they are below the authorised
declassification levels and to ensure that the radiological impact on the public of such
recycled or reused materials will be negligible.

PHOTOGRAPH 1. 800 T CRANE AND REACTOR BUILDING
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PHOTOGRAPH 2. RADIOLOGICAL MEASUREMENT EQUIPMENT (ISOCS)
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DISMANTLING OF THE OLD BUILDING OF THE REACTOR
The works are divided in 10 big phases that will keep in mind the structural stability, the
climatological conditions, the big weights and surfaces to dismantle and the prevention of risks.
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Abstract. At present Indonesia has 3 research reactors, namely the 30 MW MTR-type multipurpose reactor at
Serpong Site, two TRIGA-type research reactors, the first one being 1 MW located at Bandung Site and the
second one a small reactor of 100 kW at Yogyakarta Site. The TRIGA Reactor at the Bandung Site reached its
first criticality at 250 kW in 1964, and then was operated at 1000 kW since 1971. In October 2000 the reactor
power was successfully upgraded to 2 MW. This reactor has already been operated for 38 years. There is not
yet any decision for the decommissioning of this reactor. However it will surely be an object for the near future
decommissioning programme and hence anticipation for the above situation becomes necessary. The regulation
on decommissioning of research reactor is already issued by the independent regulatory body (BAPETEN)
according to which the decommissioning permit has to be applied by the BATAN. For Indonesia, an early
decommissioning strategy for research reactor dictates a restricted re-use of the site for other nuclear installation.
This is based on high land price, limited availability of radwaste repository site, and other cost analysis. Spent
graphite reflector from the Bandung TRIGA reactor is recommended for a direct disposal after conditioning,
without any volume reduction treatment. Development of human resources, technological capability as well as
information flow from and exchange with advanced countries are important factors for the future development of
research reactor decommissioning programme in Indonesia.

INTRODUCTION
At present Indonesia has 3 research reactors, namely the 30 MW MTR-type multipurpose reactor at
Serpong Site, two TRIGA-type research reactors, the first one being 1 MW located at Bandung Site
and the second one a small reactor of 100 kW at Yogyakarta Site (see Table 1). With respect to the
future nuclear power plant construction, a comprehensive feasibility study and site investigation of the
first plants had been carried out from 1991 till 1997. The Muria Peninsula in the northern coast of
Central Java was investigated and found to be a suitable site for the first plants of a capacity of 7000
MWe. However, this programme was postponed to the year 2030 due to economic crisis.
The TRIGA research reactor at Bandung site was reaching its first critical core in 1964 and operated at
maximum powert of 1000 kW since 1971. The reactor was upgraded into 2 MW power level
successfully in October 2000. This means that the TRIGA Reactor in Bandung has been operated for
38 years and will then be an object for the decommissioning programme in the near future.
In order to anticipate the decommissioning programme for research reactor as well as other nuclear
facilities, the Indonesian National Nuclear Energy Agency (BATAN) establishes a Division specially
performing research and development work as well as services in the field of decontamination and
decommissioning of nuclear devices and or nuclear facilities at the Radioactive Waste Management
Development Center (RWMDC) at Serpong Site, 40 km southwest from Jakarta.
This paper discusses the present status of the research reactor decommissioning programme being
developed in Indonesia pertaining to the present regulation, the management of radwaste generated by
reactor upgrading operation, and the strategy of decommissioning.
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REGULATION
The Act number 10 year 1997 on "Nuclear Energy" demands that the regulatory body for the activities
on nuclear energy in Indonesia be in the authority of an independent body called BAPETEN (National
Nuclear Regulatory Board) [1J. The same act further dictates that BATAN, according to the previous
nuclear energy act performing as regulatory body as well as exuting body, assumes its function as an
executing body only in performing research, development and application of nuclear energy.
Consequently, the permit to perform decommissioning of research reactor should be applied to
BAPETEN. According to the act, the owner of any nuclear installation, including research reactors
should possess permits for construction, operation and decommissioning of their facilities,
respectively. The responsible person for performing decommissioning of research reactor, based on
this regulation is the owner of nuclear installation.
In order to obtain the above permit, the owner of the nuclear installation to be decommissioned has to
apply it from BAPETEN, by attaching documents such as decommissioning planning, schedule, and
safety analysis report [2,10]. The safety analysis report shall contain information such as:
Inventory and classification of radionuclides;
Analysis of document status;
Decontamination and decommissioning technology to be applied;
Radiation protection programme;
Schedule;
Quality assurance programme;
Criteria for contamination limit; and
Radioactive waste transportation.
The mechanism for applying for such permit and decommissioning procedure is presented in Figure 1.

DECOMMISSIONING STRATEGY
The decommissioning process for research reactor basically has 3 phases. The first phase is
mothballing which is defined as the safe store through controlling the nuclear facility. The second
phase is entombment, which is defined as a restricted re-use of the site. The third phase is dismantling
which is defined as removing all components followed by the restoration the site for an unrestricted reused. Based on those 3 phases of decommissioning, there are two options for executing
decommissioning programme, namely early decommissioning and delayed decommissioning [3].
Figure 2 shows the procedure for decommissiomng of the research reactor according to these two
options. Merits and demerits of early and delayed decommissioning are presented in Table 2 [4].
There are several criteria for selection of the decommissioning options. These criteria are different
from one country to the other. They are, namely [5,11]:
1.
2.
3.
4.
5.
6.

Availability of repository for radwaste disposal
Re-use of reactor site for other purposes
Escalation of disposal cost
Technological capability for decommissioning
Financial capability
Social support

A preliminary study for the development of decommissiomng strategy for Bandung TRJGA Mark II
Reactor based on the above criteria has been conducted. The study was done by referring to the
international experiences as well as domestic data calculated based on weighting and scoring method
[12]. The study concludes that for Indonesia an early decommissioning is recommended. This option
is more favourable by taking into account the fact that in the near future the radioactive waste
repository will be available, the reuse of the reactor site for other nuclear installation is possible, and
the land price is high. It is more advantageous, therefore, to adopt an early decommissioning, than re-186-

use the site for other nuclear installation. Some cost calculations based on the Indonesian findings
show that an early decommissioning is more attractive and cheaper than any delayed decommissioning
[5]. Decommissioning strategies in several Asian countries as well as Indonesia's concept are
presented on Table 3.

FACILITIES FOR SUPPORTING REACTOR DECOMMISSIONING
In order to support the implementaton of the early decommissioning strategy discussed above,
RWMDC has been developing methods and equipment for decontamination, dismantling and
decommissioning management. At RWMDC there are several devices for radioactive waste
management as well as for decontamination of nuclear devices namely sand blasting, chemical
treatment, ultrasonic, evaporator, incinerator, interim storage for low and intermediate wastes, and
shallow land radwaste repository for the near future.

Sand Blasting
In order to avoid crude or corrosion product, fat or oil, carbon, phosphate or for marking purpose and
surface finishing, RWMDC has installed one unit of wet sand blasting system of Vaqua-D type. This
apparatus is used both for research and development purposes and process optimisation for
decontamination. Serial tests have been done in order to optimise process parameters such as
abrassive concentration, distance and angel spot, type and size of sand, etc.

Chemical Treatment
The chemical method is effective for decontamination of medium and big devices. Usually chemical
substances used as decontaminant in this methods are acid, oxidator, reductor, dispersant, etc.
RWMDC has installed one unit of immersion tank with 200 x 60 x 110 cm size, enough for 1000 litres
of water. For accelerating the decontamination process an immersion tank is connected with pipe
from boiler and circulation pump under feed flow of 750 1/h. Serial tests have been carried out in
order to optimise the process parameters such as homogenisation, temperature, steam pressure, type
and concentration of decontaminant, etc.

Ultrasonic
The ultrasonic method which applies bubble phenomena for accelerating the decontamination process
is adopted in RWMDC. The Crest Ultrasonic Cleaner IM-3310 type has been installed. This method
is effective for the decontamination of small size objects. Ultrasonic unit contains 2 generators, 2
transducers, each of 40 kHz, and one immersion tank of 51 x 46 x 50 cm. Chemical substances used
in this method are EDTA, HNO3 or detergent.

Hot Cell
For dismantling or decontamination of devices or apparatus with high exposure dose one uses the hot
cell with manipulators.

Evaporator
For volume reduction of liquid waste as well as liquid secondary waste from decontamination process,
RWMDC operates one unit of evaporator for a maximum concentration of 0.02 Ci/m3 with operating
capacity of 0.75 m3/h. The unit is designed to reduce waste volume to a maximum ratio of 50:1,
depending on the initial salinity.

Incinerator
In order to burn solid and combustible radioactive waste, RWMDC has installed one unit of
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incinerator with a capacity of 20 kg/h and also 2 cementation units for conditioning ash and solid
wastes. The activity limit for this unit is 10"4 Ci/m3 for alpha emitters and 10"2 Ci/m3 for beta-gamma
emitters.

Radwaste Repository
RWMDC in near future has been planning for operating a shallow land disposal site for low and
intermediate radioactive wastes generated from the present nuclear programme. The potential site is
located near south Jakarta, at a distance of 30 km from the Serpong site. The the site is approximately
located 90 m above the mean sea level. At a distance of 200 m to the south-south east (SSE) from the
repository there is a small river (river Cisalak) and 800 m to the south-south west (SSW) there is river
Cisadane. The repository is a concrete vault type with 11 x 11 x 2,5 m size. The vault was designed
for containing 300 waste concrete shells, each of 950 litre volume or 1425 drums each of 200 litre
size. The total activity of each shell is estimated to be 6 Ci, hence the total vault activity equals to
1800 Ci [13].

MANAGEMENT OF RADWASTE FROM REACTOR UPGRADING
Inventory
The inventory taking of the radwastes generated from the activity of upgrading of the Bandung
Research Reactor has been done. This project was performed in parallel with the reactor upgrading
activity in May 1996 and in 2001 for radiation dose survey. From a series of measurements it was
known that the radiation level in the core components varied from place to place. Table 4 shows the
radiation level of the reactor core [6]. The number of spent fuel elements in May 1996 is 204. This
fuel elements will be re-exported to the USA. Table 5 shows the radwaste inventory generated from
the upgrading process, include the reflector, reactor internal components, neutron collimator, etc.

Reflector
The most important waste — based on the radiation dose level and weight — is the graphite reflector.
The cylindrical reflector has outer and inner radii of 65 and 20 cm, respectively and a height of 140
cm. The graphite reflector is covered by a metal shroud of Al 6061-T651. The total weight of it is
2500 kg. Through activation analysis the main radionuclides in the graphite are found to be H3 and
C!4. On the other hand, the radionuclides present in the metallic shroud mainly are Co60 and Cs137.
In the initial plan, the graphite reflector would be re-used. Therefore, after dismantling the reflector
was scheduled for decontamination. A study for chemical decontamination of the reflector was
accordingly conducted. In this study, NaOH, H2C2O4 and HNO3 at room temperature were adopted as
decontaminants for cleaning the reflector [7]. The result shows that the reflector surface could be
cleaned clearly. Table 6 shows the surface condition after decontamination for a few decontaminant
compositions. Figure 3 and Figure 4 show the relation between the surface decontamination and the
decontamination time for each decontaminant. The figures show that 2% of HNO3 and 3% of NaOH
is a good decontaminant for Al reflector shroud. Thin surface of the reflector mainly comprising
159.84 |im of scale could be removed for a 180-minute decontamination time. Generally, the surface
decontamination is linearly co-related to the decontamination time.
Upon decontaminaton, however, the radiation exposure rate of the graphite reflector still remained
unchanged. This problem had been predicted since there were activation products still remaining in
the metal shroud as well as in the graphite reflector. Through activation, the radionuclides in the
graphite were H3 and C14. On the other hand, the radionuclides in the metallic cover mainly were Co60
and Cs137.
In the intermediate phase of upgrading process — owing to the difficulties in re-installing old reflector
in the core due to haigh radiation exposure — the reflector was finally replaced with the new one.
Therefore, the changed reflector was then considered as a solid radioactive waste.
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In the future, it is better to dispose of the reflector directly or to condition it after cutting before
disposal in the shallow land burial. Either one of these methods is recommended due to fact that the
graphite weighs less than 2.5 tons (the density is 1.7 g/cm3). This weight is far smaller by a factor of
160 than the limit for disposal of graphite in Japan. Japan decides limits for H3 and C14 in the Rokasho
Mura shallow land burial as follows [8].
H3

= 3.07 x 10" Bq/ton or for total in vault is 1.22 x 1014 Bq

C14

= 8.51 x 109 Bq/ton or for total in vault is 3.37 x 1012 Bq.

Based on the above limit the shallow land disposal could accept graphite of about 390 tons. The same
consideration is also developed in UK and Spain [9].

Other Components
The management of reactor upgrading waste for the near future will be implemented through
conditioning of the radwaste with cement matrix into a 200-litre drum with or without Pb shielding on
conditioning in a 350-litre concrete shell. Based on the surface radiation level, the waste classification
for conditioning could be developed. Table 7 and Table 8 show the classification of the reactor
upgrading waste for conditioning. Most of the radionuclides in the reactor upgrading wastes are the
activation products such as Co60, Mn54, Zn65, Cs134, Se75, Sb124, Mo", and Tc99m.

Future Programme
Until now the Bandung reactor owner has not decided to decommission yet. However, for the next 10
to 15 years, perhaps he may decide it. In order to anticipate this situation, a preparation programme in
human resources, development of technological capability as well as information flow from and
exchanged with advanced countries are important factors for present stage of development in
Indonesia.

CONCLUSIONS
From the above description, it can be concluded that:
1. The regulation for the decommissioning of research reactor is already issued and Indonesia has
established a nuclear regulatory body from the nuclear energy implementer, from the former the
decommissioning permit has to be applied.
2. Early decommissioning of a research reactor for a restricted re-use of the site for other nuclear
installations is favourable for Indonesian situation.
3. Classification of reactor upgrading wastes for conditioning has been developed. A direct disposal
of graphite reflector after conditioning in a shallow land disposal site is recommended.
4. A preparatory programme for the development of human resources, technological capability as
well as the establishment of information inputs from and exchanges with the advanced countries in
waste and decommissioning technology are important factors to develop Indonesia's capability.
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Table 1. Research reactor data in Indonesia

Supplier

Type

Power

Criticality

Status

1. Bandung

GA

Triga

2000 kW

2000

In operation

2. Yogyakarta

GA

Triga

100 kW

1979

In operation

Interatom

MTR

30 MW

1987

In operation

Location

3. Serpong
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Table 2. Merits and demerits of early and delayed decommissioning
Early decommissioning
Merits

Demerits

1. Shortened
the
completion
decommissioning for site re-use

of

1. Repository for radwaste is necessary
2. High radioactive inventory and costly

2. Adequate staff and document still
available
Delayed decommissioning

1. Better decay of radioactive inventory
2. Easier
decontamination
dismantling method

1. Need 25-50 years for using the site

and 2. Maintenance and control of active
device for a long time

3. Cost reduced

3. Qualified staff retired
4. Document keeping

Table 3. Decommissioning strategy in several Asian countries
Country

Decommissioning Strategy

Japana

•

Dismantle and remove as soon as possible after shutdown and the
site ground should be effectively re-used for next nuclear power
plant

•

cooling period of 5 - 10 years

•

immediately complete dismantling after cooling period of 5 - 10
years

•

simultaneous decommissioning of a couple of nuclear power plants

•

financing by the existing resources fund method

•

BATAN responsible for research reactors decommissioning.

•

Responsibility for decommissioning nuclear power plant lies on the
shoulder of the owner

•

Immediately shutdown, then delay for 5 - 10 years for cooling
before early decommissioning

•

Re-use the site for other nuclear installation

Koreab

Indonesia
(proposed)
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a) Yanagihara, "Review of Decontamination and Decommissioning Technology in JAERI", JAERI, Mito,
1998.
b) Won Zin Oh, et al, 1998. "Development of Decontamination, Dismantling, and Site Restoration
Technology for Decommissioning Research Reactor in Korea", IAEA-CRP, Mumbai.

Table 4. Radiation level in the Bandung Reactor core
Radiation level (R/h)

Core components
Top grid

450

80

Bottom grid (1 meter)

10-40

Reflector

1000-2500

Lazy Susan

100-150

Bellow
*) Measured at May 1996

Table 5. Visual surface condition after decontamination
No.

NaOH (%)

HNO 3 (%)

H 2 C 2 O 4 (%)

Surface condition

1.

1

1

-

dark

2.

2

2

-

clean

3.

3

2

5

clean

4.

3

-

-

clean
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Table 6. Reactor up-grading waste inventory
No.

Waste type

Surface
dose**
(mR/h)

Weight
(kg)

Nos

Option for future
waste conditioning

1

1.

Reflector (Al,
Graphite)

14000*

2500

2.

thermalizing
column (pieces:
Al)

3200*

240

cutting and conditioning with cement matrix in
350L concrete shell

4.

Detector
guiding tube
(Al, SS)

1200

50

cutting and conditioning with cement matrix in
35OL concrete shell

5.

Pieces (SS, Al)

1200

50

cutting and conditioning with cement matrix in
3 5 0L concrete shell

6.

top grid (Al)

792

100

2

cutting and conditioning with cement matrix in
200L drum with Pb shielding

7.

bellows (Al)

1.5

2500

1

cutting and conditioning with cement matrix in
200L drum

8.

Klein bellows
(SS)

36

2000

1

cutting and conditioning with cement matrix in
200L drum

9.

Neutron
collimator (Al)

4-138

25-60

3

cutting and conditioning with cement matrix in
200L drum with Pb shielding

10.

spectrometer
collimator (Al)

168

60

1

cutting and conditioning with cement matrix in
200L drum with Pb shielding

11.

spectrometer
collimator (Bi)

100-250

9

3

cutting and conditioning with cement matrix in
200L drum with Pb shielding

12.

beam port (Al)

0.2

200

2

cutting and conditioning with cement matrix in
200L drum

13.

lazy Susan (Al)

57

150

1

cutting and conditioning with cement matrix in
200L drum

14.

ion chamber
(Al)

4-15

29

3

cutting and conditioning with cement matrix in
200L drum

15.

primer coolant
pipe (Al)

0.8

90

1

cutting and conditioning with cement matrix in
200L drum

16.

reactor internal
(Al)

0.02

35-100

14

cutting and conditioning with cement matrix in
200L drum

*) Measured at March 5, 1997
**) Measured at February 21, 2001
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interim storage, then dismantling, cutting and
conditioning with cement matrix into special
drum/box

CN-93[46]

REMOTELY CONTROLLED WORKS IN HIGH RADIATION FIELDS

R. Bernasconi, A. Alaniz, M. Fernandez, D. Amaya
Invap S.E.
Bariloche, Argentina
Abstract. A set of automatic and semiautomatic machines and tools were designed for the accomplishment of
remotely controlled works in high radiation fields on the ATUCHA-I moderator heat exchangers.
The object of this equipment is to carry out works related to the cleaning, inspection and eventual blocking of the
heat exchanger's tubes. Due to the special characteristics of the area, such as difficult access, not much space and
high dose rates, the remote operation of highly trained and specialized personnel with specially designed tools, is
mandatory.
The principal operations consist of:
Equipment manually taken to the area by specialized personnel;
-

. Remote cutting the bolting and cutting and re-weld seals with custom designed equipment;

-

. Remote cutting and re-weld piping connections with equipment on customized tracks,
special supports, drives and commands;
Remote cleaning, leak testing, machining and plugging of the tube sheets with a custommade master-slave/Cartesian robotic manipulators;
Monitoring with video cameras and lighting systems incorporated into the equipment; and
others task as piping stabilization, supporting and moving flanges, re-alignment of seals
and pipes, etc..

Other tasks as complex as those usually carried out during the decommissioning of a nuclear power station.
This paper describes the entire development of this project, starting from the initial work plan to the completion
of the first on-site work carried out at the facility. Including descriptions, drawings and pictures of the custom
designed equipment, description of the performed works and comparisons between the actual doses and
estimated manual operation doses.

INTRODUCTION
Nuclear reactors are increasingly used for the production of electricity and radioisotopes and for
research.
Due mainly to their aging, there has been an increasing need to carry out repair works that were not
sufficiently provided for by the original design. This becomes critical when such tasks involve
working on components located in such a way that even qualified trained personnel can reach them
either with great difficulty or not at all. A situation like this can be compared to the dismantling during
the decommissioning of a nuclear facility. Many difficulties are involved in these tasks, namely, high
radiation doses, cramped areas, hard to reach components, coupled with stringent quality conditions.
To overcome this, equipment, devices, tools and procedures must be developed, which must be
reliable and duly verified.
At the request of the Argentine Atomic Energy Commission (CNEA), INVAP SE developed the
Project REMA (REpair & MAintenance) to be ready for work that was feared would become
necessary on the heat exchangers of the primary's moderator cooling circuit at the Nuclear Power
Plant Atucha I (CNA-I).
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The Nuclear Power Plant Atucha I is a PHWR type whose thermal power is 1179MWth (345MWe)
The plant was designed in the 1960s and has been generating electricity since 1974. The Atucha I
moderator heat exchangers feature piping arranged in a horizontal U-shape, 750 ton/h circulate in the
primary's moderator side (D2O) and 950 ton/h in the secondary (H2O) with the work pressure of 115
bar and mean temperature of 200DC. Each exchanger has the exchange capacity of 55 MW thermal
power.
In the early 1990s the moderator cooling heat exchangers at Atucha I started to show variation of
thermal efficiency. This was attributed to particles and bits of thermal insulation peeling off the inside
of the piping and accumulating on the tube plate and acting as a filter. It was believed therefore that
there must probably be a good amount of solid material circulating in the piping, damaging its walls.
These 20 ton components, sharing close quarters with all the other reactor components, are housed in
the contention sphere and encompassed by concrete biological shielding. There is dearly little space to
access any component (see figures 1 and 2), a condition aggravated by high radiation fields.
Such is the background that led to steps being taken in case it should become necessary, as feared, to
carry out repair and maintenance tasks in this constricted space.

DESCRIPTION
The purpose of the work on the heat exchangers is maintenance, such as cleaning, inspecting and
perhaps repairing, with a view to extending the plant's useful life whilst ensuring that the design
conditions remain unaltered.
In full compliance with ISO 9001 norms which are applied throughout the Nuclear Area at INVAP,
first the Initial Data were established, including the original requirement of CNEA Power Plant CNA I
for an assessment at the site, to tally design drawings with the plant as-built, as well as a selection of
the nuclear norms to be applied.
The initial objectives include:
tasks to be finished in the shortest possible time;
minimum modification of the component;
minimum collective dose;
alternate methods to ensure successful completion of tasks;
unaltered original design conditions (both in function and norm); and
use of as much pre-qualified industrial grade equipment as possible to reduce integration
and maintenance time and costs.
The details of the tasks and the equipment used are described below.

Planning
Once these design parameters had been established, the Conceptual Engineering was carried out and
extensively discussed with the client.
The next step was to define a plan that includes, a schedule of operations, related doses, definitions
regarding alternate methods, detail engineering, construction and integration of components,
procedures, inventory of supplies and spare parts, design of reports and qualification documents,
testing schedules, personnel training programme and costs.
According to the initial objectives every instance of the tasks carried out was planned and supported
by duly qualified procedures, fully meeting technical reliability and time-of execution restraints.
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Training
Special emphasis was laid on training programmes for supervising and operating staff in readiness for
the complexity of the tasks. A great part of this staff remained on the project from the outset of the
design, gaining broad knowledge of the performance of the equipment and the scope of the
procedures.
Following a work schedule and the procedures, all the steps of the tasks were rehearsed at the
simulator, thus all the resources dedicated to the project were tested, individually and jointly. The
training programme makes provision for continued training to ensure proper maintenance of the skills
achieved by the staff, both for the operation of the system and for its maintenance.
All procedures were individually and jointly tested at a one-to-one scale simulator reproducing exactly
the conditions of the work area. The purpose of the simulator was the qualification of all the
procedures involved as well as the training of personnel in charge of the operations.

Control and monitoring
All tasks were controlled and monitored from a control room. A control area 30m distant and on level
with the components was established for the staff. From this area the heat exchangers and support
areas could be reached relatively easily with minimum radiation exposure.
This area was especially useful to house the control systems of the equipment, to calibrate and to
finish assembling devices that were too large to fit through the access pathway. Monitors to determine
accumulated doses to man and machine; video taping system, and control of tritium levels, with signal
and images in the control room helps to control and monitors the tasks.

Shielding
The radiation levels where the work was performed ranged from 0.1 Sv/hr to 0.4 Sv/hr for direct
contact with the system opened. A special shielding was designed and built for staff and equipment
protection. Also special design electronic equipment had to be used due to the high working radiation
level. The shielding was comprised of aluminum modules easy to carry and easy to assemble.
After assembly the modules are filled with water by remote control and thus effective shielding is
achieved for the area (see figure 3).
Shielding for the various pieces of equipment was in each case devised according to the
manufacturers' specifications according to their behaviour under radiation. Admissible doses were
determined to adequately calculate necessary shielding. Tungsten had to be used for some of this
shielding because of the reduced space.

Remotely controlled works
The main operations to be carried out "automatically and remotely", are the following:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

Immobilization of piping;
Fixing of tube plate;
Cutting of entry and exit pipes;
Removal of bolting;
Remotely cutting of welded seal;
Removal of lids;
Cleaning and removal of radioactive residue;
Testing: fluorescein, helium and eddy currents, identification of faulty piping;
Plugging faulty piping;
Helium testing to ensure plug tightness;
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(k) Replacement of lids;
(1) Re-welding seal;
(m) Helium inspection of welded seal;
(n) Replacement of bolting;
(o) Re-welding of piping and tubes; and
(p) Testing the system for tightness.

Positioning of piping
By design, the heat exchanger itself anchors the pipes in place at the point they join the exchanger.
In order to support the larger pipes firmly in place to preclude any shift from their exact position
during the process of cutting or welding, special positioning devices (see figure 4) mounted on
hydraulic buggies that move with precision to the desired location were devised.

Cutting and beveling of piping, bolting and omega shaped seals
To open and remove the entry and exit lids of an exchanger in order to reach the tube plates, all the
connecting piping, as well as the bolting holding them in place, and their welded seals must be cut.
This is carried out by means of a remote control automatic hydraulic system, which cuts and bevels as
needed, leaving surfaces ready for re-welding (see figures 5 and 6).
It is especially important for the edges to be correctly beveled - the success of subsequent welding
depends on it - here, irregularities cannot be remedied by the skill of a worker welding by hand. For
bolts cutting it was an additional constraint of tight space between flanges plus the small height on the
under pass (see figure 7).

Removing of components
Once bolts are cut free and once connecting piping is cut, the entry and exit lids are removed by means
of a remote control automatic hydraulic device (see figure 4). The lids are moved to a position
allowing access to the tube plate for it to be inspected and cleaned.
The lids weigh a ton each, so moving them involves an operation of precision so as to preclude
damage to the seals, later to be re-welded. The device replaces the lids once the tasks at the front of the
exchanger are finished.

Task with master-slave manipulators
As the other tasks, with the sole view of minimizing doses, procedures were devised so that the
devices used to inspect clean and repair could be remotely manipulated.
The custom-made master-slave manipulators are automatic and programmemable Cartesian robots,
moving on three independent axes and registering the 1049 positions corresponding to the positions of
the tubes of each plate. Master-slave manipulators allow mat these tasks were performed with true
precision (see figure 8).

Positioning references
Before starting the manipulators' operation an automatic referencing search is performed. It consist of
two stages of positioning measurements for the reference assigned tubes. In the first stage the operator
performs the positioning-of-a-tube task on 4 tubes using the "manual mode" of control. After that the
manipulators performs an automatic search in order to calculate the X, Y, Z positioning of the plate
and its tubes. After each tooling exchange the manipulators performs an automatic-reference-tubespositioning in order to apply the calculated compensations of coordinates. The manipulators carriages
have precise and steady stops when coming back from tooling exchange, the reference checking
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routine allows for fine tuning of each tool or device.
The tooling exchange is performed on the auxiliary platform, outside the water shielding. On its rail
guided carriage the manipulators are moved to the platform and the shielding gate is closed prior to
personnel access (see figure 3).

Control and positioning redundancy
Different and redundant ways of control and positioning feed-back are implemented, ranging from
totally manual control mode to full automatic programmemable routines, in order to ensure completion
of any tasks.

Cleaning
Particles and bits of thermal insulation peeling were collected while opening the exchanger and
removing the lids. Later on, an specific chemical wash and brushing was performed achieving lower
levels of radiation.

Identification of faulty piping
The size of leak was assessed, by means of theoretical calculations, to be equivalent to a puncture of 9
microns in diameter.
By using non-destructive tests, like helium leak detection and Eddy current testing, one perforated
pipe had been found and 46 pipes were found to have thinning walls.

Beveling and welding of plugs in faulty piping
The perforated tube as well as the 46 faulty detected were plugged.
The whole operation was carried out by using the manipulators loading sequentially the beveling,
special cleaning, plug presentation and welding devices (see figures 9, 10, 11, 12).

Welding of seal and piping
The success of welding is tantamount to the success of the entirety of the tasks. The components must
be returned to their original design conditions, welding hopefully to occur on a once-only basis; there
must be neither failure nor imperfection to mar the operational success of the exercise.
The welding conditions to ensure such success include careful selection and qualification of
equipment, procedure and operator. The equipment chosen is a state of the art automatic,
computerized programmemable TIG device (see figure 13).
This device was modified and adapted to the specific conditions of the tasks. Special care was taken
for its protection from radiation; furthermore it was programmemed in such a way that it could move
in and out of the work area without delay and so that it could be programmemed to weld according to
a range of thickness, positions and materials, (see figure 14, 15, 16, 17)

CONCLUSIONS
One of the two Atucha Nuclear Power Plant moderators "Heat Exchanger" was clean, all debris on it
were extracted.
All tubes were inspected and many of them plugged by using remotes tools.
The Heat Exchanger performance is now similar to the original one.
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The task is deemed as highly significant for the plant's operational reliability and the extension of its
lifetime.
The obtained results confirm the previous estimations related to the suitability of work with remote
tools. This technique avoids unproductive time, reduces the personnel exposure and costs.
The objective of using as much industrial grade equipment as possible was achieved with an
outstanding result in decreasing all the design, construction or integration and also maintenance time
and costs.
As an example in table 1 are presented the real and estimated values of the Collective Doses for
operations with and without the REMA system, showing the doses diminution by using this
equipment.
In spite of the fact that the remote tools were not designed to perform dismantling tasks, the results
show the possibility of designing and constructing tools for cutting, inspection and disassembling of
mechanical equipment.
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Figure 1: Work area upper view

Figure 2: Work area lower view
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Figure 3: Movable shielding in position

Figure 4: Hydraulic devices to support larger pipes and to remove lids

Figure 5: Remove cutting of seal
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Figure 6: Remote pipe cutting and beveling tool

Figure 7: Remote bolts cutting device (between flanges)

•'*,

Figure 8: Calibration of positioning device
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Figure 9: Tube cleaning device

Figure 10: Tube beveling device

Figure 11: Plug presentation device
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Figure 12: Welding-head on master-slave manipulator

Figure 13: Customized TIG seal welding device

Figure 14: Customized TIG pipe welding device

-207-

V.-

Figure 15: Cord in 270 mm tube

Figure 16: Viewfrom monitor of the root cord
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Figure 17: Monitoring of cord passes
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Table 1 Collective doses for operations with and without the REMA system
Procedures with REMA

Procedures
without REMA
t(min)

Dose rate
(Sv/h)

Collective dose
(man Sv)

t(min)

Dose
rate
(Sv/h)

Collectiv
e dose
(man Sv)

Cutting entry/exit
pipes

2400

6x10"2

2.4

400

lxlO"4

7x10-*

Cutting entry/exit
bolts

1440

1x10"'

4.4

1800

ixlO"4

3xlO'3

Cleaning
and
welding plugs

6500

3x10''

3.3

1150

lxlO"4

2xl0"3

Beveling
entry/exit pipes

120

2x10"'

0.04

60

lxIO"4

lxlO"4

Replacing
lids

240

lxlO"1

0.8

24

1x10"'

4x10-2

Re-welding seals

6000

lxlO"1

10.0

180

lxlO"4

3x10'4

Replacing
of
bolts, removal lid
support hydraulic
device

70

1x10"'

0.1

30

lxlO"1

5x10"2

Re-welding
entry/exit pipes

10200

6xlO"2

10.02

800

lxlO"4

lxl 0"3

both

Total collective
dose (man/Sv)

51.7

0.1

Equivalent
persons (1)

2585

5

in

The values presented on this chart represent only the main automatic operations.
The values presented on this chart corresponding to a non-automatic procedure (without REMA) were calculated
as extrapolations of the time spent on tests and rehearsals at the simulator.
(l)To calculate the number of persons participating, the criterion adopted was to set as maximum admissible
dose for a health-physics clean person in a year (20mSv/year)
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Abstract. Dose rate estimates for periods of 100 days and 6, 10, 25, 100 years after the shut down of the
Romanian VVR-S reactor are presented in this paper for some foreseen decommissioning activities which
include: i) cutting the water pipe in the pump room and the reactor sealing operations; ii) extracting reactor
components; and iii) handling and dismantling the internal structures taken of from the reactor. For the reactor
components extracted from the reactor, the considered calculation points were placed in the central plan of the
items, on the surface and at distances from the surface which correspond to +0.2m, +lm, +2m, +8m, and +10m.
Time dependence of the resulted dose rates are presented and discussed. Qualitative comparison with the
measured values from other VVR-S reactors is done. The obtained results assist to develop working procedures
that must be observed during the decommissioning activities.

INTRODUCTION
This work was performed in the frame of a contract with the IAEA and its purpose is to supply
information regarding the conditions of personnel operation in the main areas during
decommissioning. The information can be used to assure the safety of the staff using the ALARA
principles and to get a picture of the various decommissioning options. The dose rates arising from the
whole reactor, after water removal were calculated at the points established together with the Agency,
e.g. on the reactor axis in the center of the reactor (0., 0., 0.) cm, 50 cm over the reactor center (0., 0.,
50.) cm, at the lowest level (0.,0.,-179.) cm, 25 cm under the reactor base plan, in pump room in near
vicinity of the water pipe (0.,0.,-204.) cm and lm from the water pipe (0.,0.,-304) cm, 50 cm in air
from the iron cover compared with an aluminum cover (0.,0.,469.5) cm, and in air at lm from an
aluminum cover instead of the iron cover (O.,O.,519.5) cm. Following the proposed IAEA safe
enclosure strategy for the decommissioning of the Romanian VVR-S reactor, most of the reactor tank
will remain in place, except some internal structures, which will be removed. The dose rates in the air
arising from the internal components, which might be taken out of the reactor, were calculated. These
components may include some piping, the separator assembly, the vessel assembly and the rings of the
iron primary shielding. Obtained results represent a basic input for the dose rates required by the
engineering staff to assist in the planning activities for the decommissioning of the Romanian VYR-S
research reactor.

CALCULATION METHOD
Dose rate calculations were performed using the QUAD code. Photon spectra accumulated in the
reactor were calculated with the ANITA2000 code based on the neutron flux obtained from a twodimensional calculation using the DOR.T programme [1], Neutron fluxes at various locations on the
reactor, which were estimated by MCNP were used to verify the deterministic method. A very
sophisticated algorithm was created to correct photon source values in the horizontal tubes and the
thermal column zones. This programme calculates a weighted mean of photon spectra of the
cylindrical layers imposed by isoflux distribution resulted from previous neutron calculations. The
overlap of perturbation effects due to all tubes was taken into consideration [2].
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Modeling
Entire reactor configuration
To approximate as closely as possible the real reactor configuration, five models were elaborated:
1. A computational model, which includes all reactor vessels, all separator elements, and support and
iron covers, was derived for dose rate calculations arising from the reactor vessels.
Approximations were done to take into account the vessel cavity assigned to the thermal column
in the central band (-51; 51) cm, as well as for the central band (-5; 5) cm corresponding to the
penetration of the nine horizontal tubes.
2. The contribution of the vertical tubes and other removable components to the total dose rates was
assessed using a simple model in which the item was placed eccentrically against the reactor axis
in air
3. The model for the iron and concrete shielding configuration considering an internal empty reactor
zone, i.e. without vessels. This configuration includes the iron shield, the top of the iron shielding,
the iron covers and the concrete,.
4. The evaluation of the dose rates from components of the horizontal tube was performed using a
model, which identically follows the geometric description established for the neutron evaluation,
i.e. a cylinder centered on the tube axis.
5. The approximations made in the thermal column modeling are the same for radioactivity
calculations in order to preserve the information [3].

Extracted components
For the five types of vertical leading pipes (i.e. wet pipe, safety rod pipe, control rod pipe, ionization
chamber pipes), which can be extracted independently, a simple vertical cylinder centered on its axis
was used as the calculation model. The modeling of the separator assembly included its five sections,
as well as two other leading pipes welded together with the assembly. A computational model which
included all reactor vessels (central, middle and external) plus 15 vertical tubes welded with the
bottom of the vessels was used for dose rate calculations arising from the reactor vessel assembly.

Calculations
Five time periods after the shut down of the reactor (23 December 1997) were used in the calculations
to elaborate the decommissioning planning: 100 days and 6, 10, 25 and 50 years. The neutron flux and
further activity calculation modeling for the external vessel was treated separately. The calculations of
the dose rates for the iron shield considered each of the perturbed zones separately. The calculations
for each mentioned configuration were summed to determine the dose rates from the entire reactor.
For the components to be extracted from the reactor, the calculation points considered were in the
central plan of the model, on the surface of the items, and +0.2m, +lm, +2m, +8m, and +10m from the
surface.

RESULTS
For the vessel assembly and the primary iron shielding, three types of results were obtained. These
were for: i) the zone affected by the horizontal tube perturbation, ii) the zone influenced by the thermal
column, exterior to the band corresponding to the vessel hole, and iii) the lateral sides of the hole
inside the central band.
The dose rates arising from the entire reactor is presented in Figure 3. As shown in Figures 1 and 2,
the major contribution (approximate 65% from total result) is due to the vessel assemblies and all
items inside them.
The dose rates arising from the components that will be removed from the reactor are presented in
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Figures 4 to 6.
As is shown in these figures the dose rates decrease rapidly following a strong exponential shape
during the first six years (this behavior is due to 60Co). After six years the dose rates follow a single
exponential low due to the prevalent remaining radioactive isotope,Ni63.
Experimental results are not available. Although the reactor is shut down, the removal of internal
structures has not been accomplished up to now. The measured values obtained will be very useful for
adjusting the results obtained in this paper. Qualitative comparison with the measured values [4-5] of
similar W R - S reactors indicates that our results could be overestimated to one order of magnitude
(see Figure 7 and Table 1).

CONCLUSIONS
Because of the many uncertainties of the primary data and the calculation procedure, the presented
results are only approximate. The adequacy of these calculations can only be verified by actual
measurements. To assist to the decommissioning planning process, the design-engineering staff needs
a basic input of expected dose rates. For such requirements, an order of magnitude estimate of gamma
radiation fields would be appropriated [5]. The obtained results assist to the development of working
procedures that must be observed during the removal and remote handling activities. The conservative
approximations must be taken into account in order to have more precise basic input data needed to
establish the conditions of personnel operation in the working area and to assure the safety of staff
including the ALARA principles.
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Fig. 1: Dose rates from all vessel assemblies
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Fig. 4: Dose rates arising from the
separator assembly
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Fig. 3: Dose rates arising from the entire reactor
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Fig. 6: Dose rates arising from the iron
shielding
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—»—Calculation
tfi Radiological measurements h VKTA Rossendorf, Germany
Q Radidogical measurements in KFKt Budapest, Hungary
—I

8

0

1

1—

10

Distance in the air (m)

/g. 7: Dose rates from reactor vessel (thermal column level) 3 months after shutdown

Table 1. Dose rate (mSv/h) at lm in the air 3 months after shutdown of the VVR-S reactor
KFKI (Hungary)

Component
Control rod pipe
Ionization
pipe
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Abstract. The paper consists in a waste study of the Romanian W R - S reactor which will be prepared for
decommissioning operations after the permanent shutdown (23.12.1997).
Calculations were carried out to determine the activity arising from neutron activation of structural materials
inside the reactor, considering the design of the facility and its operating rules. To this end, the following method
was used: i) Neutron flux distribution within the reactor was calculated using the DORT transport code, based on
DLC23 shielding library relating to three cylindrical reference systems of the reactor structure: reactor core,
horizontal tube and thermal column; ii) Calculation of the activity of each reactor component at different cooling
times was performed by the ANITA2000 code, using the neutron flux, compositional data for each material and
the power history of the reactor; iii) Unconditional clearance indexes for all material at various cooling times
were calculated using the clearance levels defined in IAEA-TECDOC-855; iv) Total activities and masses by
material type, within the waste category and for each decay time were calculated by summation of the data
previously classified for each reactor component. The resulting activation inventory and waste masses, falling in
IAEA defined waste categories are presented in the paper at periods of 100 days, and 6, 10, 25, and 50 years
after reactor the shutdown. For some components of the reactor as: aluminum central vessel, the central iron
shielding ring, the time behaviour of both the fin spatial activity distribution and the radionuclide contributions
to the total activity are plotted in the paper.

INTRODUCTION
Updated information, new concepts and tools are used to obtain comprehensive results based on
previous work [1] that has been performed in the frame of a contract with the IAEA, Vienna. The
obtained results influence the choice of the reactor decommissioning option and have a strong impact
on the decision when the deferred strategy of the complete dismantling should be adopted.

PRIMARY DATA
Due to the lack of the documentation of the reactor components the necessary physical data needed for
performing the calculations mentioned above were obtained as follows: i) geometry was taken from
the mounting drawings; ii) structural material compositions of the reactor (aluminum, steel, concrete
and graphite) was supplied from the literature [2].

CALCULATIONS
Source Term
Source term distribution of the reactor core was obtained through a two-dimensional DORT
calculation based on WIMSD4 processed effective cross sections.
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Neutron flux distribution
Complex geometry of the reactor structure, was defined relating to three reference systems as follows:
Reactor core reference system (RCRS). This reference system is centered on the reactor core and
all other reactor items (vessels, iron shielding, and concrete shielding) are cylindrical concentric
layers around it.
Thermal column reference system (TCRS).The main element of this system is the thermal
column and its components (graphite plugs, shells, hull, etc.). The cylindrical coordinate system
associated is centered in the reactor core and OZ axis is oriented alongside the thermal column
axis. In this system the components with a cylindrical layer shape are considered as disks of the
same thickness (i.e., reactor core, reactor vessels, cast iron shield, etc.).
Horizontal tube reference system (HTRS). Considering the similar location of the horizontal tube
with respect to the reactor core, the same assumptions concerning the reference and coordinates
system is used.
The DLC23 (22n-18y) shielding library was used for shielding calculation. Two-dimensional
cylindrical calculations by DORT code using P3 S8 approximation for the three reference systems
mentioned above were performed. The flux normalization was made for value 2.1xlO~'3n/cm2sec in
reactor core center at nominal power (2 MW.)

Radioactive inventory
The irradiation history of the reactor core was obtained from thermal energy balance during the reactor
operation life. From the 14600 calendar days 4482 operation days at normal power (2 MW) were
considered. Five intervals after the shut down of the reactor (23.12.1997) were used in the calculation:
100 days, and 6, 10, 25 and 50 years. For all structural and shielding components of the reactor
activation and decay calculations using the ANITA2000 code [3] were performed, based on the EAF99 activation library. Unconditional clearance indexes, for all material at each decay time were
calculated using the clearance levels defined in IAEA-TECDOC-855 [4].

RESULTS AND ANALYSIS
Inside the reactor vessel, the thermal flux distribution obtained from RCRS modeling calculation
(Figure 1) presents good agreement with the experimental values [5]. Very good agreement has
resulted (Figure 2) from the comparison between results of the HTRS modeling calculation and values
obtained via the "unfolding" method SAND-II code based on absolute fission rate measurements [5]
performed in the three biologic tubes from the horizontal tube area. Similar comparison (Figure 3) for
calculations in TCRS gives only qualitative validation of the obtained results because the modeling
does not simulate entirely the experiment [6]. Table 1 shows, for each material, the summary of
masses and activities resulting from the activity calculations, classified according to [4]. Figures 4 and
6 plot the specific activity distribution along the reactor central vessel and a central iron shield piece.
Plots of the total activity from the main isotopes of these components are given in Figure 5 and 7. The
major contribution to the total activity of the reactor structure is given by aluminium components
placed inside the reactor vessel. More then 90% of the aluminium activity (Figure 5) arises from
tritium. 55Fe, 60Co, 54Mn contribute essentially to the cast iron total activity (Figure 7) while 63Ni, 14C,
93
Mo are decisive for long periods. For the first 6 years decay period, the activity arising from concrete
items decreases sharply due to the short-lived radioisotopes, remaining approximately constant for
long intervals due to prevalent contributions of: 4lCa, 14C, 39Ar, etc. Approximate constant activity of
graphite arises mainly from 3H, I4C and 36C1.
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Fig. 4 Specific activity along the central
vessel. Zoom: thermal flux distribution

time after shut-down (years)

Fig. 1: Thermal flux distribution
for RCRS modeling calculation

Fig. 5: Activity arising from the isotopes of
the central vessel component (0<z<2) cm
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Table 1 Activity and masses of VVR-S reactor materials
Decay time/

[years]
LL-LIW
A[Bq]

Aluminum

2.46E+13

LL-LIW

4468

Cast iron

50

1.61E+13

1.23E+13

5.22E+12

1.31E+12

9.14E+04

7.01E+04

4.65E+04

1.19E+04

3870

3870

2585

2585

598

598

1883

1883
5.57E+11

SL-LIW
EW

A[Bq]

25

SL-LIW
EW

m[Kg]

10

0.27

LL-LIW

1.21E+13

2.76E+12

1.98E+12

8.25E+11

L-LIW

5.82E-H)9

2.53E+09

2.62E+08

1.18E+08

EW

m[Kg]

1.17E+08

LL-LIW

18652

18652

18652

18652

SL-LIW

60031

60031

60031

60031

EW

A[Bq]
Concrete

m[Kg]

A[Bq]

18652

60031

LL-LIW

3.45E+13

1.12E+09

1.10E+09

1.05E+09

9.74E+08

SL-LIW

1.61E+12

5.21E+07

5.12E+07

4.90E+07

4.54E+07

EW

5.45E+09

1.77E+05

1.74E+05

1.66E+05

1.54E+05

LL-LIW

175054.5

175054.5

175054.5

175054.5

175054.5

SL-LIW

131438.2

131438.2

131438.2

131438.2

131438.2

EW

282916.3

282916.3

282916.3

282916.3

282916.3

LL-LIW

3.06E+12

2.26E+12

1.83E+12

8.72E+11

3.24E+11

3937

3937

3937

3937

3937

L-LIW
EW

Graphite

LL-LIW
m[Kg]

SL-LIW
EW

Using the unconditional clearance index criteria some aluminium items have a potential for clearance
from 6 years decay time, whilst the cast iron material is clearable after 50 years from the reactor shutdown, (Figure 8). A big amount of concrete from the biologic shield edge can be considered as exempt
waste, even from the reactor shutdown time moment.
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Fig. 8: Clearance index time behaviour of
a cast iron item from thermal column area

CONCLUSIONS
Limited by the uncertainties of the input data and the conservatives of the model approximations the
results obtained in this work should be validated via experimental values.
At this stage they are very useful to analyze and define both the dismantling strategies to be used as
well as the further steps for reactor decommissioning waste management. If acceptance criteria are
observed, non-recyclable wastes will be packed in 2201 drums at the radwaste treatment center in
IFIN-HH Bucharest to be sent to Baita Bihor L&ILW repository.
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Abstract. The W R - S Romania research reactor was operated between 1957-1997, at 2 MW nominal power, for
research and radioisotopical production. The detailed decommissioning plan was developed between 1995-1998,
in the frame of the International Atomic Energy Agency Technical assistance project ROM/9/017. The proposed
strategy agreed by the counterpart as well as international experts was stage 1. In 1997, an independent analysis
performed by European Commission experts, in the frame of PHARE project PH04.1/1994 was dedicated to the
"Study of Soviet Design Research Reactors", had consolidated the development of the project emphasizing
technical options of safe management for radioactive wastes and VVR-S spent fuel. The paper presents the
main technical aspects as well as those of social impact, which lead to the establishment of strategy for safe
management of decommissioning. Technical analysis of the W R - S reactor and associated radwaste facilities
(Radioactive Waste Treatment Plant - Magurele and National Repository Baita-Bihor) proved the possibility of
the classical method utilization for dismantling of the facility and treatment-conditioning-disposal of the arrised
wastes in safe conditions. The decommissioning plan at stage 2 has been developed based on radiological safety
assessment, evaluation of radwaste inventory (removed as well as preserved on site), cost analysis and
environmental impact. Technical data were provided by the R&D programme including neutron calculations and
experiments, radiological characterizing (for facility and its influence area), seismic analysis and environmental
balance during the operation and after shut down of the reactor. A special chapter is dedicated to regulatory
issues concerning the development of decommissioning under nuclear safety. Based on the Fundamental Norms
of Radiological Safety, the Regulatory Body defined the clearance levels and safety criteria for the process. The
development of National Norms for the decommissioning of research reactors and other small nuclear facilities
as well as for restoration of sites damaged by nuclear activities, is in progress. The correct information of the
public regarding decommissioning using advanced methods provides the necessary transparency.

INTRODUCTION
Decommissioning of nuclear installations requests preparatory actions by the owner as well as by the
state authorities (e.g. Regulatory Body, local county government, environmental and health protection
inspectorates etc.) involved. This work includes:
a research programme defined as a scientific support for necessary technical developments of the
project;
elaboration of the detailed decommissioning plan [1];
preparation of the support studies referring to the facility as built report, safety case,
environmental impact, quality assurance (QA) and radiological safety report; and
development of the physical protection arrangements.
Specific nuclear technologies for dismantling as well as techniques for safe treatment-conditioning
disposal of radioactive waste from decommissioning, must be designed according to the proposed
strategy of the project [2].
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Taking into account that the W R - S Romania research reactor (in permanent shut-down since
December 1997) is the first assembly under decommissioning, the Romania Regulatory Body has to
create the legal framework of the process.

RADIOACTIVE INVENTORY OF VVR-S ROMANIA RESEARCH REACTOR
Activation inventory
The radioactive inventory due to activation has been established by neutron calculations using oneand two-dimensional codes (e.g. ANISN, WIMS, DORT). The obtained neutron flux distributions,
collapsed in 3 energy groups, have been used as input data for ORIGIN code.
Neutron measurements have been performed in order to validate calculation results for the reactor
core, reflector, water and concrete biological shielding. The absolute fission rates, measured by means
of miniature fission chambers, Saclay type, have been used to determine neutron flux spectra by the
SAND II unfolding code.
These flux spectra, 620 energy groups, have been broken into 3 energy groups for comparison with
calculation results. Calculation results have been adjusted taking into account the values obtained by
measurements performed on the horizontal middle plane of the core.
The radioactive inventory is presented in Table 1. There are given radioactive waste masses of
aluminum, steel, concrete and graphite, divided on the LLW (low level waste), MLW
(medium level waste) and HLW (high level waste) categories. The activities (in Ci) have been
calculated for 3, 15, 25 and 50 years from permanent shutdown.

-221 -

Table 1 RADIOACTIVE WASTE FROM W R - S RESEARCH REACTOR
3 years
MATERIAL

ALUMINUM

STEEL

CONCRETE

GRAPHITE

TOTAL

10 years

50 years

25 years

LEVEL
Mass

Activity

Mass

Activity

Mass

Activity

Mass

Activity

(kg)

(Ci)

(kg)

(Ci)

(kg)

(Ci)

(kg)

(Ci)

HLW

8.12E+00

3.78E+O0

5.15E-01

2.11E-01

O.OOE+00

O.OOE+00

0.00E+O0

O.OOE+00

MLW

2.64E+03

3.34E+0I

2.32E+03

7.81E+00

1.67E+03

2.55E+00

1.24E+03

I.92E+00

LLW

1.03E+03

7.28E-05

1.25E+03

7.24E-05

1.48E+03

8.15E-05

I.26E+03

5.30E-05

TOTAL

3.67E+03

3.71E+01

3.57E+03

8.O2E+O0

3.15E+03

2.55E+00

2.50E+03

1.92E+00

HLW

1.97E+03

1.35E+03

8.13E+02

1.45E+02

0.00E+00

0.00E+00

0.00E+00

O.OOE+00

MLW

8.02E+04

2.75E+02

7.68E+04

1.19E+02

6.19E+04

1.47E+01

4.55E+04

7.39E+00

LLW

2.11E+03

1.48E-04

6.64E+03

2.98E-04

2.24E+04

6.81E-04

3.88E+04

1.44E-03

TOTAL

8.43E+04

1.62E+03

8.43E4O4

2.65E+02

8.42E+04

1.47E+01

8.42E+04

7.39E+00

HLW

1.10E+02

5.37E+01

0.00E+O0

O.OOE+00

O.OOE+00

O.OOE+00

0.00E+00

0.00E+00

MLW

2.78E+04

1.76E+02

1.21E+04

3.56E+O1

7.86E+03

6.94E-01

5.60E+03

4.25E-02

LLW

3.22E+04

8.36E-04

4.81E+04

2.07E-03

3.20E+03

2.20E-04

2.24E+04

1.26E-04

TOTAL 6.01E+04

2.29E+02

6.03E+04

3.56E+01

1.I1E+04

6.94E-01

2.79E+04

4.26E-02

0.00E+O0

0.00E+00

0.00E+OO

O.OOE+00

0.00E+00

O.OOE+00

0.00E+00

0.00E+00

MLW 1.16E+03

1.57E-02

1.16E+03

1.57E-02

1.16E+03

1.56E-02

1.16E+03

1.56E-02

LLW 2.77E+03

3.74E-04

2.77E+03

3.74E-04

2.77E+03

3.73E-04

2.77E+03

3.72E-04

TOTAL 3.93E+03

1.61E-02

3.93E+03

1.61E-02

3.93E+03

1.60E-02

3.93E+03

1.60E-02

HLW

1.52E+05

1.89E+03

1.52E+05

3.08E+02

1.02E+05

1.79E+01

1.19E+05

937E+00

HLW - specific activity greater than 10"3Ci/cm3
MLW - specific activity greater than 10"9Ci/cm3 and lower than 10'3Ci/cm3
LLW - specific activity greater than 4xlO"13Ci/cm3 and lower than 10"9Ci/cm3

Impurities in structure materials
The main structures of the W R - S Romania research reactor have been made in aluminum and iron,
the biological shielding being made in concrete. The long life impurities in these materials lead to a
significant increase of radioactive inventory. These impurities have been determined by neutron
activation method. The following amounts of impurities are contained in:
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Aluminum

0.30 ppm cobalt

Iron

43 ppm cobalt

Concrete in thermal column shielding

3.9 ppm cobalt

1107 ppm iron

1.1% iron
Concrete in pump room

5.6 ppm cobalt
1.5% iron

The calculated radioactive inventory has been amended taking into account this impurity
determination [3].

DECOMMISSIONING STRATEGY
The strategy was defined and submitted for approval by Romanian specialists and international experts
of the IAEA, in the frame of the Technical Assistance Project ROM/9/017, IAEA, in the document
"Decommissioning Plan of W R - S IFIN-HH Research Reactor". A final review of the
decommissioning strategy is also enclosed in the report made by a common team of experts from the
European Commission and Romania.
The strategy established for the reactor decommissioning up to stage 2 presumes:
removal from the reactor building of nuclear spent fuel and its store in ponds, outside in a special
dedicated deposit named Nuclear Spent Fuel Deposit (DCNU - Romania);
removal of all research equipment and operation tools in the reactor hall and technological areas;
decontamination of the reactor vessel as well as the spent fuel cooling pond in reactor hall and
primary circuit;
dismantling of the primary circuit;
dismantling of internal components of the reactor;
hot cells decommissioning;
decommissioning of the spent fuel cooling deposit (at reactor);
decontamination of technological areas;
auxiliary circuits decommissioning (active drainage system, supplies of water as well as
compressed air);
decommissioning of supply systems, thermal and electric power, as well as of the control system
and its associated automatics); and
decommissioning of the secondary circuit (uncontaminated).
In accordance with the above proposed strategy, the following reactor components should not be
dismantled:
main reactor block (heavy concrete);
reactor vessel (aluminum);
intermediary vessel (aluminum);
separator and fuel support grid (aluminum);
cast iron shielding (iron);
reactor lids (iron); and
vertical channels welded by main reactor vessel (aluminum).
All these components give medium and high radioactivity wastes (MLW and HLW).
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RADIOLOGICAL CHARACTERIZATION
After 40 years of reactor operation there are high radioactivity wastes stored in vertical channels of
biological shielding. More than 70 radioactive experimental devices were characterized, by dose rate
and radioisotopic composition measurements.
The same types of measurements have been used in order to characterize more than 500 objects from
research, stored in the reactor hall.
The technological areas of the reactor have been characterized during its operation (1996) as well as
after its permanent shut down (1998). After the reactor's permanent shut down each technological area
was scanned for determination of surface contamination as well as y dose rate. The specific y
contaminants have been determined in 34 technological rooms (6 rooms were not available) [4].
In the areas with surface contamination exceeding limits for nonrestrictive release, a special sampling
in the contaminated concrete, following in-depth contamination determination was performed. The
sampling depths are 1, 2, and 3 cm, in four places selected by physical characterization of concrete as
well as the contamination level. The measurements made by high resolution spectrometry (the
instrument being absolutely calibrated) show contamination with 60Co in Reactor Hall as well as 60Co
and fission products 137Cs, 134Cs, 69Zn in the room of primary circuit pumps. Their activities exceed the
limits for nonrestrictive releasing [5].
The radiological characterizing works have been extended outside the reactor building in order to
establish the radiological status of waste and spent fuel routes. A special programme of measurements
has been performed in order to define the influence of nuclear activities in the area of the Reactor Spent Fuel Storage - Radioisotope Production Center - Radioactive Waste Treatment Plant. The
vegetation and soil samples have been taken in 18 points of the above mentioned area. These samples
have been measured in the lab. The y dose rate and surface contamination have also been determined
in 120 places in the same area [6].

DECONTAMINATION ACTIVITIES
During decommissioning, decontamination is used to reduce radiation doses and the risk of spread of
contamination by removing a part of the activation and fission products contained in deposits,
oxidation films and dust in the facility to minimize radiation exposure, following the ALARA
principles. Other reasons for decontamination include recovery of a valuable material if free release
can be achieved and/or compliance with the radioactive wastes treatment and repository requirements.
In decommissioning, reduction of the residual contamination is an important objective regardless of
whether or not free release is achieved.
Concerning decontamination activities, the following subjects were treated in the decommissioning
plan:
Selection of a decontamination method or process
Decontamination methods
Chemical decontamination processes
Non-chemical decontamination processes
Selection of the proposed processes
In the primary reactor system, the contamination of the internal surfaces is a result of the corrosion
products deposition including neutron activation radionuclides, fission products and transuranic
elements released from fuel.
For the W R - S reactor preconstruction oxides are presumed to be composed mainly of Al3+, Fe3+,
Fe2+ and Cr3+.
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For the decontamination of the primary circuit, based on experience from similar reactors in
neighboring states (Germany, Hungary, Czech Republic), a three-cycle process at room temperature is
proposed:
Cycle A.

Cycle B.

Cycle C.

nitric acid

0.25-3.00 g/1

potassium permanganate

1.00-5.00 g/1

nitric acid

1.50-5.00 g/1

oxalic acid

1.50-4.00 g/1

citric acid

1.00-2.00 g/1

oxalic acid

0.50- 1.00 g/1

potassium hydroxide

0.40-1.50 g/1

The expected decontamination factor (DF) is between 5 to 15, permitting normal working conditions
during the disassembling activities. For any decontamination performed at the dismantling location
and in the RWTP for each type of surface, a preliminary laboratory testing programme will permit the
selection of the most appropriate procedures.

RADWASTE IN WR-S DECOMMISSIONING
Dismantling
Based on the proposed strategy (2-stage IAEA) we can define the radioactive waste categories:
historical waste that arose from the W R - S Romania reactor operation as well as research
programmes;
waste from the dismantling of the control system;
waste from the main equipment and pipes in primary circuit;
waste from the hot cells (equipment, tools, etc.).
The most important amount of waste is generated by the dismantling of the primary circuit (47 tons
stainless steel; 3.7 tons carbon steel). The equipment in hot cells will provide 3 tons of stainless steel
as well as 2.5 tons carbon steel. The secondary wastes from decommissioning are caused by primary
circuit decontamination, ranging between 120 up to 360 m3 liquids, for 1 to 3 cycles. The wastes from
ion resin exchangers are between 1 and 5 m3.
All these wastes have low activity. The high activity wastes arose from dismantling of reactor control
system (e.g. control rods and their associated channels) and irradiation channels. There are elaborate
dismantling procedures up to stage 3 of decommissioning. The expertise of the older workers
participating in the mounting of this facility was used for defining the technical issues in dismantling.

Treatment, conditioning and disposal of radioactive waste
Aqueous effluents coming from reactor are collected in a buffer tank placed near reactor building
connected by tubes to Radioactive Waste Treatment Plant - Magurele (RWTP) ponds: 600 m3 for
LLW and 40 m3 for MLW. The existing system treats 27 m3 load of wastes. The main treatment
procedures are:
chemical treatment;
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evaporation;
passing the distillate trough ion exchange resin column.
After treatment, collected precipitate undergoes more chemical operations, it is pumped in a concrete
mixing system and sealed in concrete, in containers for long term storage (disposal).
Combustible solid radwaste is burned in an incinerator, the gases are filtered and the ash is collected
and cemented. The solid radwste, which cannot be compacted is directly cemented in standard drums.
The solid waste, evaporation precipitate and radioactive ash are conditioned by cementing in 200 liter
drums. It would be suitable that the solid radwaste from reactor decommissioning to be conditioned in
flasks with volumes greater than 200 liter, in order to reduce the costs of large equipment segregation.
The country is provided with a radwaste National Repository Baita-Bihor legally commissioned for
LLW and MLW.

RADIATION PROTECTION AND SAFETY PROGRAMME
The safety case for decommissioning
The Safety Case is a series of statements, claims and objectives which will ensure that the entire
decommissioning process is conducted in a safe and orderly manner [7,8,9]. The content of this safety
case for the VVR-S Romania research reactor was established according to the Romanian Regulatory
Body preliminary agreement.
The safety case for the W R - S decommissioning project will state at least the following:
1. The risks to the public and the environment will be kept as low as reasonably achievable at all
times. (This usually means radiological risks which is strictly controlled by the Regulations.)
2. The risks to workers will be kept as low as reasonably achievable commensurate with the tasks
they have to perform (This will inevitably be slightly higher than for the public and this is
recognized in the Regulations. Risks will involve radiological and industrial hazards.) [10].
3. Adequate planning is or will be done for all decommissioning processes and must be agreed by
Regulator (CNCAN). Dismantling activities will be done in carefully controlled steps to allow the
Regulator to approve operations or prevent any unsafe procedures.
4. The management of all decommissioning wastes will be carefully controlled and appropriate
storage arrangements will be made until a disposal route is available.
5. Arrangements to limit the spread of contamination will be enforced by procedures and the
necessary equipment.
6. Surveillance, inspection and monitoring of the plant and facilities will be done and reported on at
regular intervals.
7. Assessment of all significant fault conditions and hazards will be undertaken and all necessary
counteractive and mitigating measures will be taken or put in place.
8. Emergency plans will be formulated to ensure that all abnormal conditions or accidents are
adequately coped with.
9. Appropriate QA procedures and document control measures will be instituted. This will include
adequate training.

Legal framework
In Romania, nuclear activities are regulated by Law No.l 11/1996 (republished) regarding the "Safe
deployment of nuclear activities". Regulation aspects of the W R - S Romania research reactor are
related to:
elaboration of the General Norm for Decommissioning of Research Reactors and Other Small
Nuclear Facilities;
-226-

authorizing of the VVR-S Romania research reactor decommissioning stages based on
Regulatory Body provisions and dispositions.
In this respect the following points are requested:
justification of the preferred decommissioning option;
demonstration of the financial capability of the facility owner to finalize the process;
overall scheduling of the decommissioning activities up to free release;
correlation of the clearance levels (conditioned or unrestricted) with the authorizing limits in the
frame of the license.
The radioprotection programme was defined on the basis of the Fundamental Norms of Radiological
Safety (2000), in force in the country.
The environmental protection is managed under the provisions of Law No. 137/1995.

COST AND SCHEDULING
Cost assessment of decommissioning was performed at the level of 1996, within the frame of
Technical Assistance Project ROM/9/017 IAEA Vienna, by the code "Cost Estimating Computer
Programme", adapted for research reactors by Dr. R.I.Smith (USA) as well as by method "Spreadsheet
Approach" by Dr. J.Fitzpatrick (UK). The cost obtained by the first method is 3.4 million USS. The
second method gave a cost of 2.24 million US$. These calculations did not consider the costs for:
the works at reactor building needed for decommissioning;
the equipment and instrumentation used in decommissioning operations; and
the equipment for dosimetric surveillance and control.
The difference in cost evaluation for the above mentioned are due to the different costs of proposed
equipment as well as the level of details in information available in 1996.
CONCLUSIONS
1. The detailed decommissioning plan is completed, but it is necessary to be updated after 4 years;
2. The legal framework of the country can assure the overall safe process of decommissioning up to
stage 3: and
3. In order to implement the detailed decommissioning plan within the frame of the IAEA Technical
Assistance Project ROM001/2003 it is mandatory to define technical procedures and to procure
the equipment.
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Department for Supervision of Industrial and Nuclear Safety
Minsk, Belarus
Abstract: The paper addresses some issues for ensuring radiation safety during the process of decommissioning
the 630 kW "Pamir-630D" mobile nuclear power plant (MNPP). That nuclear power plant consisted of a gas
cooled reactor (weight of 76.5t), gas turbine-driven set (76t), two control units (2x20t), and an auxiliary unit
(20t). The reactor and turbine-driven set were supposed to be put on transport platforms and carried by tractors.
The control and auxiliary units were set on track beds. The "Pamir-630D" was constructed and tested in an
appropriate building. The set-up time was no greater than six hours after all units of the MNPP had reached the
site. The "Pamir-630D" was ready to be moved to another site in 30 hours after the shut down. Service lifetime
of "Pamir-630D" was 10 years: 7 years of storage and 3 years of operation. Operational lifetime was no less than
10000 hours (non-stop operational period was no longer than 2000 hours). Dose rate at the boundary of the
restrictive area was no more than 6.5 mR/h at the time of reactor operation and no greater than 300 mR/h on the
side surface and 1000 mR/h on the end surface of the biological shielding of the reactor, 24 hours after shut
down.

Two pilot prototypes of the "Pamir-630D" were constructed. The first was put into operation in 1985.
The second was not put into operation. The first prototype of reactor was in operational for 3668
hours.
The MNPP was shut down on 26 November 1987 the reactor was cooled by circulating a gas-liquid
coolant in the main loop until 24 June 1998. After that time the reactor was cooled by a liquid coolant
circulated through the auxiliary loop of the accident cooling system of the reactor. The coolant was
removed from all circuits on 22 May 1988 and the reactor was filled with nitrogen and cooled until
removing the fuel.
The reactor unit included: a vessel reactor cooled with "nitrin" gas based on N2O4, biological
shielding, and pipelines with valves. The reactor vessel and other auxiliary equipment were made of
stainless steel. The reactor core consisted of 106 fuel assemblies, each of them contained 7 fuel rods
surrounded by stainless steel cladding with a wall thickness of 0.4mm and a diameter of 6.2mm. Fuel
spherical particles of UO2 enriched to 45% 235U were embedded in a Ni-Cr matrix. The share of nickel
and chrome in the fuel composition was 40%. Additional data are summarised in Table 1.
The reactor was surrounded by four layers of biological shielding:
inner lead layer with a thickness of 100mm;
boron carbide layer with a thickness of 100mm;
lead layer with a thickness of 100mm; and
outer borated polyethylene layer with a thickness of 620mm.
Annular clearances between layers were used as air ducts to cool the biological shielding.
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Table 1 - Reactor data
Parameter

Value

Material of moderator and reflector

Zirconium hydride

Fuel

UO2, enriched to 45%

Construction material

Stainless steel

Material of reactor control rods

2ii

U

Eu2O3

Burn up, %

14.3

Weight of 235U in reactor core, kg.

18.7

Height of the reactor core, mm.

500

Diameter of the reactor core, mm.
Coolant
Coolant flow rate, kg/s

506.7
"nitrin" base on N2O4
5.68

Maximal temperature of, Cu:
fuel rod cladding

700

moderator

570

fuel

1150

Coolant temperature, Cu:
inlet of reactor

189.5

outlet of reactor

503

Weight of the reactor core, kg.

5700

The turbine-driven set consisted of the turbine, electricity generator and auxiliary equipment to
maintain coolant quality in accordance with appropriate chemistry requirements. All parts of the
turbine unit were made of stainless steel.
The decommissioning plan included a short period of preparation for disposal followed by the
dismantlich of the reactor and turbine units and the safe long-term storage of spent fuel in an
appropriate storage facility. All procedures for decommissioning were thoroughly prepared to protect
the personnel against radiation and to meet the nuclear safety requirements. Special equipment was
designed and constructed to unload the reactor core and to dismantle the reactor and turbine units. All
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persons involved in the decommissioning activities were made familiar with the "Pamir-630D" site
and the safety procedures for the safe and effective performance of their duties,
Dismantling of the reactor unit was carried out after the following actions were accomplished:
cooling core after shut down;
mounting of unloaded fuel equipment;
removal of spent fuel; and
reactor cleaning (removal of remaining coolant).
A decommissioning plan was designed for each procedure. In the process of the fuel core unloading,
the personnel were provided with individual dosimeters, including those in case of an emergency. The
constant two-side connection between the reactor cavity and control room was set up. Radiation
monitoring was ensured from the moment of unloading the fuel assembly till its loading into the flask.
In the process of unloading the active zone the personnel was provided with individual dosimeters,
including those for emergencies. The constant two-side connection between the reactor cavity and
control room was ensured. Radiation monitoring was ensured from the moment of unloading the
cassette from the active zone until it was placed into the container. Within the reactor, core
environment samples were constantly taken to identify presence of radioactive aerosols.
Personnel not involved in activities related to the unloading was not permitted to be present within the
reactor core. During radioactive equipment dismantling, end-pieces were prepared and welded to
coolant circuit piping.
The following measures contributed to the safety ensurance during nuclear fuel unloading,
transportation and storing: proper organization of all activities, observance of the safety requirements,
use of a protective system (EKRAW), use of transport containers and fuel storage of special design,
and continuous radiation monitoring. When contamination was detected above pre-established limits,
decontamination procedures were applied.
Average calculated occupational dose during the most dangerous operations from the safety point of
view was approximately 140uSv/h. The dose rate 1 m from the biological shielding of the reactor did
not exceed 14(xSv/h, on the surface of the biological shielding it was not greater than 35uSv/h, and
180uSv/h at the lower part.
For the purposes of exposure calculation during active zone uploading activities values of each
element of the reactor were estimated. Dose rates near the dismantled elements are shown in Table 2.
Table 2 - Dose rates from major components
Dose rate, uSv/h

Piece

At contact

At distance of lm

Air duct

1.8

00.7

Vessel top plate

70

3.9

Nuts of vessel top plate

2

0.002

Studs of vessel top plate

100

0.2
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Bottom of fuel assembly

1.6xlO4

300

Lead biological shielding

1.6

0.06

Boron carbide biological shielding

15

0.2

The reactor volume was filled with water that had a boracic acid concentration of 8g/l. The water
quality was checked twice a week. Special equipment included a tank for temporary storage of
radioactive pieces of the reactor, a turntable with biological shielding and a turntable with devices and
a tank (height of 5.3m, a diameter of 2m) for removing the fuel assemblies. This apparatus was
designed and constructed to unload the reactor core under water.
This equipment was installed instead of the six slabs which covered the reactor cavity. Dismantling of
the nuts and the studs of the top plate of the reactor vessel was carried out using the turntable with the
biological shielding made of lead which had a thickness of 150mm. Dismantled items were placed into
the storage tank filled with water. The tank for unloading the spent fuel was set above the top plate of
the reactor vessel after the removal of the turntable with the biological shielding. That tank was filled
with borated water with height of 4370 mm to decrease the radiation exposure of the operating staff.
After removal of the top plate of reactor vessel, the unloading of the reactor core was carried out in
accordance with the core cartograme and residual thermal power of core was no more than 0.3 kW.
The steel imitators were set in place when an assembly was removed. The gas tightness of the
assemblies was checked under water and the intact assemblies placed in a tank. The fuel assemblies
with cladding defects were placed in sealed cans and then placed in the flask. The flasks were moved
to the temporary spent fuel storage area by the overhead travelling crane. The transportation of the
flasks was carried out at a distance of 0.5 m above the floor, which was covered with polyethylene
film to prevent contamination of the building.
The coolant was removed from all circuits and equipment of the turbine-driven set after the shut down.
The loops of the unit were blown by air and washed by water. All pipelines between the reactor and
the turbine units were disassembled and blanked off. The dismantling of the turbine unit equipment
was carried out by cutting the pipes. The non-radioactive parts of the turbine unit were recycled or
used for other purposes. The following radioactive equipment of the turbine-driven set was dismantled
and removed for the disposal in the concrete vaults: condenser, pumps, tanks, pipelines, valves,
tranducers of the I&C Systems for the main loop and auxiliary systems, and the turbine.
The non-radioactive parts of the reactor unit were recycled or used for other purposes. Dismantled
radioactive pipelines were blanked off and welded. The following radioactive pieces of the reactor unit
were disposed at the burial site: pipelines with valves of main and auxiliary coolant circuits, heat
exchangers, condenser, and air duct of biological shield. All dismantled pieces were packed in
polyethylene film and carried to the storage for the disposal in the concrete vaults. The reactor vessel
with its biological shielding was disposed in the concrete vaults without dismantling. The dose rate (yray) at a distance of lm from the surface of the concrete cover was no more than 28uSv/h.
Other material, equipment and parts of the MNPP with significant activity despite of the
decontamination, were removed for disposal.
The temporary storage facility with the water shielding (thickness of 3.1 m) and concrete shielding
(thickness of 1.8 m) was built near the reactor cavity. The spent fuel assemblies are kept under water
in two pools (volume of 2x28 m3). The water quality is maintained in accordance with appropriate
chemistry requirements. The flasks with the fuel assemblies are tested for leak tightness. This is done
by weighing the containers under water. If the weight is stable, this check is done quarterly. If there
have been changes in the weight, the container is checked weekly. The flask is removed for testing and
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the leak tightness is corrected in a hot cell in accordance with appropriate procedure if the reference
weight increases by 100 g.
The reprocessing technology for this kind of the nuclear fuel has not been developed. Taking into
account this fuel has been designed only for the "Pamir-630D" and has not been used in any other type
of reactor, its technology of reprocessing perhaps will not be elaborated in near future, so it is
necessary to provide with long-term safe storage of the spent fuel.
After decontamination it is possible to permit unrestricted use of parts of the nuclear power plant
building while others (fuel storage facility) are still subject to restrictions. Surveillance, monitoring
and inspections are carried out to ensure the spent fuel storage remains in good condition. The nonradioactive parts of building are used for new purposes. A subcritical assembly with neutron
generator, an electron accelerator, and a y-ray facility has been in the building before it was used for
the "Pamir-630D" operations.
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Abstract. The French Atomic Energy Commission Center located at Fontenay-Aux-Roses has launched an
extensive programme of site cleanup and decommissioning of nuclear facilities. This programme includes the
level 3 decommissioning of the Triton and Nereide piles. These pool type research reactors were constructed in
the late 1950's, primarily for R&D activities related to neutron physics studies, radiological shielding
experiments and radioelement production. As of 1982, a level 2 decommissioning was achieved and over the the
last twenty years, no activities were carried out in the facility.
During 2001, there has been extensive investigation work carried out to acquire a better knowledge of the
radiological status of the facility, in order to set up dimantling scenarios and to reduce the volume of generated
radioactive waste.
Indeed, one of the first and main operations to be carried out for dismantling Triton and Nereide piles is waste
zoning, by using the facility layout, operating conditions and history, as well as the present radiological
inventory. The paper describes the investigations and studies carried out to implement waste zoning.
The paper also describes the preliminary dismantling operations undertaken on equipment and studies conducted
to optimize the dismantling and cleanup of the facility.
Finally, the paper presents the outline of the preferred dismantling and decommissioning options and the
progress of the work to date.

INTRODUCTION
The CEA center of Fontenay-Aux-Roses was created in 1946 at the time France decided to start its
atomic weapon programme. Two generations of facilities have been built and operated. The first
facility generation remained operational for fifteen years and has been dismantled in the late 1950s to
give place to a new facility generation part of French electronuclear programme, including
reprocessing of spent fuel.
hi parallel with the dismantling of its research reactors, the CEA has set up a large scale cleanup
programmeme, involving several decommissioning operations which will take place at the centers at
Cadarache, La Hague, Saclay and Fontenay-aux-Roses .
According to the CEA strategy and taking into account its urban situation, the CEA center of
Fontenay-Aux-Roses center decided in 1998 to launch an extensive cleanup programme to be
implemented from 2010 onwards. This includes the level 3 decommissioning of the TRITON facility.
This decommissioning was decided in the earliest stage of the programmeme. On one hand, it aims at
a strong development of high technologies for industry through three poles of expertise: electronics,
technology and instrumentation. On the other hand, it wants to develop the life sciences, notably
concerning Prion research programmemes, and studies to understand the effect of radiation on living
matter, thus benefiting from a strong interface between physics and biology.
These activities would rapidly be in need of large construction to install laboratories and support
activities.
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TRITON AND NEREIDE DESIGN AND HISTORY
The TRITON - NEREIDE facility was built in the late 1950's. The TRITON pile was first operated as
of June 1959. It was a 6 MW reseach reactor working with highly enriched uranium as fuel (firstly
20% then 90 % of uranium 235), and light water as moderator and coolant. NEREIDE pile was
operated in 1960. It was a 600 kW pile using also enriched uranium as fuel and light water as
moderator and coolant.
The TRITON pile was used mainly for radioelement production, radiological protection studies,
neutron diffraction experiments and fundamental physical experiments. Five neutron beam port were
built in the concrete radiation shielding of the TRITON pool to enable neutron experiments.
The NEREIDE pile was a mobile system, that in remote position, allowed to prepare experiments in
the NAIADE dry pool. In contact position, NEREIDE pile was used to irradiate experimental devices.
The NEREIDE pile and NAIADE pool were mainly used for radiation protection experiments and for
studies regarding graphite gas subcritical assemblies.
The TRITON and NEREIDE piles were shutdown in May 1982 and December 1981, respectively.
From 1983 to 1986, level 2 decommissioning operations were performed.
The TRITON and NEREIDE piles, hereafter called TRITON, which had been registered in the records
as basic nuclear installation (BNI) n°10, were removed from the BNI list and classified on
environmental protection grounds.
From 1986 to 1993, the TRITON facilty was used for some minor 'non radioactive' experiments
(equipement standardization). No change in the radiological status of the facility was brought about by
these experiments.
In 1993, it was decided to accomplish a complementary decontamination of the hot cell and to remove
the spent radioactive sources present in the facility, in order to send them to an interim storage facility.
As of 1994, the TRITON facility was definitely closed and from that date, only a simplified radiation
monitoring of the facility has been performed.
In March 2001, the chief executive of the Fontenay-Aux-Roses center decided to launch the level 3
decommissioning of TRITON.

TRITON LEVEL 3 DECOMMISSIONING PROJECT
Organization
The level 3 decommissioning of the TRITON facilty is organized in a matrix structure according to
national state of the art practices and standards in terms of project organization. A quality structure
existing inside the department in charge of this project has led to the implementation of a quality
assurance documentation and especially to a quality plan dedicated to the TRITON decommissioning
project.

Analytical process
Following international recommendations, a decommissioning plan, i.e. a conceptual study including
the technical and economical analysis of the decommissioning has been achieved: it has been called
the preliminary project study. The project team has also laid down a decommissioning programmeme,
describing all technical and administrative activities necessary to prepare and to carry out the
decommissioning.
To manage the TRITON decommissioning project, an analytical process has been implemented to
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cover a wide variety of parameters, some of which are listed below :
History of the plant;
Operation of the plant, incidents, etc.;
Radiological inventory, including results of previous inventories, type of materials and
surfaces, type of contamination (neutron activation, surface contamination,..);
Techniques to be used for decontamination and decommissioning, including ease of
access to areas to be decontaminated;
Regulatory requirements and goals of decommissioning.
A strategy has been developed in the detailed studies and written down. It includes:
-

safety and environmental issues ;
requirements for reuse of the building,
availability of waste disposal facilities, either for VLLW and conventional waste ,
availability and use of funding.

Some of these issues are developed below.

History of facilities' operation
National and local archives and documentation have been collected, including:
historical documents,
safety documents,
photographs, slides and video records.
These documents (records, plans, etc.) covered all the life phases of the plant : design, construction,
operation, shutdown, level 2 decommissioning, and modifications of the installation occurred since the
end of level 2 decommissioning. The historical archives included all the technical and administrative
documents of historical, legacy or cultural interest or dealing with considerations related to knowledge
preservation.
The collection of evidence from workers has been organized. Evidence has even been obtained from
retired employees. The evidence collected has allowed the projet team to get confirmation about some
issues and to bring consistency to data collected.

Radiological inventory
To be satisfactory, a completion of decommissioning operations requires a precise knowledge of the
radiological condition of the facility.
After the level 2 decommissioning, the contamination levels of the inner surfaces of structures and
components were still significant:
< 2500 Bq/cm2 inside the hot cell
< 3700 Bq/cm2 inside the TRITON pool.
In some places, dose rate was not negligible with maximum values reaching ~ 450 (iGy/h.
In 1993 and 1994, the operator decided to perform complementary decontamination operations in the
TRITON pool and in the hot cell, without entering level 3 decommissioning. These operations
resulted in a highly significant decrease of the surface contaminations and dose rate levels as shown
below:
< 1 Bq/cm2 in the hot cell and inside the TRITON pool,
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dose rate less than 1 u.Gy/h.
The studies have shown that residual activity present in the TRITON facility was of two types:
the first type was surface contamination due to contact of inner surfaces of the
TRITON pool with contaminated water, or contact of the inner walls of the hot cell
with contaminated dust; and
the second type was neutron activation inside the concrete radiological shielding
surrounding the TRITON pile and particularly around and along the five neutron
beam ports, mainly due to the neutron streaming effect.
To evaluate the surface contamination, the 1994 inventory was used to produce a radiological
photograph of all parts and workpieces of the facility, in which hundreds of dose rate measurements,
smear tests, direct surface contamination measurements, more than 500 samplings, core drillings were
performed. The main nuclides detected were 60Co, 63Ni, and 137Cs.
Moreover, an in situ gamma spectrometry method was developed that allowed to measure 10 m2 of
wall surface at a time. Ithas been successfully used to identify the 'major' gamma emitting nuclides
present in the surface contamination and to confirm results obtained from direct surface contamination
and sampling methods. Several tens of such gamma spectrometry measurements were carried out.
To evaluate the neutron activation in the radiation shielding around the TRITON core, both
calculations and measurement methods were used.
Calculations were used to obtain a profile of neutron activation distribution inside the radiation
shielding but not the absolute values of the specific activities. The calculations were made by experts
of the CEA/DEN/SERMA (Reactor Studies and Applied Mathematics Division of CEA), using a
modelization of the TRITON pile concrete shielding and iron structure combined with a core model.
The TRIPOLI code was used to compute neutron transport and the PEPIN code allowed to calculate
the activities and decay of the activation products.
Tens of core drillings and samplings were performed. The activities of beta and beta-gamma emitters
were determined by laboratory methods. Both in the calculation and in the measurements, the
predominant activation nuclides were found to be 52Eu, 154Eu, 133Ba, 60Co, 55Fe, and 3H.
The calculated relative profile of the activity distribution with concrete was in good agreement with
the experimental results.
Eventually, the radiological inventory was finalized. Areas and workpieces where a significant
radioactivity was remaining, were called "risk points". These "risk points" were studied in detail, to
prepare the dismantling operations, as per the ALARA approach, and in order to assist in defining
waste zoning, such that the waste could be segregated and finally rigorously managed.
It is important to notice that inventory of hazardous chemical materials was not a crucial issue as most
of these products were removed during the level 2 decommissioning activities.

Waste zoning
Each category of waste should be dealt with from production to elimination according to a preassessed and controlable scheme. In particular, the practice of any unconditional clearance levels for
VLLW is excluded by the French Safety Authority, because such a practice would entail the loss of
waste producer responsibility.
The first operation to be carried out in preparation for dismantling is waste zoning. , The project team
has divided the installation into zones, using the installation design, operating rules and records,
together with the radiological inventories as a basis. The zones are labeled either conventional waste
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zones, wherein the waste generated is dealt with in the same way as waste from conventional industry,
or nuclear waste zones. Nuclear waste zones are themselves subdivided into "non contaminating
areas" and 'contaminating areas', the latter corresponding to the "risk points" defined in the
radiological inventory.
A comprehensive file containing the following data was established for each of the areas or
workpieces and "risk points" of the TRITON facility, in compliance with quality assurance
requirements (traceability):
location of the area or workpiece,
history of the area or workpiece,
main operations carried out in the area or workpiece,
incidents occurred in the area / workpiece and potential contamination resulting from the
incident,
detailed radiological state and the proposed classification ('non contaminating' or
'contaminating' areas).
It is worth mentioning that waste zoning is not fixed. The classification of an area may change, in
particular after cleaning operations have been achieved and radiological controls performed. A
'contaminating' or 'non contaminating' area may be declared as a conventional area. The opposite is
also true, if for instance, a conventional area becomes contaminated due to the decommissioning work.
The chief executive of the Fontenay-Aux-Roses center decided to launch the level 3 decommissioning
of TRITON facility, under one appalling condition : that all types of waste would find a storage or
disposal solution and wouldn't be kept in the facility.
Provided conditioning would meet the requirements of the future disposal centre, VLLW will be
stored in a dedicated interim storage facility, at the SACLAY CEA research center.

Decommissioning scenarios and techniques
Some form of decontamination is required in any decommissioning programme, regardless of the form
of the end product. A minimum requirement is that the floor, walls and external structural surfaces
within work areas should be cleaned of loose contamination.
Another issue is to minimize the risks for spreading contamination during decommissioning activities.
Special attention will be given to the potential for contamination due to the production and release of
dust and aerosols of slightly radioactive liquids.
Usually, the choice of a process or of a combination of several processes depends on several factors
such as:
availability, cost and complexity of the decommissioning process,
amount of primary and secondary waste generated,
capability of treatment of waste, and
occupational and public doses resulting from decommissioning.
As far as decommissioning or decontamination of concrete surfaces and building structures is
concerned, mechanical techniques such as grinding of surfaces and removal of concrete by spalling or
scarifying have proved effective.
The project team has considered scarifying techniques such as needle scaling, scabbling and shaving.
Needle scaling will be used in some areas that are tight, i.e. hard to access (pipes throughs,corners of
the pool), and for some ceiling surface contamination (15 m3 and 30 m3 tanks). Shrouding and vacuum
equipment will be attached to collect removed dust and debris.
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Considering the main part of the TRITON pool, contamination is limited to near-surface material and
scabbling could be used for the decontamination of this area.
As scabbling may cause a cross-contamination hazard, vacuum and shrouding attachments will be
incorporated in the process. Several passes are planned to meet the goal of 7 cm thickness removal.
As an alternative technique, concrete shaving has been retained by the project team. This technique is
known to lead to a significantly lower waste production, for a comparable decommissioning
efficiency. Remotely controlled concrete shaving equipment, including namely vacuum systems and
XY-frame rail guided system is considered. This technique would remove the concrete layer after two
or three passes depending of the area or workpiece to be decommissioned.
The bottom of the pool needs to be decommissioned at a deeper depth than the pool walls, hi the view
of this point and the better access for tools it permits, hydraulic or pneumatic hammering would be an
efficient process.
Obviously, all these systems should be used inside large size containment areas equipped with
absolute filtering systems, in order to avoid cross contamination of the building.
Emerging methods such as Dc by laser have not been considered
The project team has decided to avoid, as much as possible, techniques generating contaminated
liquids that would need to be collected and treated.
The project team has also identified the precautions to be taken during the use of the processes, such
as fire hazards, electric shock, collapse of the TRITON pool structure during cutting and
decommissioning.
The internal structures of the hot cell will be decommissioned by needle scalind and scabbling, due to
the low thickness of concerte to be removed about 5 cm.
The part of the TRITON pool, containing the neutron activated parts of the radiation shielding
structure, will be cut into blocks by means of a sawing process. To meet both handling and future
waste disposal requirements, blocks will be about 1.5 x 1 x lm 3 in size, for a maximum individual
mass of about 3 tons. According to the waste zoning, the upper part of this structure, which is also the
main part, will give rise to conventional waste.
At the end of the decontamination and removal of all risk points, the eventual demolition may then be
performed conventionally.
A goal fixed for the project team by the owner of the facility is that decommissioning operations
would be carried out under quality assurance and traceability from one end of the 'processing' line to
the other.
Regarding waste generation, sorting out of waste will be done according to the waste zoning.
Nethertheless, waste will be controlled according to different levels. There can be up to three such
levels depending on their origin:
i.

Waste coming from 'contaminated areas' or 'risk points' will be controlled at level 1
and 2, but whatever the results of these controls, it will be considered as VLLW. Radiological
controls will be carried out on waste before packaging (dose rate measurements, surface
contamination control, samplings and laboratory measurements,) on an independent basis both
by the waste generator (level 1 control) and by the Radiation Protection Department (level 2
control).
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ii.

Waste originated from 'non contaminating' areas will be eliminated, after level 1 and
2 radiological controls, by local conventional industry, following procedures conformal with
regulations. If any of the level 1 or 2 control shows significant activity, the waste would be
managed on a case by case basis, and a non conformity would be opened and treated.

Whatever the type of waste, conventional or radioactive, the shipment will be submitted to a level 3
control, before leaving the Fontenay-aux Roses centre : This is a control by means of a gantry called
CLAUDIE, equipped with high efficiency scintillation detectors and a weighing machine,
At the end of the level 3 decomrnisssioning, a final radiological survey report including safety
scenarios and health impact calculations will be established and forwarded to the regional authority
(Prefecture des Hauts-de-Seine). The authority will analyse the report and eventually will remove
TRITON facility from the list of installatins classified on environmental protection grounds. This
removal will be equivalent to a declassification of the facility.

PRELIMINARY DISMANTLING OPERATIONS
In March 2001, when the TRITON level 3 decommissioning was decided, extensive studies were
launched. At the same time, the project team started work in order to dismantle the equipment and to
prepare the areas and workplace for deconstruction operations.
Surfaces and work places have been treated in order to be free of obstructions such as pipings; the
supports have been segmented or dismantled. Various items of equipment and waste have been
removed.
Some superstructures were taken away, cut and packaged. The remote handlers of the hot cell were
dismantled and packaged.
From the two 15 m3 and 30 m3 tanks, that had been used to recover leakage liquids coming from the
drains and from the pure water feeding system respectively, the internal polymer coatings were
removed through a lock providing direct and air-tight communication with the tank, and a
compartmentalized access lock was installed.
About 60 m3 of waste were generated including mainly ferrous and non ferrous metals, electric
cables, rubble, concrete rubble, incinerable technological waste.
CONCLUSIONS
TRITON level 2 decommissioning was achieved in 1986 and additional decontamination work was
performed in 1993 and 1994.
The level 3 decommissioning project started in March 2001. Comprehensive studies were carried out
as well as preliminary dismantling work prior to decommissioning.
Provided the low radiological hazards and according to experience feedback gathered from similar
decommissioning projects, due consideration will be given to the industrial hazards associated with the
use of the techniques selected and especially to lifting and handling of heavy loads.
Calls for tenders have been issued for all parts of the decommissioning programme. Companies are
asked to propose efficient and innovative solutions for the TRITON decommissioning, based on
mechanical techniques, as described in this paper.
The level 3 decommissioning of TRITON facility is to be achieved by September 2004, such that the
building can be used for new non-nuclear activities.
The most important parameters for decision making will be mainly waste minimization, safety-241-

technical efficiency and cost-effectiveness.
In order to fully benefit from the experience, feedback will be collected from the first level 3
decommissioning of a research reactor of this type in France and procedures are to be implemented in
order to collect and to maintain appropriate records in a secure and accessible manner, both during and
after completion of decommissioning.
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Abstract. In Romania, there are several installations that arrived at the decommissioning stage. These
installations are: W R - S research reactor, Sub critical Assembly HELEN, and Zero Power Reactor (RP-0). In
this paper, the methods the Romanian Regulatory Body is developing the legal framework for decommissioning
process of nuclear installations are described. There is a draft of decommissioning norms for research reactors.
This regulation provides each stage of decommissioning and requirements for decommissioning plan. Also,
CNCAN has evaluated and made requirements for completion of a W R - S research reactor decommissioning
plan submitted by IFIN-HH. Further, the reasons for which the decommissioning plan was rejected and
requirements that the owner of WR.-S research reactor must fulfil in order to receive decommissioning licence
are presented.

INTRODUCTION
Decommissioning is the final phase in a nuclear installation's life. The role of the Regulatory Body is
to ensure that each owner of a nuclear facilities has developed a viable decommissioning plan so that,
at the end of decommissioning activities the clearance levels are reached in order to release the
installation from regulatory control.
FACTS ABOUT NUCLEAR INSTALLATION WHICH ARE AT THE
DECOMMISSIONING PHASE
The installations, which have reached the decommissioning phase are:
1. The "Helen" sub critical assembly located at the same site as the W R - S Research Reactor;
2. The Zero Power Reactor (RP-0) located at the same site as the VVR-S Research Reactor; and
3. The W R - S Research Reactor, 10 km from Bucharest.
Sub critical Assembly "Helen"
The location is on the IFIN-HH site at Magurele. The owner is the Faculty of Physics, University of
Bucharest. At present this facility has a conservation licence which was granted by CNCAN last year
and is valid until 2006. The fuel is stored in the core of the subcritical assembly in a dry condition. The
owner is no longer interested in this facility and in the future the University intends to decommission
it. See figures 1 and 2.
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Fig. 2 -Subcritical assembly hall

Zero Power Reactor
The location is on the IFIN-HH yard at Magurele. The owner is the Polytechnic University of
Bucharest. For this reactor there is not any documention concerning the commissioning or operation of
this reactor. The reactor has been decommissioned but there are no document to verify if this
installation meets the clearance levels.

Installations: W R - S Research Reactor
The location of this reactor is at IFIN-HH yard at Magurele; The reactor was commissioned in!957.
Since 1998 is in a shutdown condition. At this time theVVR-S Research Reactor is under provisions of
a conservation licence granted by CNCAN in March 200land extended until 31 March 2002. The
spent fuel is out of core and stored in wet conditions in an intermediary storage area in the reactor hall
and in spent fuel storage building near the reactor facility. Figures 3 and 4 provide an overview of the
reactor.

VVR-S Research Reactor
Fig. 3 - Lateral view

Fig. 4 —Upper view

A preliminary decommissioning plan was submitted by IFIN-HN to CNCAN in October 1997 and it is
waiting for approval. A decommissioning plan for Stage 2 was submitted in October for approval and
also has not been approved. A decommissioning plan for stage 1 was submitted in December, was
rejected by CNCAN and resubmitted later that month. This plan is still awaiting approval.
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Many rooms from the VVR-S research reactor have been transformed into storage areas for non
radioactive waste. First requirement is to remove all this non-nuclear waste things from reactor
building. Figure 5 shows one of these rooms.

V-' i &'*

Fig. 5 - Underground room in WR-S research reactor building transformed into depository

The next requirement is to make a radiological characterization of each room in reactor building,
including the reactor hall. Figures 6 - 8 show general views of the reactor hall.

Fig. 6 WR-S Research Reactor hall

Fig. 7 WR-S Research Reactor hall

Fig.8 WR-S Research Reactor hall
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ASSESSMENT OF PREVIOUS DECOMMISSIONING PLANS
In decommissioning plans submitted by IFIN-HH have not included any of IAEA recommendations
made as a result of Technical Assistance project ROM/9/017 "Upgrading of Decommissioning Plan".
These recommendations included:
Priority 1 activities for document preparation:
o Produce a decommissioning schedule;
o Prepare and submit a Feasibility Assessment for financial authorization;
o Complete and issue a Final Decommissioning Plan;
o Compile and submit an Environmental Impact Assessment; and
o Prepare and submit a Safety Assessment.
Priority 1 activities for engineering design and evaluations:
o Detail the monitoring system
o Select and specify acceptable waste packages;
o Apply the ALARA concept to job planning and include radiological engineering.
CNCAN rejected decommissioning plan because it:
Does not reflect the required intention (decommissioning stage 1 or stage 2).
Is not written clearly - there are identical paragraphs repeated, also each "new"
decommissioning plan contains almost the same information at the same level as the previous
document.
Does not contain sufficient detail for a final decommissioning plan.
Does not provide any schedule for decommissioning activities. For example, for
decommissioning stage 1, only 6 activities are provided (radiological monitoring, physical
protection, radiological inventory in reactor hall, documentation archiving, maintenance of
installations which will function further and removal of several devices) without any other
details about how the work will be done.
Does not specify any reference for data presented (radiological inventory).
Does not say how decommissioning will be done safety.
Does not contain the environmental impact assessment.
Does not describe the essential elements for stage 1, 2 and 3.
Does not define the boundaries of the work for each stage.
Does not state what the condition of the installation will be after a particular stage of
decommissioning will be completed.
Does not provide defuelling activities.
Does not contain radiological data that will be generated during the entire project.
Does not provide trustworthy cost estimates in spite of an IAEA mission, which proposed two
methodologies.
Does not nominate the staff who will be involved in the decommission and their assigned
responsibilities, especially the nomination for the decommissioning project manager.
Does not address training needed for those people who will be involved in decommissioning.
IFIN-HH, the owner of VVR-S research reactor, must refurbish the Radioactive Waste Treatment
Plant before any waste could be removed from the reactor building.

REQUIREMENTS OF CNCAN REGARDING THE DECOMMISSIONING OF W R S REACTOR MAGURELE
In order to accept a decommissioning plan for the reactor (even the preliminary plan) it is necessary:
To demonstrate the capability of managing the waste generated from the
decommissioning activity (which means that the upgrading of the Radioactive Waste
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Treatment Plant and of the Repository shall be ensured before starting the dismantling to
stage 2);
To demonstrate that the long term storage of spent fuel will be solved prior to spending
resources for decommissioning activities;
To demonstrate that the solution for the decommissioning strategy is optimised (in the
context of global optimisation for spent fuel long term storage, for waste management
and for waste disposal, both relative to the selection of the decommissioning alternative
and to the extension of decommissioning activities within the selected alternative);
To demonstrate the availability of decommissioning funds for the decommissioning
activities; and
To improve the content of preliminary plan, specifically to elaborate the detailed
decommissioning plan with the support documents.
The transition from conservation authorization to a stage 1 decommissioning authorization could be
considered by the licensee, at least as a transitory situation, reducing expenses, but only after the
issuance by the holder of the installation of the decision of decommissioning.

CNCAN POLICY CONCERNING DECOMMISSIONING OF NUCLEAR
INSTALLATIONS
The main provisions of the Law 111/1996 (as amended 1998), related to decommissioning of nuclear
objectives and installations are:
The provisions of the law shall apply to all stages of practices, including decommissioning;
Among the authorization phases of an installation, decommissioning is considered as a distinct
one;
CNCAN is empowered to issue regulations for detailed specification of the general requirements
of the law related to: nuclear safety, protection against ionizing radiation, quality assurance,
physical protection and emergency preparedness both for practices and for interventions - this
includes the requirements related to decommissioning and waste management;
The holder of an authorisation is responsible for the management of radioactive waste generated
by his own activity and for decommissioning of his nuclear facility, bears the expenses related to
the collection, handling, transport, treatment, conditioning and temporary or permanent storage
of this waste, and has also to pay the legal contribution for the Fund for the management of
radioactive waste and decommissioning;
On discontinuation of the practice or decommissioning of a facility or transfer of radiation
sources or a nuclear facility to an other holder of authorisation, the initial holder of the
authorization shall obtain first an authorization from CNCAN;
The holder of an authorization shall develop a programme for the preparation of the
decommissioning and submit it for the approval to CNCAN.
Three base alternatives have been identified for decommissioning of the reactor with a number
of sub - options as appropriate:
Permanent shutdown of the reactor and disabling the control systems to prevent restarting
followed by care and maintenance over an extended deferral period of up to 50 years;
As previous alternative but to include the removal of all equipment peripheral to the reactor
block (this includes removal of cooling systems and associated pipe, experimental rings, etc.,)
and leaving the reactor block and remaining activated internals intact. The block penetrations for
pipes and service penetrations will be sealed; and
Decommissioning for unrestricted site release.
As provided in the draft decommissioning regulation, the main steps required for decommissioning a
nuclear installation are shown in the following chart:
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Issue decommissioning plan

Improvement, solve
requirements

CNCAN evaluation

CNCAN approval

NO

YES
Shut down of nuclear installation
Regulatory
Control,
Inspection,
Decommissioning plan implementation
Surveillance,
Authorization

Clearance level is reached

Regulatory certificate for ending nuclear
activities

Release from regulatory control
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FURTHER PROPOSED ACTIVITIES FOR REGULATING THE
DECOMMISSIONING PROCESS ARE
Finalize and publish a decommissioning regulation;
Develop specific procedures for inspection during decommissioning, specific for each
stage;
Develop the methodology to finish regulatory control when the clearance level is reach;
In the next years CNCAN will ask for decommissioning plans for each nuclear facility,
no matter if these installations are in construction, operating or shutdown.
Develop a decommissioning regulation for nuclear power plants.

REFERENCES
[1] Romanian Legislation - Law No.l 11/1996 republished in 1998, Law of the safe deployment
of nuclear activities.
[2] Preliminary Decommissioning Plan, IFIN-HH No.5052, 23 October 1997.
[3] CNCAN Address No.95188, 10 February 1998, Observation and Requirements for
Upgrading Preliminary Decommissioning Plan, IFIN-HH, October 1997.
[4] IAEA DOC, "Upgrading of Decommissioning Plan" Mission Report ROM/9/017.
[5] Profitability Study for financial investment in Decommissioning of W R - S Research
Reactor, IFIN-HH Doc.No.1042, 23 February 1998.
[6] Observation and Requirements concerning Profitability Study for financial investment in
Decommissioning, CNCAN Doc.No.95939, 17 April 1998.
[7] Decommissioning Plan for stage 2, IFIN-HH doc.No.4347, 28 October 1998.
[8] Observation and Requirements concerning Decommissioning Plan for Stage 2, CNCAN
Doc.No.10125 27 January 1999.
[9] Decommissioning Plan for stage 1- 3 rd December.
[10] Decommissioning Plan for stage 1- 30th December.

-249-

CN-93[61]

SAFETY ASPECTS IN DECONTAMINATION OPERATIONS:
Lessons learned during the decommissioning of a small PWR reactor
M. Klein, M. Ponnet, O. Emond
SCK-CEN
Boeretang 200
B-2400 Mol, Belgium

XA0202911

Abstract. Decontamination operations are generally executed during the decommissioning of nuclear
installations for different objectives: decontamination of loops or large pieces to reduce the dose rate inside a
contaminated plant or decontamination to minimize the amount of radioactive waste. These decontamination
operations raise safety issues such as radiological exposure, classical safety, environmental releases, production
and management of secondary waste, management of primary resources, etc.
This paper presents the return of experience from decontamination operations performed during the dismantling
of the BR3 PWR reactor. The safety issues are discussed for 3 types of decontamination operations:
•

full system decontamination of the primary loop with a chemical process to reduce the dose rate by a
factor of 10,

•

thorough decontamination with an aggressive chemical process of dismantled pieces to reach the
unconditional clearance values, and

•

thorough decontamination processes with physical processes of metals and of concrete to reach the
unconditional clearance values.

For the protection of the workers, we must consider the ALARA aspects and the classical safety issues. During
the progress of our dismantling operations, the dose rate issue was becoming less important but the classical
safety issues were becoming preponderant due to the use of very aggressive techniques. For the protection of the
environment, we must take all the precautions to avoid any leakages from the plant and we must use processes
which minimize the use of toxic products and which minimize the production of secondary wastes. We therefore
promote the use of regenerative processes.

INTRODUCTION
SCK-CEN started the dismantling of its small PWR reactor, the BR3 in 1990. We selected the direct
dismantling strategy. Up to now, we have performed a full system decontamination, we have fully
dismantled the PWR pressure vessel with all its internals and we are now dismantling all the loops. To
minimize the amount of materials conditioned as radioactive waste, we have developed and used
several hard decontamination processes for metals and for concrete.
We use decontamination processes for different objectives:
•

Decontamination for dose rate reduction inside a contaminated plant: we used the CORD
chemical process to remove the contaminated oxide deposits from the primary loop and from
auxiliary loops.

•

Decontamination for radioactive waste minimisation: Several processes, chemical or physical
are currently applied to decontaminate dismantled pieces or contaminated concrete to very low
level and if possible to clearance levels.
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These decontamination operations raise safety issues such as radiological exposure, classical safety,
environmental releases, production and management of secondary wastes, management of primary
resources, etc.

FULL SYSTEM DECONTAMINATION OF THE PRIMARY LOOP
In 1991, we performed a decontamination of the primary loop using the CORD chemical process in
collaboration with Siemens-KWU. We selected this process for several reasons:
•

The Cord process is a soft decon process based on the use of oxidation and reducing agents.
The crud is first oxidized with permanganic acid and then dissolved with oxalic acid. The
corrosion products and the contamination is then removed on ion-exchangers. Three
decontamination cycles were necessary to decrease the dose rate by a factor of 10.

•

We had to make only a limited number of modifications to the plant and the primary pumps
were used to circulate the solution at moderate temperature (100 °C) and pressure (20 bars).

•

The activity was fixed on a small volume of ion-exchangers (1.3 m3) and between each cycle
it was not necessary to empty the system.

The safety aspects were considered throughout all the process steps:
ALARA aspects
o We realised a detailed dose assessment for each individual task during the preparation, the
operation and the evacuation of the waste. In collaboration with IPSN, we introduced for
the first time at our plant, an operational ALARA system with prediction, follow-up, and
return of experience.
o For the decontamination operation, the workers exposure was limited to 0.160 man.Sv.
This resulted in dose savings for the dismantling of the contaminated loops to at least 0.47
man.Sv.
Classical safety aspects
o The most important aspect was to control and minimise the chemical solution leakages.
We made a thorough analysis of the materials of the loops in contact with the solution. We
paid attention to the gaskets of the purification loops (klingerit material), the materials of
the primary pumps, the materials of the high pressure circulating pumps. We knew that
the chromated pistons of the latter would be corroded during the oxidation step. During
the operation itself, the small leakage flow at that component was monitored. When it
appeared that the leakage flow rate was too high, the pistons were replaced; this took place
before the last cycle.
o Precautions were also taken for the preparation of the reagents, mainly oxalic acid. The
operators wear adequate protective clothing for oxidants and acids and showers were
installed at several points of the plant.
o We had no classical problem at all during the operation. The only drawback was, that we
produced more secondary waste than foreseen. We produced about 50% more ionexchange resins and 100% more low-level effluents. We produced more resins because
the amount of corrosion product removed was higher. We produced more liquid effluents
because we had the leakages of the circulating pump of the purification loop and because
we had to feed and bleed to regulate the level in the pressurizer.
Control of the environmental releases and minimisation of secondary wastes production
o The use of a regenerating system using IEX allowed to minimize the amount of
radioactive wastes. The final waste volume after conditioning amounts to 6.5 m3.
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o

All the tanks were connected to a vent collection tank and discharged through the absolute
filtration system of the plant. The only gaseous discharge was CO2 produced during the
reduction steps.

THE MEDOC PROCESS: AN AGGRESSIVE CHEMICAL PROCESS FOR
METALLIC PIECES
We developed and exploited a chemical decontamination unit for the thorough decontamination of
metallic pieces. The main objective is to reach the clearance levels either directly or after melting in a
nuclear smelter. We have used two processes up to now: the Medoc process for stainless steel and
inconel pieces, and the adapted Medoc process for carbon steel. This unit is mainly used for the batch
treatment of cut pieces but can also be used for loops decontamination. Actually, we have used it for
the loop decontamination of our 600 m" stainless steel steam generator.
As can be seen from Table I, to decontaminate aggressively, we use hard conditions with hot acids,
strong oxidants, noxious gases, ultrasonics...
Table I: Working parameters of the Chemical Decontamination processes

Medoc Process
Modified
for Stainless j Process for
steel
[ Carbon
Steel
Sulfuric Acid

M

I

0.5

. Cerium
Concentration

M

0.05

0

Temperature

°C

80

20
1

kg/h
m7h
Ultrasonics

10

10

yes

Yes

During the design phase, a lot of attention was put on safety issues to protect the workers.
To minimize the worker's exposure, the reactor is shielded with 5 cm lead and the buffer and
storage tanks are in a shielded cell. As the contamination levels of the pieces are not too high,
the exposure is not an issue. For contamination, the classical means are used: masks, adequate
clothing, ventilation...
Protection glasses are worn by the operator and showers are installed in case of acid burns.
The construction materials have been selected to resist to the aggressive process conditions:
zirconium for the decontamination reactor, titanium for the basket, PTFE lining for the pipings,
and enamel coating for the storage tanks.
Ozone issue:
o the unreacted ozone is thermally destroyed before its release in the ventilation system,
o unauthorized opening of the reactor above a given ozone level inside the installation,
o ozone detection in the room with automatic shutdown of the process (NB: the odour
detection level is lower than the safety limit of 0.3 ppm).
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Hydrogen issue: H2 is not normally formed during the Medoc process on stainless steel but if, by
mistake, some carbon pieces are present in the basket, H2 will be produced. A detection of H2
above 1/5 of the 4% Low Explosion Limit in the process line or in the rooms leads to an
automatic stop of the process (automatic transfer of the solution in the buffer tank, extra dilution
with air). For carbon steel, H2 is produced continuously but the low temperature limits the
production rate at a safe level.
The rooms are ventilated with two independent filtration/ventilation systems.
The control philosophy and the man-machine interface have been designed to bring
automatically the installation to a safe-stop condition in any case. Only one operator can control
and operate the whole installation. Even in case of failure of the computer or of the electric
supply, the installation is put automatically in a safe condition.
To protect the workers in case of radioactive acid solution leakages, we took a series of
measures:
o installation of dip trays with alarm on liquid presence,
o a restricted access in sensitive zones limited to qualified personnel, and
o the use of protections on flanges.
To minimize the production of secondary wastes, the eerie ion is continuously regenerated by reaction
with ozone. The solution is used up to the maximum salt concentration of 15 kg.m"3 for stainless steel
and 60 kg.m"3 for carbon steel.
For the decontamination of the Steam Generator (SG), we connected the Medoc unit with the SG with
strong FEP lined rubber hoses. The main issue would be a leakage of hot acid from the primary to the
secondary side where it would react with carbon steel and produce H2. To prevent it, we adopted a
series of measures:
secondary side filled with N2 at a slight overpressure vs the primary side,
measurement of the H2 in the secondary side atmosphere,
control of the presence of liquid on the secondary side.
In case of acid leakage, the primary side is emptied and the secondary side is flushed with water to
remove the acid.

PHYSICAL DECONTAMINATION TECHNIQUES
For metals' decontamination, we use a wet abrasive process, polishing hand-held machines and
grinders. For concrete decontamination, we mainly use scarifying, scabbling or shaving techniques
with diamond coated disks. All these techniques are performed manually by an operator located inside
a ventilated containment. The classical techniques are used to protect the workers: masks, ventilated
suits, etc. These techniques produce a large quantity of dust and aerosols. To minimize the secondary
waste production, we have installed regenerable pre-filters which protect the absolute filters from a
rapid clogging.
Radiological exposure is generally not an issue due to the low levels of contamination of the pieces.
As these operations are mostly manual, great care is put on the ergonomy of the work place and
optimized procedures for these hard and tiring operations which are performed in Py protective
clothing.

CONCLUSIONS
For the protection of the workers, we must consider the ALARA aspects and the classical safety
issues. During the progress of our dismantling operations, the dose rate issue was becoming less
important (elimination of the sources) but the classical safety issues were becoming preponderant due
to the use of very aggressive techniques (use of hot acids, presence of aggressive or explosive gases,
etc.).
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For the protection of the environment, we must take all the precautions to avoid any leakages from the
plant and we must use processes which minimize the consumption of toxic products and which
minimize the production of secondary wastes. We therefore promote the use of regenerative processes.
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Abstract. Following a referendum in Italy in the late 1980's the four nuclear power stations were closed down
and subsequently, in the 1990's, the process of privatisation of the electricity industry was started.
Starting from those conditions, Sogin (current owner of the four NPPs) was beginning to develop programs and
projects to reach "green field" conditions for all NPP's in Italy. Within this frame, an agreement was built
between Sogin and BNFL, based on the previous successful collaboration, to develop a prompt decommissioning
strategy for the Latina Magnox reactor [1], to work together taking into account their specific experiences in the
decommissioning field, both for Italy, the United Kingdom and for other countries.
Over the past year, a revised prompt decommissioning programme, drawing upon the combined experience of
the two companies, has been developed for Trino. The study incorporates the removal, segmentation and
packaging of components such as the reactor vessel and internals for transportation to the national repository, as
well as cost efficient engineered solutions for the removal, segmentation and decontamination of the remaining
systems, plant equipment and containment structures to a point where the containment structure itself can be
released for demolition.
It was recognised that this target was conditional upon the availability of a national LLW repository together
with interim stores for both spent fuel and HLW by 2009.
The strategy has been based on the principles of minimising both doses and waste products that require long
term storage, maximizing 'free release' materials and utilising existing and regulatory approved technologies.
HISTORICAL PERSPECTIVE
The history of commercial nuclear power in Italy dates back nearly 40 years to the opening of the
Latina Magnox reactor in 1963. In 1964, Trino Vercellese, a Westinghouse four loop Pressurised
Water Reactor (PWR) with an output of 270Mwe, commenced operation. In the same year, the
nationalised electricity utility ENEL was formed by the combination of the existing private utilities,
including Selni, the operator of Trino. By 1978, the BWR reactor at Caorso was on line and the earlier
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BWR at Garigliano had been retired. Plans for a further reactor at Alto Lazio were also well advanced.
However, the Chernobyl accident in 1986 triggered anti-nuclear sentiment in Italy, and in 1987, a
referendum resulted in a decision to close the remaining NPPs. In 1992, after a five-year moratorium,
the Italian Government took the final decision to permanently shut down the Italian NPPs (Table 1).

Plant

Type

Designer

Mwe

Commercial
Operation

Plant
Shutdown

Latina

Gas Graphite

TNPG

200

1963

1986

Garigliano

BWR
Cycle

General Electric

150

1964

1978

Trino

PWR

Westinghouse

270

1965

1987

Caorso

BWR

AMN-GETSCO

860

1978

1986

Dual

Table 1. The Italian NPPs
The closed NPPs continued to be owned and managed by the state owned utility ENEL. However,
during 1999, decisions were made to privatize ENEL and, at the same time, to transform the nuclear
division into a separate subsidiary of the ENEL group. This subsidiary was renamed Sogin. Finally, in
2000, ownership of Sogin was transferred to the Italian Treasury.

DECOMMISSIONING STRATEGIES
Prior to the closure of the Italian NPPs, ENEL had developed a safestore decommissioning strategy.
Furthermore, the overall approach being adopted was reinforced by the lack of both an Italian Low
Level Waste (LLW) repository and an unambiguous set of Italian clearance limits for the free release
of contaminated materials. However, when Sogin was formed, the new management was instructed to
review the Italian NPP decommissioning strategy. The objective of the review was to assess the
feasibility and impact (both technical and commercial) of changing from the existing safestore strategy
to a more aggressive decommissioning strategy, with the target of releasing all of the nuclear sites by
2020. It was recognised that this target was conditional upon the availability, by 2009, of a national
LLW repository together with interim stores for both spent fuel and High Level Waste (HLW). The
financing of the new decommissioning programme has been established and controlled by the
Regulator of the Italian energy sector and a revised strategy, programme and review of associated
decommissioning costs was required quickly so that the appropriate funding measures could be put in
place.
Although the reactor decommissioning market cannot be regarded as mature, the key elements of
strategy development, waste treatment, dismantling and delicensing have been separately
demonstrated as achievable [2]. As Sogin considered the development of prompt decommissioning
strategies for their NPPs, BNFL was an obvious source of support and assistance. The combination of
Sogin's site and plant operations experience with BNFL's remote operations, planning and regulatory
experience was attractive to both parties.

THE DEVELOPMENT OF A PROMPT DECOMMISSIONING STRATEGY
The target set was that the reactor was to be decommissioned to green field within 20 years,
recognising that the higher radiation levels would require the deployment of remote dismantling
techniques for the reactor vessel and internals.
Further identified critical issues are:
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1.

The lack of free-release clearance levels.
At this time there are no "free release" clearance levels set by law for the whole of Italy. During
2000, preliminary free release levels were set for Caorso by ANPA (3). The Caorso clearance
levels have been assumed for Trino. The free release criteria used in this study are shown in Table
2 and are satisfied if:

V

L,

<1

Ai being the activity of i th radionuclide present in moderate amount in the material to be released.
2.

Waste acceptance criteria.
Technical Guide #26 [4] is the Italian regulation that specifies acceptable final waste forms and
the properties of the conditioned waste. Three categories of waste are considered as a function of
activity concentrations. It is assumed in the decommissioning plans that TG 26 will form the basis
of the acceptance criteria for the national repository.

3.

Speed at which licensing applications can be processed by ANPA.
The Italian licensing process is complex. Sogin and ANPA are now working together to improve
the situation. To assist this process, only proven techniques that have received regulatory approval
in the country of use have been employed in the Trino decommissioning strategy.

Radionuclide

]Li

L'i

Metallic Materials
(i)
Mass
Superficial
2
(Bq/g) (Bq/cm )
3
1
H
10,000
14
C
1
1,000
^Mn
1
10
55
Fe
1
1.000
60
Co
1
1
59 N j
1
1000
63
1
1000
Ni
90
Sr
1
1
125
Sb
1
10
134
Cs
1
0.1
137
1
Cs
10
152
Eu
1
1
I54
Eu
1
1
Gross Alpha emitters 0.1
0.1
241
Pu
1
1

L,

Concrete
Mass
Superficial
(Bq/cm 2 )
(Bq/g)
10,000
1
1,000
1

0.1
1
0.1
1
1
1
1
0.1
1
0.1
0.1
0.1
1

1
10.000

1
10,000
10,000

100
1
1
1
1
1
0.1
10

Other Materials
Mass

(Bq/g)

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0,01

0.1

Table 2. Standard Release Criteria
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THE SCOPE OF THE TRINO STUDY

Figure 1. Trino Containment Building and Contents
The boundary conditions for the project were defined as being, "the removal of the reactor, reactor
systems and structures within the containment building". As such the strategy considers the reactor
vessel and contents, the steam generators, reactor coolant pumps and all other related plant, equipment
and services contained within the containment building as well as internal containment structures. The
physical scope of the study is shown pictorially in Figure 1.

SETTING THE STRATEGY
In determining the best solution for the prompt decommissioning of Trino NPP in a safe and costeffective manner, as well as the critical issues referred to above, the following aspects were
considered:
(a)
(b)
(c)
(d)
(e)

the station's operating history and current condition,
its condition at the beginning of the effective decommissioning phase,
the regulatory requirements for decommissioning and waste disposal,
the nuclear fuel programme, and
operational waste remaining in the fuel and purifier pools.

It was clear from the outset that the most advantageous strategy for decommissioning Trino, with
regard to nuclear and radiological safety, was to remove all nuclear related materials from the
containment building before decommissioning operations starting. This eliminates all nuclear safety
concerns and significantly reduces radiological safety concerns. It was therefore agreed that Sogin
would undertake to remove all of the nuclear fuel (spent and fresh) and some activated equipment
currently stored in the Spent Fuel Pool.
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The next task was to review the operational history of the plant, its current state and determine any
enhancements with regard to dose reduction that could be made prior to the start of dismantling. From
the plant records, it was clear that if decommissioning started in 2009 (to take advantage of the
national repository becoming available), all of the plant and equipment with the exception of the
reactor vessel and internals could be removed by human intervention using ALARA techniques. To
aid this, it was decided that the steam generators would be decontaminated prior to removal. This
would be achieved using a chemical cleaning process with a limited dose budget (about 50 mSv-man)
and secondary waste target (5 m3 of resins and 5 m3 of Dry Active Waste, DAW). It was calculated
that this would result in a meaningful dose saving (3.3 Sv-man) during the dismantling phase. It was
also decided that the decontamination process would bypass the reactor vessel due to the activation
levels in the reactor. Having reviewed the overall situation, the following strategy was adopted for
development:
(a) The existing containment ventilation, which is a positive pressure system, will be modified to be a
negative system to help to ensure no contamination is released from the containment area during
operations.
(b) To maximize the amount of material to be recycled for re-use and therefore reduce packaging and
long term storage costs, a Waste Management Facility (WMF) will be constructed adjacent to the
containment and fuel pool buildings. To facilitate the movement of waste materials through the
containment into the WMF, a waste path will be created in the containment area. The WMF will
be accessed from the containment building by forming an opening in the containment wall at the
ground level. The WMF layout is illustrated in Figure 2.
(c) From extensive studies and especially from experience gained in the field, the most timely and
cost effective method of plant Dismantling and Decontaminating (D&D) is to use, wherever
feasible, human intervention techniques [5], Using this principle, the strategy for
decommissioning the Trino reactor building is to eliminate as early as possible the highly
activated and contaminated plant and equipment, thus allowing the D&D team access to the
remainder of the plant, equipment and services. The study has established that the only item of
plant to require remote removal, segmentation and packaging is the reactor vessel and internals.
Consequently, these items will be the first to be removed.
An in depth review of cutting and segmentation techniques was undertaken. Taking into account
Sogin's and BNFL's experience, a decision to flame cut the larger pieces of equipment was made.
This choice was based on efficiency, safety and practical experience [6] and has been underpinned by
a safety analysis that shows that the worst-case accidental burning of a fully loaded HEPA filter will
not exceed the release limits set by the Italian regulators.
This approach allowed the complete set of activities to be compiled in a spreadsheet, with each
component recorded as a line item identified against its Work Breakdown Structure (WBS) number
and containing all pertinent information. By producing this definitive record any future changes to say
man hours or waste production can be simply and easily changed and the amended totals quickly
found.
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Figure 2. Decommissioning building layout for Trino NPP Waste Management Facility
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IMPLEMENTING THE STRATEGY
Waste Management Facility
The WMF will be constructed on the sides of the containment and fuel pool building before any
physical decommissioning commences. Access to the existing buildings will be by new openings
provided with closure doors, (see Figure 2). The WMF is designed to accept waste material from the
remainder of the NPP site as well as from the containment building.
The WMF is designed to handle solid radioactive waste as well as waste destined for free release. The
aim of the WMF is to decontaminate as much of the waste as possible to a free release condition.
Waste that cannot be successfully decontaminated will be packaged in the WMF to a standard suitable
for final disposal at the waste repository.
The concept design has been completed with the following aims and objectives:
Seismic requirements
Designing the facility to fit within the space envelope allocated at the site.
Ensuring the building is self-contained with respect to local change facilities, process
activities, storage space (waste and maintenance spares), electrical controls and
distribution, control rooms and support activities (grout mixing, box receipt etc.).
Minimising the length of process streams to reduce the requirement for transportation
between areas.

PLANT, EQUIPMENT AND SERVICES REMOVAL
Reactor internals removal
The reactor internals will be segmented underwater in the re-fuelling pool due to the high radiation
levels. The Trino radiation monitoring system will be used to alert personnel should any materials get
too close to the water surface. Operators will monitor the pool water level to ensure water level and
pool integrity are maintained. The internals removal and segmentation work will be undertaken in 2
shifts per day to efficiently complete the work. The internals removal and segmentation will be
performed using Abrasive Water Jet Cutting, Metal Disintegration Machining, and Plasma Arc Cutting
where applicable. (Figure 3)

Reactor vessel removal (RPV)
This work will be performed in the reactor cavity and movable covers will be installed to contain the
cavity area. Local, filtered ventilation units will be used to maintain a slight negative pressure or
inward airflow into the cavity. A lift system will be installed over the pool to lift the vessel and allow
segmentation to be performed in the reactor re-fuelling area. The reactor vessel will be segmented
using an Oxy-acetylene system fitted with ventilation units to control airborne radioactivity. The
pieces will be surveyed and packaged ready for processing in the WMF (see Figure 4). However other
scenarios in addition to dry cutting may be considered as applicable such as flooding the reactor cavity
and segmenting the vessel underwater. In this context Sogin have completed investigations with regard
to the preparation of a waterproof "tank" for RPV underwater cutting. RPV removal using underwater
mechanical cutting is deemed a practicable alternative, providing all access holes in the bioshield are
sealed (see Figure 5).
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Figure 3. Reactor Internal Segmentation and Removal

&
Figure 4. Reactoi '> Jisel Dry Segmentation and Removal

Figure 5. Reactor
Vessel Underwater Segmentation and Removal
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Steam generator removal
The re-fuelling pool will be cleaned and used as an enclosed, ventilated area for the segmentation of
the four steam generators. They will be removed in a sequence designed to improve access to the
WMF. Each steam generator will be removed in two stages. In the first step, the steam dome will be
cut in-situ and transferred to the reactor head containment area for segmentation. The sections will
then be transported to the Monitor Release Facility (MRF) for radiological survey and free release.
The second step will be to remove the remaining portion of the generator (lower mounting surface to
top of tube bundle) using the polar crane and place it in the reactor cavity for segmentation (see Figure
6).

Figure 6. Steam Generators Removal and Segmentation

Reactor coolant pumps
The pumps and motor are one unit and will be removed as one piece. It is planned that the motor will
be transferred to the WMF for additional disassembly and decontamination and the pump casing will
be cut into segments for either decontamination or directly packaged for disposal (see Figure 7).

Figure 7. Main Pump Removal
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Pressurizer (PRZ)
The pressuriser will be lifted as one unit by the polar crane and transferred to the reactor cavity for
segmentation using hot cutting techniques and, where applicable, clamshell cutters. Waste produced as
a result of the pressurizer sectioning will be processed for decontamination or as packaged as
radioactive waste in the WMF (see Figure 8).

Figure 8. Pressuriser Removal and Segmentation

Fuel pool liner and contaminated concrete removal
The pool liner will be segmented using thermal cutting. Liner sections will be packaged for processing
in the WMF. The pool liner removal protocol and sequence were selected on the base of good
contamination control practices and efficient use of personnel. Health physics technicians will perform
surveys to identify and assess the contamination level in each zone. For safety and contamination
control reasons, the floor liner will be the last to be removed and surveyed.
The concrete removal sequence will follow the same regime as the liner. Contaminated concrete will
be packaged and transferred to the WMF for processing.
The remainder of the plant and equipment will be removed using tried and tested methods. Examples
include the polar crane, which will be removed from inside the containment structure using hydraulic
jacks placed on the reactor deck level. The crane will be lowered and segmented prior to despatch to
the WMF for cleaning and disposal.

WASTE, DOSES, AND ENVIRONMENTAL IMPACT
Waste
A prime consideration was to develop a strategy that minimizes waste while delivering a cost effective
decommissioning programme that could meet the time restraints imposed by outside agencies. The
Trino strategy has demonstrated that a waste management facility (WMF), that will be able to treat
most of the waste generated on-site allowing a significant amount to be released off site for re-use, can
be usefully constructed.
The non-releasable material is estimated to be about 2000 t of the total dismantled material, about
214000 t (see Table 3); this means about 4000 m3 of treated/conditioned waste will be sent to the
National Repository.
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Type of Waste

Quantity (t)

Non-radioactive

130,000

Releasable

82,000

Non-releasable

2,000

TOTAL

214,000
Table 3. Waste from decommissioning

Doses
The estimated collective dose due to the whole decommissionmg programme is about 3.8 man-Sv
(less than 20% of the total doses related to the plant previous total operation); the dose relating to the
Reactor Building dismantling is about 3 man-Sv (80% of the total one).

Environmental impact
Discharge restrictions are fixed in order to limit the environmental impact of the dismantling
operations, the decommissioning activities have to be performed giving less than 10 microSv/year to
the surrounding population (1/100 of the Law regulations). The estimated environmental impact is less
than 30% of the limits fixed by discharge formula. Abnormal conditions are considered as well, but
the discharge will never exceed the normal condition limits.

SUMMARY AND CONCLUSIONS
The combination of Sogin's plant knowledge with BNFL's decommissioning experience and
methodology has resulted in the generation of a safe methodology for the prompt decommissioning of
the Trino reactor that minimize both workers and population doses, radioactive waste and
environmental impact.
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Abstract. The first Egyptian research reactor ET-RR-1 is a 2MW tank type, with light water as moderator,
coolant and reflector. It went critical for the first time in the fall of 1961. As the lifetime of this reactor is
approaching 40 years, a plan for decommissioning is essential to be ready in case it is decided to decommission
the reactor. The paper presents an illustrative calculation of the activity of some radioactive parts, i.e. core tank,
core grid, cast iron, graphite in the thermal column and concrete biological shield. The operation time and
shutdown of the reactor through its lifetime are taken into consideration in activity calculations of the above
radioactive components. An extended cooling time of 50 years is made for the main radioactive inventories
existing in the radioactive components under study. This study showed that the important radioactive
radionuclides are expected to be 60Co and 55Fe which are present in the core tank as a trace elements and in large
quantities in other construction materials. The main sources of activity from the radioactive inventory are
discussed and presented in some figures.

INTRODUCTION
The first Egyptian research reactor (ET-RR-1) is a 2MW-tank type reactir, with light water as its
moderator, coolant and reflector. It went critical for the first time in the fall of 1961. As the life time of
this reactor is approaching 40 years, and the available fresh fuel (EK-10) is not enough for a
reasonable time of operation, the Atomic Energy Authority (AEA) launched an in-depth program to
decide upon the condition of the reactor and hence its future. Decommissioning the reactor is one of
the present alternatives. This requires preparing a decommissioning plan for this reactor. [1]
The IAEA has developed a framework to classify and define the three decommissioning stragegies [2]
Immediate Dismantling;
Safe Enclosure
Entombment
The final goal of the above framework is to remove the radioactive and hazardous material and to
eliminate the risk to human health and environment.
In any nuclear facility there are two main sources of radioactive material, the first one is radioactive
material generated in the nuclear process, e.g. fission products, and the second is from neutron
activated stationary material in and surrounding the reactor core [3],
This paper describes work aimed at estimating the radioactive inventory, which is caused only from
neutron-induced activation of some stationary parts in the ET-RR-1 reactor. These parts, namely the
reactor core tank, reflector tank, shielding tank (the dimensions of these tanks are given in Table 1),
cast iron, concrete biological shielding and the graphite surrounding the thermal column, see Fig.l.
Many of the radionuclides present in the neutron activated structures of the reactor have high specific
radioactivity levels, but because of their particular decay half-lives, decay processes or both, do not
contribute significantly to the radiation dose rate during decommissioning. Other radionuclides have
lower specific radioactivity levels but produce large contributions to an external dose rate because they
emit high-energy gamma rays [4].
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Table 1. Dimensions of ET-RR-1 reactor tanks
Components
Core tank

Outer diameter, mm

Height, mm

Wall thickness mm

680

1850

7.5

Reflector tank

1130

5440

12.0

Shielding tank

2300

5250

16.0

The present calculations consider the long-lived activity of the above reactor structural materials to
decide the dismantling strategy and its management. Since there have been no occurrences of in- core
accidents at the ET-RR-1 reactor, the fission products or actinide contamination within the reactor
components and biological shield have not been taken into consideration.
The radioactive inventory is calculated on the basis of real reactor operation over the reactor life and
until the present date. The activity of the long-lived isotopes is also calculated at different periods of
cooling time extended to 50 years. The quantity, dimensions and mass of the structure material under
study have been obtained from reactor documents.

CALCULATION METHOD
To calculate the inventories of neutron radionuclides, the main data required are the neutron flux
distribution by energy group through the material, material composition of the target material, and
exposure time.
The material used in the reactor components under study are aluminum, mild steel, concrete and
graphite. The radioactivity of each component is dependent upon the major elements in the
components and also upon the concentration of trace elements.
The two energy group neutron cross sections of the material in the homogenized fuel zone, and in the
structures surrounding the reactor core, are calculated by using WIMSD4 code. For generation of the
axial and radial neutron flux distributions throughout the fuel zone and surrounding components, a
two-dimensional multigroup diffusion code MUGDE-2 is used [5].
The duct effects as a result of the volumes of the vertical and horizontal irradiation channels in the
reactor are taken into consideration during the neutron flux distribution calculation. The values of
radial and axial fast and thermal neutron flux through each type of structure material in the reactor are
used in the radionuclide inventories calculations of the material components.

Radionu elide inventory calculation
As the nuclear facility generates neutrons, the interaction of some of these neutrons with the
surrounding material causes activation of the material into different isotopes. These isotopes are
radioactive with different half-lives. The long-lived isotopes are of significance for radiation effects
and must be calculated to determine waste material volume, radiological hazards and disposal
activities for the decommissioning study. In general, the activity of the material can be calculated by
the following equation [2].

i /dt = Si 0 - Ai ni
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where

n;

is the number of atoms of isotope i

dt

is the time period for calculation

£j

is the macroscopic cross section for generation of nuclide i

0

is the constant flux during time period dt

A.j

is the decay constant for nuclide i

The activity of isotopes i at a time after irradiation is given by
A j = l / k [ I j Ejj
where:

E 0n

(1-e-Mn ) e-Vcn ]

Aj

is the activity of isotope i from parents, Ci

Y.{;

is the macroscopic cross section for generation of nuclide i from parent isotope j

0n

is the constant flux during time period n

k

3.7 x 1 0 ^ disintegration per second per curie

tn

length of irradiation time period n

xn

length of post irradiation time period n.

The activity of some long lived isotopes like 5 5 Fe , 6 0 Co , 5 9 N i , 6 3 N i , 9 3 Mo, 9 4 Nb, 151 Sm, 1 5 2 Eu,
and 154g u g^ calculated and used to estimate the global activity of the structural material of the ETRR-1 reactor after a cooling time up to 50 year.
RESULT AND DISCUSSIONS
The ET-RR-1 reactor has no reference specimen to estimate the activity of the different radioactive
isotopes included in its material structures by measurements. So this estimation is depending only on
the theoretical calculation of the interest isotopes, which compose the structure material of the reactor.
For the aluminum tanks, the main trace elements, which affect the tanks activity, are ^ F e ,
^ 9 Ni, "3Ni ; 60£ o a n ( j 65z n After a 50 year cooling time, the calculation shows that these tanks have
a small amount of activity that is dominated by 60co activity. The radionuclides in aluminum tanks is
presented in Fig.2, through a 50 year cooling time. The ^¥e, 56jyjn) 59NJ ; 63NJ a n c j 6 0 c o
radionuclides are responsible for cast iron activity. Fig.3 shows the activity of these elements and its
decay with time. Also the radionuclides, 60c o anc j 6 3 ] ^ h a v e a significant contribution in the
remaining activity. Radioactive inventory of the elements composing the concrete biological shield
are calculated and presented in Fig. 4.
This calculation includes 20 cm of concrete which is in the vicinity of the biological shield which
indicates that small quantities of radionuclides are present in the concrete, e.g. " F e ,
154g u w hich cause low level radioactivity in the concrete.
The activities of the long-lived radionuclides that exist in the graphite surrounding the thermal column
are calculated. Fig. 5 represents this activity with the above cooling time. It is clear that the graphite
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has low-level activity and the trace element isotopes in it have an insignificant effect.

CONCLUSIONS
The decommissioning study of a reactor needs a best estimate of the radioactive inventory in the
structure material of the reactor. It has been assumed that a material is radioactive if its activity
exceeds a 3.7 x 1CP Bq f"* [6], The conservative calculations show that the activity of the structure
material of the ET-RR-1 under study has low activity after 50 year of reactor shut-down. The long
half-life isotopes of the trace elements contained in the structural material are important in determining
the activity estimation and must be taken into consideration. The intermittent of the reactor operation
and low reactor power play a big role in the limited activity of the structural material of the ET-RR-1
reactor.
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Fig. 1. ET-RR-1 reactor horizontal section.
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Abstract. The dismantling of nuclear facilities, and in particular of nuclear power plants, involves new
challenges for the nuclear industry. Although the dismantling of various activated and contaminated components
is nowadays considered as almost industrial practice, the safety aspects of decommissioning bring some specific
features which are not always taken into account in the operation of the plants. Moreover, most of the plants and
facilities currently decommissioned are rather old and were never foreseen to be decommissioned. The
operations involved in dismantling and decontamination, often imply new or unforeseen situations.
On the nuclear, or radiological side, the radioprotection optimisation of the operations involved often requires to
model the environment and to analyse different scenarios to tackle the operation. Recent 3-D software (like the
Visiplan software) allowing representation of the actual environment and the influence of the various sources
present, is really needed to be able to minimise the radiological impact on the operators. The risk of
contamination spread, by opening loops and components or by the dismantling process itself, is also an
important aspect of the radiological protection study.
Nevertheless, the radiological aspects of the safety approach are not the only ones to be dealt with when
decommissioning nuclear facilities. Indeed, classical industrial safety aspects are also important: the dismantling
can bring handling and transporting risk (heavy loads, difficult ways, uneasy access, etc.) but also the handling
of toxic or hazardous materials. For instance, the removal of asbestos in contaminated areas can lead to
additional hazard; the presence of alkali metals (like Na or NaK), of toxic metals (like e.g. Beryllium) or of
corrosive fluids (acid,...) have to be tackled often in unstructured environment, and sometimes with limited
knowledge of the actual situation. This leads to approach the operations following the ASARA principle (As
Safe As Reasonably Achievable) instead of the rather restricted ALARA principle.

INTRODUCTION
The BR3 (for Belgian Reactor Nr 3) was the first PWR installed in Europe. In service since 1962, it
was shutdown in 1987 after 25 years of operation. It is a quite small reactor with a thermal power of
40.5 MWth. At the end of its operating life, the European Commission, in the framework of its fiveyear plan of RTD, selected in 1989 the BR3 as one of the four pilot decommissioning projects on
decommissioning of nuclear installations.
The main steps of the decommissioning programme up to now were:
Full System Decontamination of the primary loop in 1991,
Dismantling of the high active thermal shield with three different techniques, of the
Vulcain internals and of the first set of Westinghouse internals (30 years decay time) by
mechanical cutting up to 1996,
The dismantling of the auxiliary circuits started in 1995 and is still going on,
The dismantling of the reactor pressure vessel ended in 2000,
The construction and start of the exploitation of thorough decontamination processes for
dismantled pieces during the period 1996 to 1999.
For the dismantling of the contaminated loops, we decided to reduce the dose rate of the loops by
chemical decontamination, to dismantle the pieces and to sort them following their specific evacuation
route and, finally, to thoroughly decontaminate the pieces with the objective to minimise the amount
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of materials disposed of as radioactive waste.
Moreover, the clean up of the whole research centre, financed by a technical liabilities funding set up
by the Belgian Government in 1989, also involved the dismantling and decommissioning of hot cells
and contaminated research laboratories, some of them even having led to the official release for
unrestricted reuse of the building.
More than 10 years of practical experience on decommissioning has thus been accumulated through
these projects. The BR3 decommissioning project was not only selected as a European pilot project
but was also considered as a Belgian pilot for the authorities and as a SCK'CEN pilot project for the
complete implementation of the ALARA principle and for an integrated approach of industrial and
radiological safety.

THE SPECIFIC SAFETY ASPECTS AND THE NEW CHALLENGES OF
DECOMMISSIONING
The specific aspects of safety in decommissioning will be regarded at two different levels: the
radiological one and the industrial one. Then, the potential influence of one aspect on the other will
analysed. Decommissioning involves new challenges as it requires working in a continually changing
environment, on operations for which the installations were not foreseen, and often with poor or scarce
documentation on the facilities to be handled.

The radiological aspects
The main problems or issues faced when dealing with decommissioning are probably the following
ones:
required presence in areas with potentially high radiation field,
opening of loops and piping with internal contamination,
continuously changing environment by the dismantlement of parts of the installation, sometimes
including shielding,
potential unforeseen situation due to the quality of the remaining documentation and to the fact
that the installations were often never foreseen to be decommissioned, and
"one-shot" operations, implying sometimes heavy preparation to be distributed only to one
operation, thus economically less interesting than repetitive operations.
All these situations were encountered in the BR3 pilot decommissioning project, and led to the
implementation of a formal ALARA procedure to deal with such kinds of issues.
However, the optimization of the radioprotection should take complete operations into consideration,
in order to avoid transferring the radiological risk from one operation to the next one or to a future
operation in the follow up of the project. Let us illustrate this by two examples.
The first one concerns the decontamination of the primary loop and auxiliary circuits. This operation
concerned the whole primary loop, including the reactor pressure vessel. The operation itself implied a
significant dose uptake for the operators, mostly because the reactor head had to be closed, and this
activity is still performed "by hand" on this old reactor generation. The total dose uptake for the
operation was about 160man-mSv (preparation and post decontamination operations included), but
allowed to save between 4 to 7 man-Sv for the future dismantling of the primary loop (carried out
almost 10 years later). The dose rate in the vicinity of the loop was reduced by a factor of at least 10,
leading to an ambient dose rate between 60 and 80 uSv/h.
This shows that the optimisation of the radioprotection must take future operations into account for
getting the whole scene.
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The second one concerns the optimisation of the dismantling of the primary loop piping and all
auxiliary equipments situated in the primary loop area. This operation was quite complex, involved a
lot of equipment and components, and left various potential alternatives open for the chronology and
working procedure.
The SCK'CEN developed a user-friendly optimisation tool (so called "Visiplan") at the end of the
90's, which allows to analyse rapidly, and in a 3D graphical way, different scenarios and procedures.
The area was then simulated (see fig. 1.), and different alternatives were envisaged. The use of this
efficient tool allowed the procedure to be optimised and the changing environment of the plant to be
taken into account (fig.2 and 3).
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Fig. 1: Schematic representation of the
operation room

Fig. 2 and 3: Primary loop area before and
after dismantling

Industrial safety aspects
It is obvious that a decommissioning operation implies several aspects of classic industrial safety.
Such an operation can be compared to building construction yards, with additional constraints coming
from the radiation and contamination protection aspects (like e.g. the wearing of gloves, overshoes,
overall, full-face mask, pressurised suit, shielding, etc.). The classic risks of falling, load-handling
accidents, wounds from cutting tools, etc. are obviously present in a decommissioning yard.
Nevertheless, the decommissioning of a nuclear facility presents also some specific safety aspects,
which must also be taken into account.
The changing environment is the first one, as protective equipment can be dismantled, infrastructure
equipment can be removed and, sometimes, structural integrity must also be regarded. Moreover, the
operators working on a dismantling yard are not always fully aware of the new risks and dangerss
which can be encountered; this is mostly the case when former nuclear operators of the dismantled
plant are mobilized for this new type of activity.
A second important aspect is the potential presence of toxic or dangerous material present in the
dismantled plant; like e.g. asbestos in thermal insulation or in cement, acids or chemicals remaining in
tanks and piping or used as decontaminating agent. It is often necessary to train the operators to be
able to face these risks and to know what precaution has to be taken.
The combination of industrial and radiological risks can also be a specific aspect of the operation,
leading to adapted procedures and methods and to look for a way of minimizing risk instead of
focusing only on the radiological aspect of the safety. This will be indicated in the next paragraph.
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The influence of one safety aspect on the other one, and the ASARA approach
Sometimes, the influence of one safety aspect on the other can be important, and one should then
apply a broader concept than the ALARA principle to improve the safety of the operators and the
environment. This will be highlighted by two typical examples from the BR3 dismantling project.
The first one is quite a typical case, where the radiological aspect was only considered by the operator.
It was given the name "ladder syndrome" by our internal health physics department. Some operator
who had to work in a controlled area with a ladder was wondering about the potential contamination
of his tool. His ladder was made out of aluminium, so the decontamination should be performed easily
afterwards. Then he considered that the rubber pieces placed at the extremities of his ladder would
give rise to problems for further decontamination. These safety-related rubber pieces were placed to
stop the ladder from slipping during use. Our worker decided to put some little plastic bags around the
rubber extremities to protect them against the potential contamination. Then he went into the
controlled area and used his tool - which slipped! The worker fell and broke one of his legs. He had to
stay home for three months! This is a very simple example of interaction between radiological and
non-radiological hazards. There are many other cases. The question is then "By optimisation of the
radiological side of our work, do we not transfer some risks to the non radiological field?"
The second one concerns the removal of asbestos in places difficult to access. Elimination of the
thermal insulation from the legs of the reactor pressure vessel at BR3. This set of operations took place
during the month February 1999. Workers belonging to the staff of BR3 performed the related tasks.
This was the result of preliminary discussions with the administration of the Technical Inspection on
the Workplaces. Indeed, due to the limited quantities of asbestos which had to be taken away and to
the very well defined tasks to be performed, it concludes that the nuclear know-how and the safety
features usually applied were adequate and that the managers of the BR3 didn't have to work with a
licensed external firm. The estimated collective dose was 3,3 man-mSv and the received collective
dose was 2,8 man-mSv (9 days and 10 workers).
Another asbestos removal yard was performed for the insulation of the primary loop. The work was
performed as foreseen by a specialised and licensed company but some modifications were brought
and some requirements were added too. For example, instead of working "top-down" as far as the
removal of asbestos was concerned, the contractor accepted to begin in the middle of the steam
generator. This decision was taken as a result of the pre-job ALARA study performed with the
software VISIPLAN. Another example is related to the use of the full-face masks. After a few days,
due to our additional check-up for internal contamination, it seemed that the masks in use in nuclear
areas were more efficient and that they gave more guarantee for the safety of the workers. A third
example copes with "at random" check-up in the Whole Body Counter for potential internal
contamination. This has led to evidence of malfunction (or misuse) of personal protection equipment
and led to more severe requirements. On the other hand, this supplementary measurement was
accepted by the workers very well. Their fear, as far as nuclear risks were concerned, has really
decreased! Finally, the dose for each worker was recorded daily and transmitted to the partners
(contractor, BR3, Health Physics and Safety Department). Finally the operation took 35 days (instead
of 50 as estimated) and the cumulative dose uptake amounted to 19.2man-mSv instead of 89 as
estimated.
These aspects of mutual influence of industrial and radiological safety, as well as new trends indicate
the need for an extension of the ALARA approach to a broader extend, i.e. introducing the concept of
ASARA principle, for As Safe As Reasonably Achievable.
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CONCLUSIONS
The dismantling of nuclear installations is leading to several new challenges on the technical side but
also on the safety approach. The mutual influence of radiological and industrial safety on
decommissioning yards have led to the introduction of the ASARA approach, for reducing and
minimizing the total risk for the operators and the environment. These aspects were applied practically
at the BR3-PWR pilot dismantling project.
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BN-350 FACILITY HISTORY
The BN-350 plant was constructed in 1972 to serve several purposes. It was to be a benchmark as the
first commercial size sodium cooled fast reactor, providing 350 MWe electric power for the city of
Aktau for commercial and residential use and serving as a desalinization plant for the city's water
supply (producing 120,000 m3 of fresh water a day). Although its most nefarious purpose was to
produce weapons grade plutonium for the Soviet Union's weapon complex, none of the plutonium
produced by BN-350 was ever used.
The BN-350 achieved first criticality in 1973 and being designed for a twenty-year life span, was
operated on a routine basis until 1992. In 1992, the government of Kazakhstan began extending its
operating license on a yearly basis. In 1995, the United States and Kazakhstan began working
cooperatively to package spent fuel assemblies located in the spent fuel pool that presented a
proliferation risk. The reactor was still in operation at that time, but there was an understanding
between the United States and Kazakhstan that Kazakhstan would cease operating the reactor no later
than 2003.
In 1998, the IAEA conducted a safety review of the facility. It was determined that the BN-350 needed
major upgrade in order to continue to operate safely. In February 1999, the Minister of Science and
Education, Dr. Vladmir Shkolnik, sent a letter to the US Embassy asking for technical assistance in the
areas of fire protection and lowering the radioactive cesium concentration in the reactor's sodium
coolant. Before a meeting on the subject took place with United States, Kazakhstan unilaterally
declared on April 22, 1999 that it would shutdown the reactor. In May 1999, at an IAEA sponsored
Decontamination and Decommissioning (D&D) workshop, the Kazakhstan government formerly
requested financial and technical support from the US and other IAEA member states. The United
States responded immediately with initial fire safety upgrades and then made an official arrangement
between the U.S. Department of Energy (DOE) and the Kazakhstan government in December 1999 on
further assistance.
The Kazakhstan decree stated their intention to put the reactor into a radiological and industrially safe
configuration within a five-year time frame, a process called SAFESTOR, and maintain that
configuration for a period of fifty years at which time dismantling would take place. Placing the
reactor into a SAFESTOR condition allows for radioactive material to become less radioactive and
defers large capital expenditures. For a new state with no experience in reactor decommissioning and
little money for such an expensive endeavor, this seemed to be the best course of action.

TECHNICAL ISSUES OF REACTOR SHUTDOWN
The steps associated with the shutdown of the BN-350 include decontamination of sodium coolant,
draining and deactivation of the bulk sodium coolant to an environmentally safe material, deactivation
of the residual sodium coolant, and closure of the systems after draining. There are also key safety
upgrades necessary to support this activity.
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Technical Description of the BN-350
The BN-350 reactor is housed in a single building located at the Mangyshlak Atomic Energy
Company (MAEC). This building contains the reactor, control room, spent fuel pond, hot cell
facilities, office space and other ancillary facilities required to operate the reactor. Fresh fuel may be
stored within the reactor building itself or in a separate secure fuel storage building. The core or
'driver' fuel elements contain U-235 enriched up to 26% and the blanket elements contain depleted
uranium. Unlike US and European reactors, the BN-350 and Soviet era reactors have no containment
separating the reactor from the rest of the plant. This represents a significant safety risk.
The BN-350 reactor is a loop type reactor with three coolant circuits. The primary and secondary
circuits contain sodium while the tertiary circuit contains water. Heat is transferred between the
circuits utilizing heat exchangers. In normal operation, 5 loops are in use and one loop remains in
standby. The advantage of a loop-type reactor over a pool reactor is that if there is a problem with one
of the loops, it can be sealed off and the reactor can continue to function.
The core of the reactor is approximately one meter in height and 1.6 meters in diameter. The reactor
used enriched uranium oxide fuel in 226 stainless steel fuel assemblies. The plant was designed to be
refueled approximately every 90-120 days. The reactor vessel is 12 meters high and 6 meters in
diameter, containing both the core and the breeding blanket.
According to reports, there have been several accidents at the site of the BN-350 reactor. The largest
of these accidents occurred in 1974 when the steam generator pipes depressurized and water entered
the secondary circuit, mixing with the sodium and causing a water-sodium explosion.

Safety Upgrades
The U.S. fire protection engineers and BN-350 fire protection engineers jointly conducted an
assessment in April-May 1999: their goal was to focus on the fire protection needs for a plant in a
shutdown status. The assessment identified a clear and present danger to personnel and equipment
particularly during shutdown operations involving sodium. A major fire would jeopardize personnel
safety and material security and could lead to a major regional environmental problem.

Cesium Issues
Due to previous fuel failures and experimental assemblies, BN-350's primary sodium coolant is
contaminated with an estimated 3.7xlO14Bq (10,000 curies) of Cesium137. The current Cesium137 level
in the BN-350 primary sodium has been estimated to be 740,000 Bq/g (20,000 |uCi/kg). The EBR-II, a
similar U.S. reactor located at Argonne National Laboratory in Idaho, measured a final concentration
of approximately 370 Bq/g (10fJ.Ci/kg) before it was decommissioned. At this level, the contact dose
rates from containers containing BN-350 primary sodium could be expected to be in the low milliRem per hour range just from the Cesium137. The US Department of Energy sets a whole-body
administrative dose limit at 2 Rem per year per individual.
In order to mitigate the safety issues resulting from such high cesium contamination, US and
Kazakhstani engineers began to develop a cesium trap design based on the experience and technology
of Argonne National Laboratory. The design objective was to reduce the cesium activity concentration
in the sodium to the same level reached in EBR-II prior to sodium draining; that is about 370 Bq/g
(lOuCi/kg).
Using detailed information from the EBR-II reactor at ANL-W, the design team developed a cesium
trap system suitable for use within the BN-350. This team consisted of engineers and scientists from
Kazakhstan as well as the United States Department of Energy (ANL-W). As part of the design effort,
a detailed safety analysis was performed to ensure the safety of the proposed design.
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Following the approval of the design and safety analysis by the Kazakhstani regulatory body, a
certified company within Kazakhstan fabricated seven cesium traps. The Byeklamit facility, located
in Almaty, Kazakhstan, fabricates pressure vessels for the oil and gas industry as well as other
equipment in accordance with international codes and standards, including ASME and PNAE-G.
The traps will be installed in the primary coolant system one at a time. Each trap contains a core of
reticulated vitreous carbon (RVC). The RVC acts as a filter as the sodium passes through it, trapping
the cesium. Once a trap becomes saturated, another trap will be installed until all seven traps have
been used and acceptable levels of cesium are achieved. The cesium traps, each with its own integral
shielding, will be removed and stored as high-level waste.

Sodium Draining
The next shutdown activity is the draining of the sodium from the primary loops, secondary loops and
the reactor vessel. The primary coolant loop for the BN-350 contains about 500 cubic meters (130,000
gallons) and the secondary coolant circuits contain about 450 cubic meters (about 120,000 gallons) of
liquid sodium. The primary loops of the BN-350 were designed so that they could be drained as
necessary for maintenance and then easily refilled. The primary vessel itself, however, was not
designed to be drained, hi order to support the complete draining of the primary vessel, a specialized
system will be designed and installed.
Even after draining, it is anticipated that the primary vessel will still contain approximately 3 cubic
meters of residual sodium below the bottom deflector plate of the reactor vessel. There will be another
3 to 4 cubic meters of residual sodium left in primary system locations. This "residual" sodium must
be deactivated to prevent hydrogen gas build-up. A system will be designed to carry a cover-gas to
the primary and secondary circuits to deactivate the residual sodium.

Sodium Processing
Currently the BN-350 has no capability to either process or deactivate sodium. To that end, the U.S.
has proposed to assist Kazakhstan in this area. It is planned to convert the bulk sodium to anhydrous
sodium hydroxide, which is a solid form that will be put in drums. It is estimated that there will be a
total quantity of solid waste from processing of 1300 cubic meters. However, in order to complete the
processing of the sodium, a facility must be constructed. The BN-350 sodium processing facility will
be either located inside the BN-350 reactor building or separately just outside the building with a
sodium transfer line connecting the facility with the building. The waste will ultimately be disposed
in a radioactive waster landfill, whose location has not been determined.

Decommissioning Planning
The Kazakhstanis have opted to place the reactor into SAFSTOR for a period of fifty years before
finally decommissioning and dismantling. The above-mentioned technical procedures are all part of
placing the reactor into SAFSTOR. hi parallel, the United States, in cooperation with the European
Union, the United Kingdom, the International Atomic Energy Agency (IAEA) and Japan, is working
with the Kazakhstan to produce a detailed decommissioning plan to present to the IAEA for peer
review, eventually leading to a donor's conference. This work has been on-going for several years and
the plan is in its final stages. The plan will be submitted to the IAEA for peer review before the end of
2002.
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Abstract. Decommissioning of nuclear plants and components demands the proper management of the process,
both for economic reasons and for retaining public confidence in the continued use of nuclear power. Surface
decontamination has an important role to play in decommissioning. A new development, the EPRI DFDX
process, produces secondary waste from decontamination in the form of powdered metal rather than ion
exchange resin, thereby reducing the volume of secondary waste for storage and eventual disposal. The process
has been patented and licensed and is due to be field-tested on a number of sites starting in 2002. Although the
purpose of the process is to clean materials sufficiently to achieve unrestricted release, in practice there is some
public unease at the prospect of formerly contaminated materials passing into unrestricted use. Greater public
support for recycle can be achieved by recording the provenance of decontaminated materials and recycling them
back into restricted uses in the nuclear industry. Because the materials have first been decontaminated to below
free release levels, there is no objection to using non-radioactive facilities for the recycling and manufacturing
activities, provided that the materials are properly tracked to prevent their uncontrolled release.

INTRODUCTION
Decommissioning of retired nuclear plants and components demands the proper management of the
process, both for economic reasons and for retaining public confidence in the continued use of nuclear
power for electricity generation. The cost and ease of management of radioactively contaminated
components can be greatly assisted by the application of decontamination technology.
Much of the material which requires to be managed in retired facilities is contaminated with
radioactivity on the surface only. The efficient removal of the surface radioactivity makes the
dismantling task easier and provides savings in the cost of waste management. If the decontamination
is efficient enough the material may even be recycled rather than disposed of as waste.
Decontamination technology has been extensively developed for use in LWR reactors for reducing
operational radiation exposure during maintenance of the plants. The decontamination process is
applied to the reactor circuit or sub-circuit at the beginning of the maintenance outage to remove the
majority of the radioactivity present on circuit surfaces. One such process, which was developed with
EPRI support and has been extensively applied commercially, is the LOMI process. These processes
developed for operational use are designed to avoid any possible damage to plant materials (to ensure
further safe operation) and are not sufficiently aggressive for the purpose cleaning materials for
decommissioning.

DECONTAMINATION
The EPRI DFD Process
EPRI initiated a program of research and development work in collaboration with Bradtec, which has
led to the "EPRI DFD" (Decontamination for Decommissioning) Process. The Process has been
patented and licensed to six companies worldwide. The purpose of this process is to achieve efficient
removal of radioactivity with minimum waste from retired nuclear components and plant systems. The
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process uses dilute fluoroboric acid with controlled oxidation potential. By removing all the outer
scale and a thin layer of base metal from the surfaces, contamination can in many cases be reduced
below the levels required to allow clearance (free-release) or recycle to form new components for the
nuclear industry. This reduces the need for on-site storage or burial of large amounts of contaminated
material at low level radioactive disposal facilities. An additional benefit is that residual radiation
fields can be reduced by a large factor, which reduces the worker radiation exposure associated with
decommissioning. Furthermore, this dose rate reduction improves the viability of early dismantlement
following plant closure, as opposed to waiting for a prolonged period for radioactive decay to occur.
The results obtained in early applications of the EPRI DFD process, described in a paper at Spectrum
'98, [1] demonstrated the benefits of taking this approach.
The EPRI DFD process has been applied successfully by EPRI licensees to many different
components, in addition to the primary coolant systems of Big Rock Point BWR and Maine Yankee
PWR, including pumps and heat exchangers, and material from DOE facilities. A key aspect of the
existing technology that required further development for new applications of the DFD process is the
management of secondary waste. The process produces ion exchange resin as the final waste form and
disposal of the resulting radioactive ion exchange resin is unpopular and expensive, and is therefore
the main constraint limiting further applications. For this reason, market penetration has been
relatively slow.

The EPRI DFDX Process
A new development to overcome this disadvantage has been demonstrated in laboratory tests, and a
patent application has been made. This is an adaptation of the technology of electrochemical ion
exchange, previously developed by EPRI for application with the LOMI decontamination process.
In electrochemical ion exchange, conventional cation exchange resin is used to take the metallic and
radioactive ions out of the decontamination solution. However, instead of the resin being in a selfstanding column, it is "sandwiched" between a cathode and anode compartment. The boundaries
between the cathode, resin and anion compartments are formed by cation selective ion exchange
membrane, which only permits the passage of cations. Electrodes are placed in the cathode and anode
compartments, and electric current is passed through the cell while the solution is flowing through the
resin compartment. At the anode protons are formed, which travel through the cation membrane.
These protons displace metal cations held on the ion exchange resin, and the metal cations then pass
through into the cathode compartment, where the metal ions are deposited as metal (Figure 1). The
metal powder, consisting primarily of iron, nickel and cobalt (including cobalt-58 and cobalt-60
radioisotopes) is easily collected. No other wastes are generated, and thus the new development will
represent almost theoretical efficiency of decontamination.
This development of the electrochemical ion exchange process to work with the EPRI DFD Process
(called "EPRI DFDX") is almost finished, with only the optimization of the cell design to maximize
efficiency remaining to be completed. The overall process enables the collection of radioactive
contamination from a thin layer of the surface of components and systems and its conversion into
metal powder for disposal, driven by electrical energy.

-282-

Decon Solution
inlet

Ion Exchange
Membranes
Anode

Cation
Exchange
Re$in

Waste Collection
Container

Figure 1 - DFDX Cell Schematic
Application of EPRI DFDX is possible with small equipment, and the economics are favorable. This
development can reduce the volume of waste arising from the EPRI DFD Process, by a factor of 10.
Waste volume reduction achieved by electrochemical ion exchange permits collection of the
radioactive residue as metal particles, which can conveniently be fluidized into a small container for
storage or disposal as radioactive waste. The volume of the metallic waste is sufficiently small that
storage, for example, in a nuclear facility's fuel pool, to take advantage of radioactive decay, is
technically feasible.
Potential applications for the process include replaced components from operating nuclear power
plants (such as retired steam generators), and material from DOE facilities and decommissioned power
plants to allow disposal or storage with minimal LLW generation. The controlled reuse of the
decontaminated material in other nuclear applications appears to be economically attractive..
The laboratory-testing phase of the development process for EPRI DFDX has been successfully
completed. During 2002, field tests of the process are planned to start, at a number of nuclear sites,
both in Europe and USA. These tests will decontaminate a variety of discarded contaminated
components. In 2003, the technology will be made available to EPRI DFD licensees for commercial
applications.

PROVENANCE TRACKING
The recycle and reuse of materials has obvious environmental benefits. If materials can be cleaned
and reused this provides an alternative route to disposal of the material and obviates the need to obtain
fresh materials for the new product. The benefits of recycling in conventional (non-nuclear) industry
are well recognized. In a nuclear context the availability of a recycling route can sometimes allow the
early management of facilities or equipment for which no other route is available.
As referred to above, there is ample evidence that decontamination technology is capable of efficiently
removing surface contamination from nuclear materials to meet almost any desired standard of
cleanliness.
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It may seem surprising, therefore, that the cleaning and unrestricted recycle of nuclear materials is not
a more widespread practice. The reservations which hold back this practice are not necessarily
economic and technical, but more social in origin.
There is public unease about the practice of taking formerly contaminated materials, albeit efficiently
decontaminated, into the unrestricted public domain. The unease centres on the potential for mistakes,
(ie materials released accidentally which contravene the required standards) and a concern in some
quarters that even tiny amounts of residual man-made contamination in recycled products could create
health consequences. This latter point might seem inappropriate to many people — evidence continues
to accumulate that small doses of radiation (whether from natural or man-made sources) probably
cause no harm. It can even be argued that over-caution with regulating small doses of radiation has
led to societal costs, which far exceed the benefits. However, fear of radioactivity runs very deep in
the public mind, and thus there is a degree of public support for scientists who are sceptical and put
forward technical justification for continuing caution. Thus the stage is set for a classic confrontation.
First the industry says that the proposed unrestricted recycle practice is economically justified,
beneficial for the environment and reduces overall risks. The pressure groups state that the practice
allows radioactive poisons into the public domain and is merely being proposed for the economic
benefit of the industry. The public does not know whom to believe but instinctively falls on the side
of caution. The result is impasse and no progress.
Another weakness of the current situation is the lack of agreement on international standards for
unrestricted release. While different countries follow slightly different practices there is ample scope
for confusion and dissent, particularly when material crosses frontiers. The continuing uncertainty is
also a barrier to setting up serious recycle facilities and operations. The sudden moratorium on
recycling materials from the USDOE complex caused significant problems due to the significant time
and effort, which had been expended preparing to do this. Without legally agreed international
standards for releasing materials from radioactive controls such government moratoria could happen
anywhere, which makes the setting up of a business based on unrestricted recycling of nuclear
materials a very risky venture.
The answer to these problems may be to try to find a consensus which steers both sides away from the
"no-action" solution. Private discussions have revealed that many of the reservations the pressure
groups (and indeed the public at large) have about recycling nuclear materials are removed if the
material is recycled into a restricted use in the nuclear industry. Whether or not new nuclear power
plants are built, the industry will require large amounts of materials for various facilities in the coming
years (eg waste containers, structural steel, plant and building materials). The idea that these
components should, where possible, be built out of recycled materials appears to command
widespread support. The industry would also be likely to accept this practice if a route could be
identified for a significant proportion of its materials to be treated in an economic manner.
Of course this practice is well established already for certain types of product (shielding blocks etc).
However, the practice has so far been limited because it involves using specific manufacturing
processes set up within the nuclear industry. In most cases the facilities are radiologically controlled
and thus are inevitably expensive, small scale and rather inflexible. It would never be possible to
manufacture the full range of products the industry needs in facilities of this kind.
An alternative approach is to clean materials to free release standards and then pass them through the
normal (non-radioactive) manufacturing chain to form products for the nuclear industry. The
provenance of the materials is "tracked" through the manufacturing chain to ensure compliance with
the restriction to end-use in the nuclear industry. Such an approach will be a priori less economic than
unconditional release of the same material, since the various supply chain organisations have to be
compensated for maintaining the provenance of the material. However, the economic loss may be
quite small and indeed may be reversed by upstream savings (eg more relaxed standards of survey
required). There are several advantages of this approach. Because existing manufacturing facilities
are used there is no need for extensive investment, and there is the flexibility to convert a wide variety
of cleaned material to recycle into almost any nuclear industry product (pipes, valves, fasteners, waste
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containers etc). Finally, the provenance-tracking route may provide an option for management of
materials from a decommissioned facility where currently no other option exists.
Clearly the greatest benefit will be obtained when the material in question has high value. High value
can either be the intrinsic value of the material itself (eg nickel, platinum) or the payment receivable
from the material's initial owner for management of the material. In other words the recycler can
make his money either from selling the material to the end-user, or by charging the initial owner to
manage the material, or both. There is no universal economic solution -just a whole series of options
optimized by the recycler to make money from getting waste materials into nuclear industry products.
This is an ideal activity not so much for the big nuclear companies, but for entrepreneurial small and
medium size enterprises, which have the dexterity to find the routes, which make money.
An example of options is given in Table 1 below for contaminated nickel metal. The numbers are
broadly based on an actual "real life" case. As can be seen the unrestricted release option is the
cheapest, but if this is not permitted, the restricted recycle route is still much better economic value
than direct disposal, and can be done in a way that actually generates net cash for the original owner.
Table 1. Nickel Disposal and Recycling Option Costs (US$ kg'1)

Direct Disposal

Unrestricted Release

Restricted Recycle

1.75

0

0

Decontamination

0

3.2

2.2

Secondary Waste

0

0.5

0.3

Survey

0

0.1

0.1

Sale

0

-6.9

-6.9

Tracking / Special
Treatment Cost

0

0

2.1

1.75

-3.1

-2.2

Disposal

Total

CONCLUSIONS
•

Decontamination can make a useful contribution to the management of materials from
decommissioning of nuclear facilities, both in assisting dismantling and reducing waste costs.

•

The EPRI DFDX Process represents a new development in decontamination, which reduces
secondary waste problems to a minimum.

•

Public concern with unrestricted release has limited the market penetration of decontamination/
unrestricted recycle scenarios.

•

Provenance tracking provides a means to allow material released from radioactive controls to be
recycled back into the nuclear industry in an economic way. Although there is a small economic
penalty this method is likely to be more acceptable to the public than unrestricted release.
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Abstract. In May 1995, the Latvian Government decided to shut down the Research Reactor Salaspils (SRR)
and to dispense with nuclear energy in future. The reactor has been out of operation since July 1998.A
conceptual study for the decommissioning of SRR has been carried out by Noell-KRC-Energie- und
Umwelttechnik GmbH from 1998-1999. The Latvian Government decided on 26 October 1999 to start the
direct dismantling to "green field" in 2001. The results of decommissioning and dismantling performed in 1999 2001 are presented and discussed. The main efforts were devoted to collecting and conditioning "historical"
radioactive waste from different storages outside and inside the reactor hall. All radioactive material more than
20 tons were conditioned in concrete containers for disposal in the radioactive waste depository "Radons" in the
Baldone site. Personal protective and radiation measurement equipment was upgraded significantly. All nonradioactive equipment and material outside the reactor buildings were free-released and dismantled for reuse or
conventional disposal. Weakly contaminated material from the reactor hall was collected and removed for freerelease measurements. The technology of dismantling of the reactor's systems, i.e. second cooling circuit, zero
power reactors and equipment, is discussed in the paper.

INTRODUCTION
The research reactor IRT in the Salaspils site near Riga, the capital of Latvia, was put into operation in
September 1961. The research reactor was originally built according to former USSR design as a pool
type light water-water reactor with nominal thermal power 2 MW.
Since 1975, after physical reconstruction of the reactor, the nominal thermal power of the reactor was
increased to 5 MW.
On 16 May 1995, the Cabinet of Ministers decided, in the Order No. 263, to shut down the Salaspils
Research Reactor (SRR) after 2 years of operation (the decision prohibited obtaining fresh nuclear
fuel) and requested the Nuclear Research Centre of the Latvian Academy of Sciences to start the
preparation of the concept for decommissioning. The operation license for SRR was valid until end of
1999.
A proposal for a technical co-operation project on decommissioning the research reactor was
submitted to IAEA for the years 1997/1998. Five expert missions were organized by the IAEA
between July 1997 and June 1998. According to the Order of Ministry of Environmental Protection
and Regional Development of 12 January 1998, a steering group was set up for the promotion of
Salaspils NRC reorganisation and reactor decommissioning studies.
On 19 June 1998, the reactor was put out of operation and some assemblies were removed from the
core. The Salaspils NRC was in control of the Ministry of Education and Science up to 1 January
1999. According to the decision of Government of Latvia, the Salaspils NRC was to be reorganised by
1 January 1999 into Reaktors Ltd., units of University of Latvia and Laboratory of Metrology. As of
2001 Reaktors Ltd. was reorganized in RAPA, Ltd.
The firm PREUSSAG NOELL started the Salaspils NRC decommissioning and dismantling
conception studies in July 1998. The results of the studies [1, 2] were presented on March 10 at the
Ministry of Environmental Protection and Regional Development (MEPRD). The concepts were the
basis for the Order No. 57 of the Cabinet of Ministers in October 26 1999, which accepted the option
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of direct dismantling of SRR to "green field" with the start of decommissioning and dismantling
procedures in 2001. Decommissioning of the SRR is presented in the report by Cross [3].

THE EXPERIENCE OF DECOMMISSIONING AND DISMANTLING
According to the concept of decommissioning, the preparatory measures should be performed from
1999 to 2002. Their costs were to be supported from the state budget and the Environmental
Protection Foundation (EPF). In 1999, the first year of practical activities for decommissioning of the
SRR and the first results could be discussed and plans were verified. According to the Order of the
Ministry of Environmental Protection and Regional Development from 10 January 2001, the steering
group was set up to co-ordinate the decommissioning of the SRR.

Organization of decommissioning of SRR
It was shown [4-6], that a suitable organization facilitates the decommissioning activities. According
to the policy of the MEPRD, RAPA Ltd. deals with decommissioning and dismantling of the SRR.
The steering group coordinates and the Radiation Safety Centre (RSC) controls all these activities. The
principal schema of the decommissioning organization is shown in Figure 2.1 and it shows how all
decommissioning activities are performed with necessary control and optimization of investments.

Execution of decommissioning activities of Salapils Nuclear Reactor
Execution of a sampling and analysis program was also performed to complete the radiological
information about the SNR. All the territory and buildings were tested to check the possible radiation
contamination. These data are treated and a data base for all buildings and reactor systems has been
prepared now. All decommissioning activities were performed according to scheme in Fig. 2.2. The
dismantling of the second cooling circuit, scientific equipment in the reactor's building; collecting and
treatment of "historical waste" (see Figures 3.3, 3.4).
One of the first tasks was to clean the
territory of the SRR from conventional waste: unused scientific equipment, metallic scrap and other
waste from different laboratories.
Dismantled scientific equipment and material were controlled using a complex for free release. All
material and scientific equipment from the reactor building passed the control using a large scale CCM
radioactive waste monitor, a 200 1 drum control unit or a 50 1 radioactive waste monitor ( gamma and
beta radiation) (see Figure 3.5). Studvik -type concrete containers (see Figure 3.6) with an external
size of 1.2 m x 1.2 m x 1.2 m were used for removing and conditioning the radioactive waste from
interim radioactive waste storages, the reactor hall and scientific labs. In such a way, all radioactive
waste outside the reactor building will be conditioned and disposed of by 2002.
The total amount of different dismantled material is presented in Table 1.
Table 1. Material flux from decommissioning of Salaspils Nuclear Reactor.
Year

1999

2000

2001

Total

Metallic scraps for reuse and
recycling, (tons)

11

31

48

90

Concrete for disposal on site,
(tons)

9

64

230

303

Other material for disposal,
(tons)

3

38

9

50

Conditioned
waste, (tons)

2

7

16

25
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radioactive

waste, (tons)
Conditioned spend sealed
sources and waste, (Bq)

6.2xlOu

4.6xlO12

1.8x10"

12.6x 10u

The main amount of dismantled material ( appr. 95% ) was non-radioactive waste for reuse, recycling
or disposal on site. Dismantling activities were performed by former staff of the Salaspils Nuclear
Reactor using services of different companies, especially, for free released facilities and systems.
Skilled former staff of the Salaspils Nuclear Reactor were dismantling radioactive facilities and
collecting and conditioning the "historical" radioactive waste.
CONCLUSIONS
1.

The concept for the decommissioning of the Salaspils Research Reactor has been prepared and
accepted for the dismantling of the nuclear facility up to "green field" within the next 10 years.

2.

A corresponding structure for the decommissioning of the Salaspils Nuclear Reactor has been
established.

3.

Necessary manuals and work plans for the decontamination of the outside and inside of the
reactor building from radioactive waste were prepared.

4.

Actual work has been carried out to decontaminate the territory and reactor building from
radioactive waste.

5.

The second cooling system and zero power reactor have by now been dismantled.
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Fig. 3. Dismantling activities in the reactor hall.

Fig.4. Dismantling of the unused concrete tank in the SNR yard.
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Fig. 5. Free-release measurements using a 2001 drum radioactive waste monitor

Fig. d. Container with radioactive waste is prepared for transportation to the disposal site.
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Abstract. Nowadays, decommissioning of nuclear power plants has become a key issue for the nuclear industry
in Europe. The phasing out of nuclear energy in Germany, Belgium and Sweden, as well as the early closure of
nuclear units in applicant countries in the frame of EU enlargement, has largely contributed to consider
decommissioning as the next challenge to face.
The situation is slighty different in France: Nuclear energy is still considered as a safe, cost-effective and
environment friendly energy source and EDF is still working on the development of a new generation of reactors
to replace the existing ones. Nevertheless, to achieve this objective, it will be necessary to get the support of
political decision-makers and the acceptance of public opinion.

EDF DECOMMISSIONING STRATEGY
Nine of the EDF nuclear power plants have been definitively shutdown (see following table) and are
currently under decommissioning.
Most of them are first generation units which started operating in the 60s and were definitively
shutdown at the end of the 80s or at the beginning of the 90s mainly for economical reasons. They
were not competitive with the new reactor types under construction at that time ( PWR 1300 MW and
N4 series).
Reactor type

Capacity

Operation Life

Brennilis

HWR

70 MW

1967/1985

Chinon A1

GCR

70 MW

1963/1973

Chinon A2

GCR

200 MW

1965/1985

Chinon A3

GCR

480 MW

1966/1990

St Laurent A1

GCR

480 MW

1971/1992

St Laurent A2

GCR

515 MW

1972/1994

Bugey 1

GCR

540 MW

1971/1992

Chooz A

PWR

300 MW

1967/1991

Creys-Malville
(Superphenix)

FBR

1240 MW

1986/1996

Unit
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Until January 2001, EDF's policy regarding the dismantling of its decommissioned nuclear power
plants was to reach "level 2" (release of non-nuclear facilities) about 10 years after final shutdown and
to postpone final dismantling for another 30-40 years to take advantage of radioactive decay. This
strategy satisfied three categories of stakeholders:
The owner, because expenses were deferred;
The operator, because there is still some activity on site; and
The regulatory body, because decision about final storage solutions could be postponed.
Only the public was suspicious about the real possibility to return to green fields in a reasonable
timeframe.
Today, EDF considers that, if the nuclear option is to remain open, it is necessary to deal with
increasing public opinion concerns for environmental and waste management issues. EDF and the
nuclear industry have thus to demonstrate their ability to control the back end of nuclear power plants
life cycle. Therefore, EDF decided a year ago "to achieve total dismantling of all nine already
shutdown reactors in the next 25 years". This new strategy will provide the tangible demonstration of
the feasibility of dismantling, from the industrial, waste disposal and financial (adequate funding)
points of view.
There are several benefits to this more aggressive strategy:
It will allow addressing safety- and environment-related issues as yet unresolved.
The cost of dismantling first generation units will already have been met when the time comes to
invest in the renewal of the operating PWR park.
Last, it will also provide the opportunity for structuring the industrial organization and
preparedness (engineering and industrial) on which to rely for the final dismantling of the
existing PWR park beyond 2020 (32 units).
To implement this strategy, EDF decided in 2001 to set up an new Engineering Department, CIDEN
(French acronym for Decommissioning and Environment Engineering Department), with 2/3 of the
activity of its 400 employees dedicated to decommissioning.

EDF DECOMMISSIONING PROGRAMME
The decommissioning programme of the 9 EDF units already shutdown has to be completed by 2025.
It will be organised in two stages:
1. The first stage includes :
Final dismantling of Brennilis (green fields) in 2015;
A dismantling demonstration of a PWR reactor building (Chooz A) before starting replacing
the population of PWRs currently in operation; and
Final dismantling of the reactor containment of a GCR (Bugey 1) as a first of its kind.
2. The second stage includes:
Dismantling of the following 5 GCR units (Saint-Laurent A1&A2, Chinon A1,A2 & A3); and
Final dismantling of Chooz A and Bugey 1 in 2025
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Deconstruction: The program
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The successful implementation of this programme relies on:
The simplification of regulatory processes and procedures (3 authorisations are currently
required to cover the entire decommissioning process);
The availability of treatment, conditioning and disposal facilities for specific categories of waste
(graphite, sodium, long-lived, etc.); and
An effective nuclear industry (contractors and suppliers) that will ensure the technical, cost and
schedule aspects of this programme.
Timely availability of waste management solutions is of the utmost importance. Among them, the
main critical issues are:
Opening of a Very Low Level Wastes disposal in 2003 (130 000 tons);
Opening of a new disposal for graphite and radiferous wastes (17 000 tons) in 2010; and
Opening in 2007-2008 of a centralised interim storage (BANEDA) facilty for long-lived
Medium Level Wastes (500 tons including filters, control rods, reactor internals for example).
In order to secure the execution of the decommissioning programme EDF is considering the possibility
of constructing "buffer" storage facilities on site to mitigate the impact of potential delay in the
licensing and commissioning of the new facilities.
Regarding the closely related issue, namely the disposal of high-level radioactive waste (HLW), the
so-called «1991 Bataille» Law defined three prospective investigations that were to be carried out
before 2006. Waste transmutation (CEA mission with assistance from EDF), sub-surface storage, and
deep geological repository (under ANDRA responsibility). These possibilities are all open and under
investigation and EDF intends to be active in all issues.
Not only because its responsibility as nuclear operator is at stake, but also because in the end it will
have to bear the cost of waste disposal, EDF is becoming more and more involved in these projects.

SITES - CURRENT SITUATION
Except for Creys-Malville, the fuel has been removed from all the plants and reprocessed. At CreysMalville NPP the fuel has been removed from the reactor building and stored in a wet interim storage
facility.

Breimilis (HWR)
Brennilis NPP is an experimental reactor and an industrial-size HWR prototype. On November 5,
1999, CEA and EDF announced their joint decision to carry out dismantling activities, aiming to reach
level 3 in 2015. Brennilis would then become the first fully dismantled EDF nuclear power plant site.
The demolition of auxiliaries buildings started this year. The work, level 2, should be completed by
the end of 2004. By then, only the reactor building will remain standing.

Bugey 1
The last of the graphite-moderated reactors built by EDF, Bugey 1 was shutdown in 1994. Partial
dismantling involving decommissioning is expected to be completed by the end of this year. Removal
of graphite cladding packages started this year.
A projec review for the dismantling of the reactor building will be held this year.
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Chooz A (PWR)
The Chooz A NPP is located in the Ardennes region and was definitively shutdown in 1991. It is the
first PWR unit involved in a deconstruction program. A unique feature of this site is that the reactor
and its auxiliaries are installed in two rock caves. The remediation of the auxiliaries buildings has
started and partial dismantling work is under way and should be completed in 2003.

Chinon A
Today, with its three graphite-moderated reactor units, Chinon A NPP represents an interesting
example of an advanced deconstruction site.
In 1986, Chinon Al, the famous spherical construction, was transformed into a museum attracting
around 20,000 visitors each year.
Chinon A2, has reached Level 2, which involves a partial dismantling of the facility, and is now
classified as a basic nuclear storage facility (INB-E).
In Chinon A3, over 90% of the work involved to reach Level 2 has already been carried out.

Saint Laurent A
By 2004, Saint Laurent NPP units Al & A2 should reach the end of their decommissioning stage,
including partial dismantling of some equipment. The site has also a basic nuclear storage facility
(INB-E) for graphite claddings.

Creys-Malville (FBR)
The Creys-Malville NPP, an industrial fast breeder reactor prototype, was shutdown definitively by
government order in 1998. Currently two different technical operations are being carried out i.e.
unloading of the reactor core, which began in late 1999 and should be completed by the end of 2002,
and, simultaneously, some decommissioning work has been performed and more than 90% of the
turbine hall equipment is already decommissioned.
Sodium removal and elimination remains the crucial item on the deconstruction agenda. For now, EDF
has opted for full sodium reprocessing as early as possible. Sodium processing could begin in 2005, to
last over a 7-8 years period.

CONCLUSION
The increasing mobilisation of EDF for the decommissioning of its already shutdown NPPs shows its
willingness to demonstrate its capacity to control the nuclear life cycle from front end to back end. The
successful implementation of the decommissioning programme will not mean the end of nuclear
energy as an efficient way to generate electricity, but will constitute a pre-requisite for the construction
of new nuclear power plants in France.
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Abstract. The paper contains the results of research activity performed by CITON specialists regarding the
assessment methodology intended to be applied to safe decommissioning of the research reactors, developed
taking into account specific conditions of the Romanian W R - S Research Reactor. The Romanian VVR-S
Research Reactor is an old reactor (1957) and its Decommissioning Plan is under study. The main topics of
paper are as follows:
Safety approach of nuclear facilities decommissioning. Applicable safety principles.
Main steps of the proposed assessment methodology.
Generic content of Decommissioning Plan. Main decommissioning activities. Discussion about the proposed
Decommissioning Plan for Romanian Research Reactor
Safety risks which may occur during decommissioning activities. Normal decommissioning operations.
Fault conditions. Internal and external hazards.
Typical development of a scenario. Features, Events and Processes List. Exposure pathways. Calculation
methodology.

SAFETY APPROACH OF NUCLEAR FACILITIES DECOMMISSIONING
Applicable Safety Principles
The decommissioning of nuclear facilities is a topic of great interest in the world, because of the large
number of facilities, which have been built and eventually have to be retired from service. This
problem is of a great interest in our country also because some existing nuclear facilities (research
reactor, waste treatment facility) are at the end of their normal operational life. For currently operating
nuclear facilities, we must make adequate provisions to facilitate their future decommissioning.
Decommissioning is defined to be the activity required to plan the termination of activities at nuclear
facilities. The main objectives of decommissioning are the protection of workers, people and
environment against the radiological and non-radiological hazards resulting from the shut down a
nuclear facility, and, at the same time, to limit the effect that there might be on future generations.
Those objectives mean that, during all decommissioning activities, the workers, the public and the
environment must be protected against the radiological hazards resulted from decommissioning
process.
The safe approach to VVR-S research reactor decommissioning involves both the establishment of
nuclear safety principles and requirements to be taken into account and of a series of analyses, which
ensure that the whole decommissioning process is conducted in a safe and orderly manner.
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For the specific situation of Romanian W R - S Research Reactor, the following requirements and
actions must be stated, during decommissioning process:
(a)

(b)
(c)

(d)

(e)
(f)

radiation protection requirements;
radiation monitoring using activity monitoring systems located in the access control points,
inside the working areas and inside temporary radwaste handling and storage areas.
control the personnel exposure through nuclear zoning of the facility, designating access
routes, controlling access, shielding measures, using protective clothing, planning each
activity to reduce exposure time, useing adequate dismantling tools and decontamination
techniques, etc. For all of the protective measures, the ALARA principle must be applied.
radiological alarm systems must also be used to annunciate any radioactivity increase.
effluent control by providing both the adequate limiting measures and by monitoring
thereleased effluents (special working tents, ventilation and filtering systems, control and
collection systems).
administrative requirements to include surveillance and control of all decommissioning
activities;
physical protection requirements including the control of personnel access, control of
radioactive materials, measures to prevent and detect any intrusion, abnormal conditions or
accidents;
inspection requirements especially if the safe enclosure option is chosen. This includes the
establishment of an inspection programme, inspection methods and remediation actions,
together with inspection reports and registration procedures.
quality assurance requirements. The whole decommissioning process must be conducted/
performed taking into account of a Quality Assurance Programme.
personnel training requirements taking into account the proposed decommissioning
techniques and radioprotection policy. As a practice, the facility operating personnel is
necessary to be used during decommissioning activities (because their adequate knowledge
about facility).

MAIN STEPS OF THE ASSESSMENT METHODOLOGY PROPOSED FOR
RESEARCH REACTOR DECOMMISSIONING
Besides the safety principles and requirements to be taken into account during decommissioning
process (see section 1), the paper proposes an assessment methodology of nuclear safety for the whole
process. This methodology is to be applied to Romanian VVR-S Research Reactor decommissioning.
The decommissioning process assessment must be evaluated both for normal and abnormal situations.
The abnormal conditions are generated both by on-site and off-site events.
The proposed assessment methodology will include the following steps (Fig. 1):
(a)

set-up of all operations included in a decommissioning option;
The decommissioning option will be established following some specific feasibility studies, which
contain all the operations regarding dismantling, cutting of components, decontamination, waste
management, radiation protection measures, providing the adequate tools and supplies, and so on.
For Romanian W R - S Research Reactor, the proposed decommissioning options and safety
related requirements are included in [1].

(b)

set-up of safety problems which could appear during normal decommissioning process;
For each proposed normal decommissioning activity, the radiological and non-radiological risk
must be evaluated, both for workers and population. For that purpose, exposure pathways must be
identified for all situations and the doses that might be received must be evaluated. Also,
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maximum admissible concentrations (discharge limits) for released substances (radioactive and
toxic substances) must be established.
(c)

set-up of accident scenarios related to decommissioning process;
To establish a list of accident scenarios related to the decommissioning process. It was found that
such events could appear both due to some abnormal working conditions and to some on-site and
off-site events (fires, explosions, flooding, etc.). The method used to develop the accident list has
the following steps: maximal FEP List (Features, Events and Processes List) development,
screening of FEP List according to specific situation, comparison with international experience,
and final description of events.

(d)

development of the scenarios for each accident;

(e)

scenarios evaluation, using the specific calculation methodologies for each scenario type;

(f)

choice and evaluation of safety indicators.
Safety indicators are parameters, which define the impact of a scenario on working personnel,
population and the environment. They are obtained as result of the scenario calculation. These
parameters can be compared with the established safety criteria. Function of comparison results,
decisions related to scenario impact and protective measures will be taken to minimize the
scenario impact. The most used safety indicators are radiological safety indicators: dose, risk,
radionuclide concentration into environment, radionuclide flux, radiotoxicity indexes.

Facility
description

Decommissioning activities

Safety problems
during normal
decommissioning
process

On-site
events
description

Safety problems
during abnormal
situations
(accident list)

Off-site events
description

Scenario
development

Scenario
assessment

Safety indicators
(description, evaluation)

Protective measures
to provide safe
decommissioning
process

FIGURE 1 THE MAIN STEPS OF THE ASSESSMENT METHODOLOGY
PROPOSED FOR DECOMMISSIONING OF RESEARCH REACTORS

GENERIC CONTENT OF DECOMMISSIONING PLAN.
Main decommissioning activities. Discussion about the proposed decommissioning plan
for Romanian Research Reactor
The generic content of a Decommissioning Plan is established in some IAEA documents, for example
[2] and agreed upon by the Romanian Regulatory Body. The Decommissioning Plan for the Romanian
W R - S Research Reactor has the following generic contents: facility description, legal framework,
project management, decommissioning strategy (option), decommissioning activities, safety
assessment, environmental impact assessment, quality assurance program, radiation protection and
safety program, health physics, waste management, final radiation survey, and environmental
restoration.
As a basis to develop the Romanian W R - S Research Reactor decommissioning Plan, a large number
of studies and analyses have been made relating to the following topics: physical and radiological
status of the facility, available dismantling and decontamination techniques, radioactive waste
management, available funds, available personnel, radiological protection of personnel, environmental
impact, etc.
Document [1] describes and assesses both the proposed decommissioning options for the W R - S
research reactor and the decommissioning activities for each option. Three decommissioning options
have been proposed, as follows:
Option A: Surveillance of facility in its actual shutdown state for a period of 50 years (after
removing experimental installations and historical waste and building remediation). After this
period, the reactor will be dismantled as an uncoltrolled building because of the decrease
inradioactivity levels. The final result is the unrestricted use of site and environmental restoration.
Option B: This option has three stages. In the first stage, the facility will be partially dismantled
(external structures) and also decontaminated, and a safe enclosure will be prepared. The safe
enclosure will be maintained and monitored for a period of 30-40 years. After this period, the
whole facility will be dismantled. The final result will be the unrestricted use of the site.
Option C: This option purposes the complete dismantling of the facility, in a single stage, to the
unrestricted site use level.

Short description of the facility:
The W R - S research reactor was commissioned in 1957. It is a reactor with thermal neutrons using
distillated light water as its moderator, reflector and coolant. The enriched uranium dioxide has been
used as fuel. The maximum reactor power has been about 2000kW.
The whole facility is located in three buildings: main building (reactor hall), experimental building and
laboratory building. The passage between the main building and the experimental building is by an
access gallery. The main building and experimental building are a single level. The laboratory building
has a basement, ground floor and two additional levels.
The facility consists of the reactor itself (reactor vessel, core components and biological shielding) and
the following circuits and systems: primary and secondary cooling circuits, their auxiliaries, distilled
water circuit (used also as emergency cooling system), ventilation systems, water supply systems, gas
and compressed air supply systems, power supply systems, drains, effluent collection systems, etc.
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Based on [1], which presents the equipment in each room of the above mentioned buildings, the paper
assesses the main type of decommissioning activities. The proposed decommissioning activities are of
the following types:
decontamination of walls, floors, and equipment to be included in the safe enclosure;
collection of liquid radioactive waste;
disassembly/dismantling/removing of electrical cables;
sealing of reactor channels, by welding (to build-up the safe enclosure); in the future stage, the
shielding (heavy concrete) will be removed and reactor vessel will be dismantled and removed;
draining of circuits, dismantling/cutting of piping, sealing of the remained piping with a welded
cap;
repair actions for ventilation systems (replacement of filters, ductwork and dampers, etc.);
cutting of radioactive waste, to facilitate waste packaging;
removal of contaminated linoleum and scarification of floor and wall concrete;
segregation and handling of solid waste (collection from facility, transport between different areas,
packaging in the appropriate containers, on-site temporary storage (in the adequate storage areas),
filling-up of the waste containers in the transport truck and transport of waste to the Waste
Treatment Plant (WTP));
removal of old furniture and contaminated experimental facilities and devices;
blocking of wall penetration (by masonry work);
upgrading of lighting system;
remediation of building airlocks and building finishes;
after final demolition of reactor main building, the area will be restored. The laboratory building
will be remedied for future unrestricted use.

SAFETY RISKS WHICH MAY OCCUR DURING DECOMMISSIONING
ACTIVITIES.
Normal decommissioning operations. Fault conditions. Internal and external hazards.
In support of the above statements (section 1), it is necessary to prepare an assessment on accident and
fault conditions and the effects of various postulated hazards. It is convenient to consider safety
assessments under the following headings: Normal decommissioning operations, fault conditions,
internal and external hazards.
a. Normal decommissioning operations
Safety during normal decommissioning operation is achieved by identifying the risks and
exposure to the workers and the public and providing the necessary protective measures such as
shielding, containment and rigorous management procedures). According to the above (section 3),
the normal decommissioning activities envolve radiological or toxicity risk.
The main types of risk and the proposed protective measures ( see also synthetic description in
Table 1) are:
Direct gamma exposure (during cutting, welding, disassembly, dismantling, waste handling).
In these situations it is necessary, as a first step, to identify radiation sources. Also, it is
necessary to select automatic cutting/welding/handling techniques (remote controlled), use the
shielding, use individual protective clothing for workers and adequate planning and
scheduling of activities to reduce exposure time.
Inhalation of contaminated dust during cutting operations, radioactive concrete demolition
and waste handling. In these situation it is recommended to use ventilated cutting tents (with
negative pressure). Also, protective clothing and adequate respiratory protection must be used.
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Possible skin contact with radioactive liquids during circuit draining or during the
decontamination process. Protective clothing must be used.
Inhalation of toxic substances the during decontamination process. It is recommended to
choose adequate decontamination techniques to avoid the use of toxic substances, as far as
possible. Protective clothing and adequate respiratory protection must be used.
Possible skin contact with toxic liquids during decontamination activities. Recommended
protective measures as above.
Electrical shock hazard during disassembly/removal of old electrical circuits. It is necessary
to use protective clothing and adequate tools.
Possible exposure to high temperatures, during cutting activities, if some special cutting
techniques will be used. It is recommended to use local ventilation systems, remote handling
tools, and protective clothing.
Table 1: Synthetic description of risk types and protective measures
Radiation
(toxic)
sources
identificat
ion

Adequate
planning
of
activities

Remotely
controlled
techniques

Adequate
tools

Shielding

Direct gamma
radiation

X

X

X

X

X

inhalation of
contaminated
dust

X

X

Dermal
contact with
radioactive
liquids

X

X

X

inhalation of
toxic
substances

X

X

X

dermal
contact with
toxic liquids

X

X

X

X

X

X

X

X

X

X

X

Protective
measures
Exposure
pathways

electrical
shock hazard
exposure to
high
temperatures

X

Protective
clothing

Special
cutting
tents

X

X

X

X

X

X

X

X

Ventilatio
n system

X

X

b. Fault conditions or accident conditions
Fault or accident conditions are defined as events, which are caused by failure of work equipment,
failure in administrative control or violation of instructions. Typical fault or accident conditions
are: unexpected high radiation field; malfunctioning of protective equipment or monitoring
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X

X

instruments; malfunctioning of cutting/welding/handling tools; fire due to flammable
contaminated fluid or electric systems; malfunction of ventilation systems; loss of services
(compressed air, gases, water, power supply); accidental cutting of contaminated material; drop of
handled loads, etc.
Because the waste must be transferred to Waste Treatment Plant, inside the courtyard of buildings,
it is necessary to assess the possible fault conditions in that area ( i.e. drop of waste containers
from transport truck with the spread of some liquid or solid contaminants on the soil or in the air).
For all the situations it is necessary to develop a scenario and to calculate its effects on the
working personnel and the public (case by case). Also, protective measures and procedures must
be developed.
Because the W R - S research reactor is located on a site where there are other nuclear installations,
and an exclusion zone around of this site (without public access), it is noted that a scenario will
have an impact on public only if very significant radioactive material quantity is involved.
Regarding scenarios, which might have an impact externally to the site, it is necessary to choose
and evaluate the most significant scenarios. It is necessary to make some evaluation about the
credibility and coincidence of these scenarios.
c. Internal hazards and external hazards.
A hazard is defined as an event which is not directly related to the decommissioning task, but
important for safety consequences. It is convenient to divide them into internal and external types.
Internal hazards are those events occurring within the facility or on the site, e.g. fires; local flooding
within the facility; explosions on site; and unexpected radiation from unrelated areas.
After the shutdown of the research reactor, the following types of events may occur:
local flooding due to the water supply, fire water or domestic water system failures;
fires due to the old electrical installation;
unexpected high radioactive field in some areas (laboratory rooms) due to old experimental
equipment which could have activated or contaminated parts;
explosions and fires due to on-site gas supply piping failure.
Some on-site external events could also occur due to the other nuclear installations on the same site,
which include the Waste Treatment Plant, Multiple Purpose Irradiator Installation, and other Research
Institutes. The possible events could be a fire, explosion, high radiation fields, release of radioactive
substances, or local flooding. For all these situations it is necessary to evaluate the coincidence
between the abnormal events during the reactor decommissioning process and the on-site external
events. But the decommissioning process may be stopped whenever a fault or accident condition
occurs, and protective measures may be taken into account.
External hazards are events that usually occur off-site or are generated or initiated off site but have
serious impact on site safety. Examples: earthquakes; site flooding; lightening strike; aircraft crash;
security risks; severe weather conditions, like extremely low or high temperature, abnormally heavy
snow, extremely high winds.
Usually one or two hazards will dominate and other events can be assumed to lie within a range of
worst conditions. To establish the off-site external hazard list and to evaluate them, the following
topics, presented in [3] and [4] must be considered:
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geographic location of research reactor and site geology, hydrology, seismology, ecology, and
climate;
agricultural off-site activities including gardening, cereal crops, and raising animals;
other off-site activities such as the production of nuclear equipment, research and production
of special materials, lasers, design activities, education activities, small industry, trading
services, terrestrial and aerial transport;
population distribution around of site exclusion zone since there are some permanent
residences in the neighborhood of site exclusion zone.
Based on [3] and [4], the following conclusions can be made:
Site flooding is not likely; however, it is necessary to evaluate the effects of ground water
infiltration on the foundation of the future safe enclosure when ground water level could have
significant variations.
When an earthquake occurs, it is necessary to evaluate the consequences related to all
decommissioning activities to include the dropping of loads from cranes and transport
vehicles, loss of auxiliary services; cracking of wall, failure of working equipment, releases of
radioactive or toxic liquid, and the rupture of piping and possible release of gases or water.
Especially for the proposed safe enclosure, the design must consider the following loads:
earthquake, extreme wind, snow, and extreme temperatures.
Usually there are no external activities with significant radiological consequences which could
affect decommissioning activities.
Aircraft crash risk on-site is insignificant.
The hazard due to the other transport activities in the site area is insignificant.
Usually there are fire protection measures for all industrial objectives located nearby reactor
site; however, the occurrence of a external fire must be taking into account.
According to available information, there are no oil, combustible gas or flammable fluid
transport piping near the reactor site.
Regarding intrusion risk, the entire reactor site is provided with a physical protection system.
The reactors physical protection system will be upgraded as a defence in depth barrier during
whole decommissioning period. For the proposed safe enclosure, a special physical protection
system will be provided, as well.

TYPICAL DEVELOPMENT OF A SCENARIO.
Features, events and processes list. Exposure pathways. Calculation methodology
To develop and assess a scenario it is necessary to follow some steps, also presented in Fig.2,
according to [ 5], [6], and [7]:
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(a)

establish a conceptual model,
Establish and screen a Features, Events and Processes List (FEP List). The general FEP
List identifies all facility features, internal and external processes and events which could
occur during the decommissioning process. This list will be developed for both
decommissioning activities and for the safe enclosure (if the safe enclosure option will be
used). Then the FEP List will be screened to eject the elements with low significance.
Also, credibility, consistence and effects of all FEP element must be evaluated. The
resulting FEP List will be the basis for all possible scenarios during the decommissioning
process.
Choose the adequate hypotheses. For each scenario, on a case-by-case basis, only credible
hypotheses will be taken into account as initiating events. A small credible scenario can be
assessed, only if it has very significant consequences from a radiological point of view.
Describe the event. For each scenario a qualitative scenario will be done, to follow its
duration and location.
Describe the consequences of the event, physical and chemical processes; For each
scenario, possible radiological and non-radiological consequences and exposure pathways
for working personnel and the local population will be identified.
Establish the relationship between facility characteristics, the event and the consequences.
It is necessary to identify weak points of the facility, which could favor the occurrence or
the proceeding of a scenario. These points will be identified to propose protective
measures (both technical and administrative), to mitigate scenario consequences, if
possible.
Establish the required input data to describe the event. For scenario calculations, it is
necessary to identify all involved parameters and their values. The following data must be
available: identification of radiation sources, quantities of radioactive substances released
into environment, concentration and activity of radioisotopes, physical and chemical form
of radionuclide substances, duration of scenario, time of scenario occurrence, time of
scenario impact, duration of exposure, identification of involved people, the
meteorological parameters, characteristics of the surroundings area, public behavior, local
diet data, etc.

(b)

establish the mathematic model,
To establish the mathematic model it is necessary to identify, as the first step, the area of
scenario impact. If the scenario impact will be only for workers, it is necessary to establish the
workers exposure pathways. The exposure will be an acute one, supplementing the occupational
exposure of workers. Exposure pathways for workers may be external exposure and internal
exposure (via ingestion and inhalation).
If there is a scenario with environmental impact or public impact, it is necessary to perform the
following steps:
Identify the exposure pathways, preferably from site specific surveys;
Develop appropriate expressions relating the release rates to the dose rates to an
individual;
Select appropriate values for the transfer parameters that are relevant to the exposed
individual under consideration; and
Calculate the doses received by the public.
Exposure pathways for public may be:
external exposure from the plume;
external exposure from the deposition on the ground; and
internal exposure by inhalation and ingestion of foodstuff and water.
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c) evaluation of the scenario with calculation methods or adequate computer codes,
d) interpretation of results and comparison with norms and regulations.
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FIGURE 2 TYPICAL DEVELOPMENT OF A SCENARIO
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Abstract. This manuscript describes the results of contamination measurements on the internal surfaces of
equipment and gives an estimation of activity on the internal surfaces of equipment of the first unit of the
Armenian NPP. Also described are the problems associated with the decontamination process of Armenian NPP.

INTRODUCTION
The first power unit of the Armenian NPP was put into operation in 1976 and the second in 1980. The
heterogeneous reactor has a thermal power rating of 1375 Mw. A low concentrate of uranium dioxide
is used as the fuel. The technological scheme of the plant is two circuits. The first circuit is radioactive
and consists of a PWR reactor and six circulation loops. Each loop includes the main circulation
pump, steam generator and 500 millimeter of various diameter pipes.
On 7 December 1988, the northern regions of Armenia were hit by a very strong earthquake, more
than 10 on the Richter scale. In the area of the Armenian NPP, the force of the earthquake was
between 4.5 to 6. The conclusion of the government competent commission was that the NPP
withstood the earthquake without any major problems, but in February and March of 1989, both of the
units were shutdown and placed into a standby condition. In November 1995, the second unit of the
Armenian NPP was put back into operation with the first unit remaining in its shutdown state.
There are many opinions concerning the further exploitation of the Armenian NPP, with two proposed
shutdown dates for the second unit of NPP being either 2004 or 2010. One way or another, we must be
ready for the shutdown of the Armenian NPP and its decommissioning.

THE CONTAMINATION OF THE INTERNAL SURFACES OF EQUIPMENT
The complex infrastructure of the processes does not allow detailed measurement of activity until after
the reactor is shutdown. All of the components that require dismantling will be radioactive which was
caused by neutron activation during operation, contamination by corrosion products, contamination by
damaged fuel rods and leaks by equipment. For example, one year after shutdown, the total induction
activity of NPP with the PWR reactor (electrical power =1000 Mw) equals 1.5xlO17 Bq, with the
radioactive contamination being 4xlO15 Bq and the mass of radioactive waste being several thousand
tons [1].
The radiation conditions during the dismantling of the equipment and systems of the first circuit are
determined by the activity of corrosion and fission products that have accumulated on the internal
surfaces of the equipment. Therefore the estimation of contamination on the equipment is very
important and, may be the first step in the decontamination and dismantling process of the equipment.
We tried to estimate the contamination of the internal surfaces of equipment in first unit in 1987 (the
unit was in an operation mode). The samples from the internal surfaces of the equipment were
collected by using an electrochemical etching method. The spectrometric measurements were
performed using a spectrometric system with a GeLi semiconductor detector. The measurement error
was 5-7 %. Tables 1 and 2 provide the results of these measurements.
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Table 1. The activity on the internal surfaces of equipment from the primary circuit of Unit l[Bq/cm2]
Equipment

The bottom
ofupper
block of
reactor

Nuclide

Before
decontamination

After
decontamination

After second
decontamination

Ce-141

5.8xlO2

3.5x10"

4.7x10'

Nb-95

5.4xlO3

3.1xlO3

2.9xlO2

Co-58

2.8xlO4

l.OxlO4

8.1xlO2

Mn-54

2.2xlO4

9.4x103

8.2x102

Ag-llOm

1.9xlO4

9.2x103

1.3xlO3

Fe-59

3.1xlO3

1.2xlO3

2.3xlO2

Co-60

2.6xlO4

1.6xlO4

1.2xlO3

The cover of Ce-141
upper block
Co-58
of reactor

1.5xlOJ

3.7x10'

2.6xlO4

9.3xl02

Mn-54

2.1xlO4

7.8xlO2

Ag-llOm

7.1xlO3

6.6xlO2

Fe-59

2.7xlO3

1.5xl02

Co-60

2.0x104

l.OxlO3

Cs-134

1.8xl03

3.6x10'

Cs-137

l.lxlO 3

4.3x10'

Nb-95

4.1xlO3

2.6xl02

Ce-141

5.3xlO2

7.2

Co-58

4.7xlO3

9.0x10'

Mn-54

8.0xl03

1.2xlO2

Ag-llOm

3.0xl03

l.lxlO 2

Fe-59

1.4xlO3

3.3x10'

Co-60

1.3xlO4

1.8xl02

Cs-134

7.7xlO2

1.1x10'

Cs-137

3.4xlO2

3.3x10'

Nb-95

1.8xl03

4.1x10'

The
breakdown
and control
rod
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The
main Ce-141
circulation
Co-58
pump

1.8x10?

2.7x10'

3.0xl0 3

5.7xlO2

Mn-54

1.6xlO3

4.6xlO2

Ag-llOm

4.0xl0 2

2.5xlO2

Fe-59

3.1xlO2

7.3x10'

Co-60

3.7xlO3

l.OxlO3

Cs-134

2.0xl0 2

3.2x10'

Cs-137

6.7x10'

2.6xlO!

Nb-95

6.1xlO2

l.OxO2

(the working
wheel)

Table 2. The activity of the internal surfaces of steam generator N° 1 of Unit 1 [Bq/cm2]
Nuclide

The hot collector
without decontamination

The cold collector without
decontamination

Ce-141

—

Nb-95

l.lxlO 3

1.2xlO4

CO-58

7.1xlO3

2.7xlO4

Mn-54

5.2xlO3

1.3xlO4

Ag-llOm

3.5xl0 3

5.5xlO4

Fe-59

5.4x102

l.OxlO3

Co-60

3.4xlO2

3.9xlO4

Cs-137

3.3xl0 3

2.5x104

The activity of the water and of the internal surfaces of equipment of unit 1 was measured for a second
time in July 1990 (the unit was in the standby state). The sampling was performed using the cathode
etching method (the removal coefficient was 0.4). The results of measurements are provided in table 3.
The activity of the water in loops 1, 3, 4, and 6 were the basically the same (in the range of the
measurement error), but the activity of water in loop 2 unexpectedly was found to be 10 times greater
then in the other loops. The activity of the water in the primary circuit is given in table 4. It is assumed
that the surface contamination of the reactor and the other parts of the primary circuit is equal to the
average surface activity of the steam generator. As follows from table 4, the main part of activity of
the primary circuit is located on the internal surfaces of the 6 steam generators (about the 93% of the
activity).
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Table 3. The activity of water and the internal surfaces of equipment of Unit 1
The activity of water (104 Bq/1)
The main
nuclide

The internal surfaces activity of collector of
steam generator loop N°(5 103Bq/cm2)

Loop 2

Average for
loops 1,3,
4,6

Body of
reactor

The hot collector
(entrance)

The cold collector
(outlet)

Mn-54

8.5

0.63

5.7

8.1

13

Co-60

44

1.9

11

52

8.5

Ag-llOm

3.4

1.1

7.1

3.3

13

Cs-134

16

1.9

4,4

—

—

Cs-137

25

2.3

8.1

0.2

5.2

Sum

97

7.8

36.3

63.6

39.7

Table 4. The activity on the internal surfaces of equipment of Unit 1
Equipment

Steam generators

The total activity
(1010Bq)
600

Main circulation pump

1

Body of reactor

10

Shaft of reactor

6.6

Volume compensator

3.3

Total

1630.9

The collected data allowed the radiation conditions to be forecast the radiation situation and the doses
to the staff during the decontamination and dismantling activities to be estimated. The data was also
used to calculate the volumes of radioactive waste expected from the decommissioning activities, to
classify the waste by their level of activity and to plan for the final disposal.

SPECIFIC DECOMMISSIONING PROBLEMS
The first problem is the absence of alternative sources of electricity once the Armenian NPP is
completely shutdown. The second is the absence of funds for such a large project. The third problem is
the lack of modern equipment and systems to perform the decommissioning activities. The last
problem is the lack of a final waste repository for the waste that will be generated during
decommissioning of the plants.
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Abstract. The Central Decontamination Operation Department (HDB) of the Research Center Karlsruhe
operates facilities for the disposal of radioactive waste. In general, their objective is to reduce the volume of the
radioactive waste and to obtain waste products suitable for repository storage.
One of the central facilities of the HDB is the intermediate level waste (ILW) scrapping facility which processes
intermediate level waste. Since the ILW scrapping facility was not large enough to handle radioactive waste
coming from the dismantling and operating of nuclear facilities, HDB expanded and built a larger hot cell. It
contains a hydraulically driven metal cutter with a guiding channel and a high pressure compactor. A major task
in the hot cell of the ILW scrapping facility is disposing of fuel boxes. These are cut in pieces and scrapped,
which is a unique technique in Germany for fuel box disposal.
HDB's experiences in disposing of radioactive waste in the ILW scrapping facility will described in detail, with
special emphasis on the handling of rod shaped components.

INTRODUCTION
The Central Decontamination Operation Department (HDB) is a subdivision of the
Forschungszentrum Karlsruhe GmbH responsible for the treatment of radioactive waste. Therefore,
the HDB operates among others a facility for conditioning intermediate level waste (ILW). Since the
HDB processes waste from the dismantling of research reactors and the reprocessing facility at the
Forschungszentrum Karlsruhe, as well as from external nuclear power plants, the amount and the
dimensions of the accumulating waste required the installation of a new ILW scrapping facility. The
main prerequisite was to reach a significant reduction of the resulting waste product volume in order to
lower the final storage costs. Several new concepts of handling ILW were incorporated into the new
facility. Since its commissioning in 1997, the conditioning of fuel element boxes and rod shaped
components from the dismantling of a research reactor has proved the applicability of these tools.

OVERVIEW OF THE ILW SCRAPPING PLANT
Figure 1 shows an overview of the new ILW scrapping plant. The design reflects the successive steps
of the conditioning process:
The process starts with the unloading of the transport casks. The locks and the transport equipment of
the ILW scrapping plant are designed to handle the following types of transport casks with inner
containers:
Large
transport
containers
with
a total
mass
of
up
to
100,000
kg
To unload the transport containers, they are placed on a railcar and moved into the transport cask
lock. Then the cask is moved to the docking system of the shielding gate between cell 130 and the
transport cask lock. The shielding window can be opened only after the cask is tightly coupled to
the lock. Then the remote-controlled removal of the lid and the unloading of the carrier cage from
the transport cask into cell 130 takes place.
Transport containers of up to 1500 mm height and single drum containers (e.g. German standard

-315-

type container MOSAIK II)
They are transferred into the loading/unloading cell by use of a transport carriage. There, the lid of
the transport cask is removed by a remote-controlled heavy load manipulator, which is also
utilized to move the waste-filled inner containers onto another transport carriage. The delivered
waste is required to be packed in inner containers to prevent an inadmissibly high contamination
of the loading/unloading cell. The inner containers are subsequently locked into the storage and
loading cell.

1263
123
129
130
131
132

transportation cask lock
ILW working ceii
loading/unloading ceil
storage and loading cei.'
processing cell
operation room

1
2
3
4
5
6

docking system
lid removal system
transport wagon
dousle-lid-tock
metal! cutter
high-pressure compaction unit

The New !LW Scrapping Plant

Fig. 1: Schema of the ILW scrapping facility
Cell 130 is used for maintenance and repair work as well as for the decontamination of containers and
machinery, if necessary. From here, the inner containers are moved on to the processing cell via two
different lock mechanisms depending on their geometry. Drums with a volume of 200 1 and 400 1,
respectively, are handled by a special drum lock. All other containers are transferred into the
processing cell through a shielding gate by transport carriage.
In the processing cell, metallic waste of a size corresponding to the inner dimensions of 200 1 and 400
1 drums as well as bulky waste such as tubes, profiles or steel tanks up to a length of about 4.5 m can
be processed and conditioned.
According to the processing concept, the contaminated or activated waste is, if necessary, sorted on a
sorting table using master-slave manipulators. To reduce long components such as core internals to
small pieces, the processing cell contains a hydraulically driven metal cutter with a guiding channel
and a cut length limitation unit (Fig. 2). The resulting pieces are packed into cylindrical sheet metal
cartridges, which fit into the high pressure compaction unit. There, a volume reduction by a factor of 4
to 6 is achieved by a compaction pressure of 500 bar. The compaction unit can be equipped with three
different stamps whose diameters are 535 mm, 624 mm or 710 mm, respectively. The stamp exchange
is done remote-controlled by manipulators. The advantage of this is the ability to adapt to different
waste dimensions.
Afterwards, the processed and compacted cartridges are packed into drums. These are returned to the
loading/unloading cell via the drum lock and cell 130, In this cell, the packaging into containers
suitable for final storage is performed. Following the release measurements, these containers are
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removed from the ILW scrapping plant.

Fig. 2: View of the processing cell with metal cutter and high-pressure compaction unit

CONDITIONING OF ROD SHAPED COMPONENTS AS AN EXAMPLE OF ILW
WASTE
In the course of dismantling of the Multi Purpose Research Reactor on the premises of the Karlsruhe
Research Center in total 280 rod shaped components have been arisen. These rod shaped components
have been located in the high pressure vessel inside the reactor. The components are:
121 fuel element linkages
117 separation pipes
18 control and absorption pipes
3 systems to feed in boric acid
2 thermo-elements
1 multi ventilation system
During the dismantling the components have been pulled out of the pressure vessel applying remote
control. The remote control handling was necessary, since the dose rate of the components was
between 80 mSv/h and 5 Sv/h. By pulling out the components they are inserted instantly in a special
reusable shielding containment. To transfer the rod shaped component into a one-way transportation
shielding box the reusable shielding containment is turned over. In the special toppling system the rod
shaped component is taken out of the reusable shielding containment and put inside the transportation
shielding box. The shielding box is inserted in a special transport container and brought to the Central
Decontamination Department for the further treatment. Altogether 277 transports have taken place.
The treatment of the components takes place at the ILW scrapping facilities. The transport container is
unloaded and the components are locked into the processing cell. In this cell all components besides
the fuel element linkages are cut into small pieces by the hydraulically driven metal cutter. The cutting
is done without unpacking the components from the transportation shielding box. Therefore the
shielding box is cut including the components. The metal pieces are filled inside special 170 1 drums
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for super compaction.
The transport boxes with the fuel element linkages are opened and the fuel element linkages are taken
out. The lower parts of the linkages and transport boxes are also cut with the hydraulically driven
metal cutter and filled in 170 1 drums. The upper parts of the linkages cannot be cut using the
hydraulically driven metal cutter, since they are too massive. Therefore the upper parts are cut
mechanically and filled in 200 1 drums.
The 170 1 drums are super compacted to reduce the volume to a minimum. The resulting pellets are
also put into 200 1 drums. The 200 1 drums are inserted in a special single cast shielding container,
which is suitable for a later final disposal. The 200 1 drums with the cut upper parts of the fuel element
linkages are put inside special cubic heavy concrete container, which can hold 8 200 1 drums.
By super-compacting the rod shaped core internals the total volume of the ILW waste could be
reduced by a factor of approximately 4. It was also possible to produce waste products in accordance
with the German acceptance criteria for a later final disposal.
CONCLUSION
The processing of ILW waste in the ILW scrapping plant has shown that the described method of
handling rod shaped components applying remote control is a very good possibility of conditioning.
Besides, experience has shown that the cutting of metal waste followed by super compaction is very
practicable and economic due to the savings in final storage volume. Furthermore, compared to other
methods of conditioning, the dose rate for the personnel is also reduced to a minimum.
After a few adaptations in the new ILW scrapping facility nearly all kind of core internals can be
conditioned. Therefore, the new ILW scrapping plant provides flexibility and effectiveness in handling
ILW.
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Abstract. The Central Decontamination Operations Department (HDB) of the Karlsruhe Research Center
operates facilities for the disposal of radioactive waste. In general, their objective is to decontaminate radioactive
residues for unrestricted release in order to minimize the volume of waste products suitable for repository
storage.
In the case of about 120 concrete bars from the dismantling of hot cells, we reduce the volume of radioactive
waste by sawing off the most contaminated parts of the bar. If there are no insertions such as cables or
ventilation systems, the rest of the bar is sandblasted and its activity manually measured to ensure compliance
with the release criteria. Otherwise, the bar is minced into small pieces by a power shovel. Afterwards, the
rubble is filled into drums and its activity is measured by the clearance measurement facility.
If the rubble and the sandblasted bars do not exceed the activity limit specified by the release criteria, the
material is disposed of without further regulations for unrestricted use. Those parts of the bars which can not be
released must be stored in special containers suitable for the KONRAD final disposal.
Using this method, about 70 % of the total mass can be released.

DECONTAMINATION FACILITY
At the Karlsruhe Research Center, all solid, unburnable, and low-radioactive waste with a surface dose
rate of up to a maximum of 10 mSv/h are transferred to the decontamination facility. Depending on
their further processing, the delivered waste is sorted and transferred to various workplaces.
Surface decontamination of dismantled plant components for a later release of the material can be
accomplished by mechanical or chemical methods. Waste with a smearable contamination of 0.5
Bq/cm2 and 5 Bq/cm2 in terms of alpha and beta activity, respectively, are processed directly at the
workplaces in the hall or in the dismantling caisson. For this, cutting (rope saw, band saw for parts
with an edge length of up to 1.6 m) and hydraulic processes are available. The caissons and the tent
are operated below atmospheric pressure. The personnel working in the caissons wears gas-tight
protective suits. In the decontamination caisson and the alpha caisson, decontamination is
accomplished in a wet-chemical manner or with pressurized water and dismantling by thermal,
cutting, or manual processes.
Depending on the task to be performed, the processing tent may be equipped with various machines or
devices. This workplace is mainly designed for processing large components.
An independent blasting caisson is available for decontamination by surface removal. The blasting
material is steel grid. Conditioning of rubble or concrete structures to waste products takes place in the
rubble refilling facility. Besides refilling and concreting, various dismantling activities may be
performed at this workplace.
Moreover, sludges and chemical effluents may be dried or solidified in the a caisson. A drying
chamber is available for drying wet waste.
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Waste is accepted in all common packaging forms. The hall is equipped with 2 cranes of up to 250 kN
capacity. Heavy components and 20' containers may be brought in via rail systems. The heaviest
component accepted for processing and decontamination so far had a weight of 156 Mg.
Workplace

Crane design

Decontamination
caisson (GP 02)

10 kN (bridge crane) Boxes, 6'- 10' and 20' Bringing in or removal via
250 kN (bridge crane)
containers, R200/400/280 lock,
sorting,
drums L=9 m
decontamination,
drum
handling, dismantling

Alpha
(GP 04)

Type of container, part Processing options
size

caisson 5 kN (slewing pillar crane) Boxes, 6'-10' and 20' Bringing in or removal via
50 kN (rail crane trolley) containers, R200/400/280 lock,
sorting,
2 * 16 kN (bridge crane)
drums L=5 m
decontamination,
drum
handling, dismantling

Hall (GP 05)

250 kN (bridge crane)

Boxes, 6'-10' and 20'
containers, R200/400/280
drums
L=llm

Bringing in or removal via
lock,
sorting,
decontamination,
drum
handling,
dismantling,
scrap sorting

Steel grid blasting 250 kN (bridge crane)
facility (GP 12)

Boxes, 6'-10' and 20' Decontamination by steel
containers,
R200/400 grid blasting
drums
(max. 3m* 1.5m *1.5m)

Saw for large 250 kN (bridge crane)
components
(GP 14)

Boxes, 6'-10' and 20' Variety of sawing and
containers, R200/400/280 cutting work
drums (max. diameter 1.3
m)

Dismantling
caisson

Boxes, 6'-10' and 20'
containers, R200/400/280
drums (max. 5 m*1.5 m*
1.5 m)

250 kN (bridge crane)

Drying chamber 30 kN (bridge crane)
(GP21)

Rubble
(GP 15)

Dismantling, cutting, and
burning
taking
into
account
conventional
work safety regulations

Max. 2*400 1 drums or Bringing in or removal via
2*280 1 drums
lock,
drum handling,
drying of compacts

IV
filling 250 kN (bridge crane) Type
30 kN (rail crane trolley) R200/400/280
2 * 10 kN (slewing pillar L=4m
crane)

containers, Refilling of rubble drums,
drums crushing of concrete parts,
filling
of
containers,
product
qualification,
control

Maximum capacity:
600 Mg/year
Material flows:
10% rad. waste, 30% scrap for melting, 60% material for unrestricted reuse
Techniques applied:
Decontamination, crushing, sorting, repacking, solidification
Major working tools:
2 processing caissons, steel grid blasting system, saw for cutting large
components, refilling and solidification systems
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RELEASE MEASUREMENT FACILITY
Release of residues, e.g. removed plant components or buildings or building sections which have been
decontaminated first, represents another important step in the treatment of radioactive waste. If the
results obtained by release measurements are found to be below the limit values specified by the
authorities, the waste materials are released from the scope of the regulations under the Atomic Energy
Act.
For this, various procedures and measurement methods are applied at HDB. They comply with the
requirements made by the authorities and have been proved to be suitable in practice in terms of both
feasibility and performance.
In general, the following measurement methods are applied for release:
Direct measurement by portable surface activity monitors together with sampling and analysis of
the samples at the HDB release measurement laboratory.
Direct measurement of surface activity.
This type of release measurement is used to measure the waste surface by means of a
contamination monitor. By a dynamic measurement, the activity maximum of a surface (partial
surface) is determined and subsequently, the surface activity value is measured by stationary
measurement. This measurement value is assumed to be representative of this partial surface. In
case the nuclide composition for the residues to be subjected to release measurement contains
nuclides which cannot be measured for technical reasons, these nuclides are considered by using
the respective extrapolation factors.
By parallel sampling and analysis of the material samples, information is obtained on the ratio of
the key nuclides as well as on the activity that has possibly penetrated into the material.
Measurement of larger volumes of identical material at the release measurement facility in
combination with sampling and sample analysis at the release measurement laboratory of HDB.
The release measurement facility is based on the principle of total gamma measurement. Gamma
quanta with energies of >200 keV are measured. The facility is calibrated using the key nuclide
(mostly Co-60 or Cs-137) which is typical of the waste being subjected to release measurement. The
measured activity is thus considered to be key nuclide-equivalent. The activity fraction of the
remaining nuclides is taken into consideration by extrapolation factors. Calibration usually takes place
using dummies that are identical to the material being measured. Standard calibrations are available
for pipeline, sheet-metal, cable, insulator, and rubble materials. The material to be measured is brought
into the facility in grid boxes (80 x 80 x 120 cm) or 200 1 drums.

TREATMENT OF THE CONCRETE BARS
Before the arrival of the concrete bars, different samples are sent to HDB for analysis purposes.
Depending on the results, the concrete bars are classified into three different groups:
Steel grid blasting followed by direct measurement;
Sawing off the most contaminated parts; and
Mincing the bars into small pieces with a power shovel
Before the concrete bars are delivered to HDB, they are wrapped in foil and loaded in 20' containers.
After opening the containers and unloading the bars, the contamination and the dose rate of the bars is
measured to reconfirm the treatment.
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Concrete bars without enclosures such as cables, ventilations systems, etc., and a surface
contamination less than 0.5 Bq/cm2 (alpha) and 5 Bq/cm2 (beta) are steel grid blasted without any
further pre-treatment. The success of the blasting is ensured by taking drilling samples and by
measuring the complete surface contamination directly. If the release criteria of the HDB licensing are
not exceeded, the bars can be released and disposed of as non-radioactive waste. Figure 1 shows
concrete bars, which have already been released under the atomic act.

Fig. 1: Concrete bars after steel grid blasting and release measurements
If the concrete bars have any enclosures or the surface contamination is too high for steel grid blasting,
the bar has to be pre-treated. If the enclosures are located within a small volume, the relevant part of
the concrete bar is sawed off with a rope saw (see Figure 2). The parts whose contamination is too
high are also sawed off before steel grid blasting is possible. The removed parts are inserted into
special containers suitable for final disposal later on. After the sawing, the remainder of the concrete
bar is also steel grid blasted and free release measurements are done.

Fig. 2: Sawing off parts of a concrete bar by a rope saw
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Concrete bars with many enclosures cannot be divided by rope sawing. To divide the concrete and the
enclosures the bars are minced completely into small pieces by a power shovel (see figure 3). The
concrete pieces with a diameter below 10 cm are filled into 200 1 drums. To ensure that the release
criteria are not exceeded the drums are measured automatically by the release measurement facility. If
the release under the atomic act is possible, the 200 1 drums are emptied and the concrete is disposed
of as non-radioactive waste. The concrete, which exceeds the release criteria, is also filled into the
same containers as the sawed-off parts. The concrete pieces are used to reduce empty space in the
containers and to optimize the filling.

Fig. 3: Mincing the concrete bars with a power shovel
Besides the concrete, the bars consist of cables, metallic reinforcements, metallic liners and metallic
enclosures. Since the cables cannot be measured for release, they are super-compacted to produce
waste products for final disposal. The metallic reinforcements are measured by the release
measurement facility and are also disposed off as non-radioactive waste. The other metallic
components are delivered to a melting facility, which allows the radioactive waste to be melted for
decontamination purposes.
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RESULTS OF THE TREATMENT
Step 1: Concrete bars during treatment:
Cut1
/
Cut 2
* - ,f -

Step 2: Concrete bars after treatment:
Unrestricted release: about 68 %
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Metallic structures for melting: about 10 %

Radioactive Waste: about 22 %

-#; Material flow during the treatment of the concrete bars
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SUMMARY
The dismantling of hot cells results in a large amount of contaminated concrete bars. Since the main
task is to minimize the volume of radioactive waste, a new concept was established. By sawing the
concrete bars with no or only few enclosures into different parts, an effective decontamination by steel
grid blasting can be done. This is not possible if the concrete bar consists of a large number of
enclosures. In this case, only a mincing of the bar into small pieces provides a good result for the
release measurement.
Due to the used method, only 22 % of the total volume becomes radioactive waste for final disposal.
The additional 78 % are released for unrestricted reuse or are decontaminated by a melting process.
Besides the good release quota, another advantage of the treatment steps is that only well-known tools
and methods are used. Due to this, the work can be done without longtime interruptions.
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Abstract. In June 2000, an agreement was established between Sogin and BNFL to enable the two companies to
co-operate, using their specific experiences in the decommissioning field, for the benefit of projects in Italy, the
United Kingdom and for third markets.
A decommissioning strategy for the Latina NPP was initially developed in a Phase 1 Study which produced a
conceptual design for the decommissioning of the reactor. This study was completed in June 2000. Since then, a
second study has been completed, which has further developed the strategy and produced preliminary designs for
the early dismantling of the core and reactor building at Latina. The engineering and safety data were produced
in order to support Sogin in the preparation of a safety case for plant decommissioning. This safety case was
submitted to the Italian Regulator, ANPA, in February 2002.

INTRODUCTION
Latina nuclear power plant is situated at Foce Verde, near Latina. The power plant is based around one
natural uranium, graphite moderated, carbon dioxide cooled Magnox reactor, which had a thermal
output of 705MW, giving a net electrical output of 210MW. The plant operated from 1963 to 1986,
and was taken out of service following a government decision in 1987.
The reactor is housed in a reinforced concrete structure, which also acts as a biological shield and
forms the main part of a building 89m x 48m x 48m, 12m of which is underground, with the boilers
protruding into the open air. When it was in service, the steam generated from the six boilers was
collected and fed the three main 70MW turbine-generators and two 12MW variable frequency turbinegenerators, which supplied the gas circulators.
The reactor design for Latina is similar to that for BNFL Magnox Electric's power plant at Bradwell.
They are of similar dimensions, with similar ratings and constructed from similar material at about the
same time by the same company.
BNFL is currently decommissioning three Magnox reactors in the UK at Berkeley, Trawsfynydd and
Hunterston. In addition, the company is currently defuelling the recently closed Magnox stations at
Hinkley and Bradwell and is in the final stages of completing baseline decommissioning plans for
these two stations.
Experience gained in planning has been incorporated into the Latina
decommissioning strategy, assisting Sogin in providing the Italian Regulator with underpinned cost
and programme estimates.
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PROJECT SCOPE AND ASSUMPTIONS
A decommissioning strategy for the Latina NPP was initially developed in a Phase 1 Study, which
produced a conceptual design solution for the reactor core retrieval and reactor building dismantling.
The study covered all activities associated with the removal of the reactor building as illustrated in
Figure 1.
The study considered items outside the reactor building (as defined above), where work was necessary
to support the reactor building dismantling project. For example, work required in the circulator hall(s)
to convert these areas into waste management facilities.
Sogin and BNFL have since jointly developed a costed programme that takes the Latina NPP to greenfield status by 2020. In addition, sufficient flexibility has been built into this programme to allow
Sogin to respond to the uncertainty concerning the availability of a national repository by 2009.

PRESENT STATE OF DECOMMISSIONING OF LATINA
The reactor has been de-fuelled and a channel-by-channel inspection was carried out to confirm all
fuel has been discharged.
Several components have been dismantled and contaminated components stored on site. These include
two fuel-handling machines, three gas circulators and two gas bypass ducts.
Two of the three pond bays have been scabbled and cleaned.
A total of 12 cubic meters (approx.) of sludge is stored in an underground tank and is to be
encapsulated using cement and grout.
The Magnox Splitters remain on site and a suitable treatment method is under investigation.
Sogin did not receive formal regulatory clearance for the decommissioning, so the operations carried
out were approved on a case by case basis.
An application for general dismantling was presented on 28th Feb. 2002.
Between now and 2005, Sogin will implement the decommissioning process in a manner which will
not preclude returning to a safestore strategy should the repository not become available by the time
currently envisaged (2009).

PRELIMINARY DESIGN SCOPE
The Phase 2 Preliminary Design has been developed as a logical result of the Phase 1 concepts. The
project has been arranged in three main stages:
Stage 1 - Site preparation activities;
Stage 2 - Core retrieval operations and associated activities; and
Stage 3 - Waste management facility construction and operation.

Stage 1 - Site Preparation
The purpose of this stage was to define the design requirements and possible solutions for the new
facilities to be constructed on and around the reactor pile cap of the Latina NPP, to facilitate the
controlled removal of waste arising from the dismantling and demolition activities.
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The new facilities that have been designed are:
Transfer Cell, a sealed and shielded enclosure built directly over the reactor pile cap, linked to
the reactor vault via a previously cut square opening;
Waste Discharge Route which is to provide a pathway for the transfer of the waste from the
transfer cell to the Waste Management Facility (WMF);
Maintenance/Decontamination Room, a sealed enclosure adjacent and connected to the Transfer
Cell;
Containment Outer Bay, a sealed enclosure adjacent to the maintenance/decontamination room
to serve as local sub-change room for the personnel involved in the core retrieval and reactor
dismantling operation; and
Dismantling Control Room, to be installed on top of the outer containment bay to house all
control equipment required for the remote operation of all the dismantling equipment.

Stage 2 - Core retrieval operations and associated activities
Stage 2 of Latina decommissioning concerns the three main areas; i.e. penetration of the reactor pile
cap, removal of all the activated reactor components and removal of the remaining activated bioshield.
All tasks outlined within the site preparation stage have to be completed before any Stage 2 operations
start. This includes the installation of the Transfer Cell and Waste Discharge Route complete with Pile
Cap Penetration Shield Door and the installation of new ventilation, environmental monitoring and
control systems.
The completion of the Stage 1 tasks include the size reduction, packaging and removal of the reactor
long items, which are stored within the Mortuary Tubes and the Reactor Core, including the Control
Rods and Absorber Bars.
The work associated with Stage 3 - the Waste Management Facility, will also have to be completed
before any Stage 2 core retrieval operations start. The Waste Management Facility needs to be fully
operational prior to any active material retrieval.
The Stage 2 work has been divided in 20 tasks as identified below:
Task 1 - Standpipe release
The purpose of this task is to separate the reactor pressure vessel (RPV) and associated
standpipes from the pile cap dome. This will facilitate the construction of a pile cap penetration
as outlined in Task 2. For this operation, the standpipes connecting the pile cap concrete to the
RPV need to be cut. A single horizontal cut is sufficient to complete this operation.
Task 2 - Pile cap penetration
This penetration is to be located in the centre of the pile cap and should be sufficiently large to
provide access for a remotely operated vehicle (ROV), the largest piece of equipment which
will be utilised during the decommissioning of the reactor core and RPV.
Task 3 - Clean up operations
This task has been included to emphasize the necessity to plan for non-productive activities.
Experience from similar decommissioning projects has demonstrated the need for clean up
operations both during and upon completion of each task.
Task 4 - RPV penetration and standpipe boss removal
The purpose of this task is to penetrate the RPV to allow access to the charge pan area. This will
allow the subsequent deployment of the ROV to facilitate further operations.
Task 5 - Out of centre standpipe removal
This part of the decommissioning operations deals with the removal of the standpipes remaining
under the bio-shield once the vessel breakthrough has been accomplished. A number of
preparatory operations are required to facilitate this, including the preparation of the charge
pans, the installation of the ROV into the reactor compartment, followed by out-of-centre
standpipe, standpipe boss and RPV removal.
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The purpose of this task is the removal of the remaining high level components which link the
pressure vessel to the pile cap. This will allow the subsequent decommissioning of the reactor
core in a top down approach.
Task 6
- RPV removal
The purpose of this task is the removal of the entire RPV in parallel with other tasks related to
the removal of the reactor core components. The engineering principle is to decommission the
reactor compartment in a top down approach - so pressure vessel walls will be removed at the
most opportune time - when a stable working platform is available - and the RPV is within the
range of the ROV.
By using a ROV with a purpose designed tool - the RPV can be removed in an efficient
manner. The methodology proposed makes further size reduction activities within the WMF
unnecessary.
Task 7
- Charge pans removal
The purpose of this task is to start the decommissioning of the reactor core applying a top-down
approach. Using a combination of standard ROV tools and mechanical handling gear
specifically designed for this purpose, the charge pan assemblies can be removed intact for
onward transfer to the WMF. The task is completed once the charge pan assemblies have been
removed from the reactor core and safely processed through the WMF.
Task 8
- Graphite moderator, and reflector removal
A combination of standard ROV tools along with purpose designed tools for the removal of the
moderator and reflector brick will facilitate the rapid and safe transfer of the graphite bricks to
the WMF.
Task 9
- Restraint structure removal
This task consists of the operations required for the removal of the reactor core restraint
structure. It is interspersed with tasks to remove the RPV and graphite bricks along with the
retrieval of the inlet and outlet gas ducts, associated fairings, and the thermocouples.
The purpose of this task is to allow the removal of the entire graphite core structure, in parallel
with RPV and core restraint cage thereby taking advantage of the existing structures which
provide the working platforms.
Task 10
- Gas duct removal
The purpose of this task is to remove all six outlet gas duct forgings and associated steelwork
components which are forged into the pressure vessel wall. This will allow the continued
decommissioning of the RPV, graphite core and core restraint structure in a top down approach.
Task 11
- Thermocouple boss removal
This task includes all operations associated with the removal of the four thermocouple boss
assemblies located on the equatorial line of the RPV. The bosses consist of forged sections of
steel, of similar design but much smaller than the gas ducts.
Task 12
- Gas inlet diffuser removal
This task includes the operations associated with the removal of the gas diffuser steelwork
above the gas inlet ducts and the three thermal columns.
Task 13
- Core support structure removal
This task is to be completed once the graphite core and core restraint cage have been removed.
It involves the retrieval of the lantern rings located in the core support plates, followed by
removal of the core support plates themselves for transfer to the WMF.
Task 14
- Bioshield additional lower access scheme
In order to allow the positioning of the ROVs next to and underneath the diagrid, it is proposed
to provide a lower access point through the bioshield. This will also facilitate the positioning of
additional machinery required for the removal of the activated bioshield walls and base.
Task 15
- Diagrid removal
This task deals with the removal of the diagrid, the remaining RPV, the RPV support structure,
the raft cooling structure and the debris removal duct.
Task 16
- Light gauge claddings and insulation
This task has been included to ensure that all light gauge claddings and insulation are carried
out at the best possible time during the decommissioning process to facilitate tooling
deployment.
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Task 17
- Miscellaneous waste
The generic term of miscellaneous waste is applied to all secondary waste that is generated
during the dismantling process, which requires recovery and processing. The amount of solid
material that will arise from the processes has been estimated. It comprises a quantity of waste,
which is raised as particulate for collection by the ventilation system and the remaining solid
waste that will remain within the bio-shield.
Task 18
- Remaining pile cap removal
A requirement of the decommissioning is the removal of the irradiated concrete from the inside
surface of the biological shield, including the inside surface of the pile cap itself. First the
reactor components inside the bioshield will be removed so that the safest working environment
can be achieved during the removal of the remaining pile cap.
Task 19
- Activated bioshield removal
This task covers the removal of part of the biological shield walls. The depth of the irradiated
concrete, based on sampling results, is estimated to be one metre. This task also includes the
removal of the section of biological shield walls, which contains the mortuary tubes used for the
storage of irradiated material.
Task 20
- Bioshield base removal
This task covers the removal of the biological shield base. The biological base is considered to
contain the most irradiated areas of the biological shield, due to its proximity to the core and the
degree of steel reinforcing.

Stage 3 - Waste Management Facility (WMF) construction and operation
The purpose of the Waste Management Facility (WMF) is to manage all waste, which will be
produced during the dismantling of the Latina reactor, in a safe and efficient manner. The WMF will
manage all waste from its arrival at the receipt bay to its despatch in waste transport packages from the
export stations.
The WMF will be designed as a sealed and shielded enclosure to handle and reduce the size of solid
low-level waste (LLW) and intermediate level waste (ILW). The WMF will be connected to the
transfer cell on the reactor pile cap by the waste discharge route, (located in Gas Duct Flume N°6).
The retrieved waste will be transported on this fully shielded route to the WMF in a waste transfer
container or basket.
The WMF will be constructed within the original building envelope with some modifications.
According to plans it will be located in the circulator hall (blower hall) after all existing equipment
such as ducts, pipes and blowers has been removed.

CONCLUSIONS
The project has resulted in a preliminary plan for the prompt decommissioning of the Latina Nuclear
Power Plant, which has been used to support the presentation of a Preliminary Decommissioning
Safety Case to the Italian Regulator.
The feasibility of conducting the decommissioning operations has been investigated to determine the
engineering requirements and safety considerations.
The project has demonstrated that using currently available technology, the prompt decommissioning
of Latina can be completed safely and efficiently. Engineering schemes have been developed to
address all aspects of activated waste retrieval from the reactor bioshield. Potential engineering
problems have been identified and resolved using a combination of experience from ongoing and
completed BNFL decommissioning projects and by developing solutions specific to Latina NPP with
the Sogin Operational Team.
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Safety considerations have been paramount during the development process. This has led to the design
of robust and reliable solutions, coupled with the specification of remotely operated shielded waste
handling and management facilities.
It is concluded that the decommissioning of Latina NPP can be completed within the timescale set by
the Italian Government of 2020.
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LINE INDICATES SCOPE OF STUDS

FIG. I - SECTION TROUGH REACTOR BUILDING
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Abstract. In this paper the possibility is discussed of using the resources of fresh water lake sediments
(sapropels) for remediation of soil contaminated by radionuclides in Belarus. This research deals with six
samples of different types of sapropels and four samples of sandy soil of Belarus. The objective of this study is
twofold: firstly, to verify whether the solid / liquid distribution behavior of radiocesium and radiostrontium in sapropels
is governed by the same processes as in soils (and if so, whether this solid / liquid distribution can be described
quantitatively on the basis of a number of easily measurable physicochemical parameters of soil); secondly, to
estimate the potential effectiveness of using different types of sapropels amendments to some sandy soils from the
Chernobyl contaminated zone which are characterized by relatively low sorption properties for both radionuclides.

INTRODUCTION
During the years after the Chernobyl disaster in Belarus (as well as in others CIS countries that have
contaminated territories) there is a tendency to increase the quantity of soluble forms of radiostrontium
which are easily assimilated by plants, but mobility of radiocesium stays at the same level and does not
decrease. To reduce transition of these radionuclides into agricultural products, chemical supplements
and higher amounts of mineral fertilizes as well as manure are widely applied in the agriculture of
Belarus. Furthermore research carried out in Belarus recently showed that these measures in many
cases are not effective and expensive, they lead to destruction of the soil's natural chemical balance
and lead to biogeochemical changes in the region [1]. At present there is a tendency in a number of
countries in the application of natural supplements, which have properties similar to soil structure like clay
minerals, zeolites and fresh water lake sediments - sapropels [2, 3, 4, 5, 6]. Sapropels are fine-textured
colloidal deposits containing at least 15 wt. % organic matter, as well as mineral components of
biogenic and lithogenic origin. It is a naturally occurring substance composed of organic matter, which
consists of plant and animal sediments formed in anaerobic and microbiological conditions on
freshwater lake bottoms. Sapropel contains all the basic nutritious substances for plants to grow and
develop: nitrogen, phosphorus, calcium, magnesium and potassium, microelements (S, Cu, Zn, Br, I,
Co, Ni, etc), biologically active substances, organic and humic acids [7]. There is no similar class of
nature-occurring organic fertilizers of equal physical and chemical properties. Thanks to their unique
agrochemical properties and ability to absorb heavy metals and radionuclides, sapropels are the most
promising natural organic raw materials for remediation of soils contaminated by radionuclides [7, 8].
The efficiency of sapropels used as a means for the decreasing of transition of radionuclides from soil
to plant in the first stage after the Chernobyl catastrophe was studied within the framework of the
ECP-2 (1994) project and it was pointed out that the sapropels represent a promising organic material
for these purposes, especially as a supplement for poor sandy soils. [4].
The Republic of Belarus has huge sapropel reserves (more than 1759.1 million m3). The main types of
sapropel common in Belarus are as follows: organic, carbonate, silica as well as mixtures of the latter
ones. The availability of different types of these resources in all regions of Belarus is the reason for
studying of their sorption properties with respect to ^Sr and I37Cs with purpose of utilization of these
resources to remediate the contaminated soils [9] in future.
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At present time a considerable part of Byelorussian lakes are overfilled with these natural resources
and therefore they require clearing. That is why the use of this raw material in agricultural practice of
Belarus will have in future both ecological and economical effect. In this regard it is necessary to
mention that the major part of soils contaminated by radionuclides in Belarus are sandy soils which
normally have light granulometric composition, law content of organic matter and law fertility [10].
We hope that in this case the use of sapropels will have a good remediation effect [8].

METHODS AND MATERIALS
The study of effectiveness of sapropel use for remediation of soil contaminated by 85Sr and I37Cs, was
carried out by the determination of solid/liquid distribution coefficients
K

s

85

Sr and

137

Cs (¥L

and

n

° ) i pure sapropels and soil samples as well as in soil/sapropels mixtures. The approaches and

methods developed by the Head of Colloid Chemistry Laboratory, Prof. A. Cremers and his school
were used in this study [11, 12, 13,14], According to the view of this school, two remarks can be made
regarding the assessment of sorption / desorption properties of soil.
Firstly, transfer factors integrate the effects of processes working at different levels (soil chemical
availability, soil-to-solution and solution-to-root mass transport, soil (solution)-root interface processes,
physiological plant processes, etc.). Secondly, although soil-to-plant transfer seems to be mainly a
function of soil type [15], choice of the type and dose of adsorbent is frequently made without any
quantitative knowledge of the different physicochemical parameters which govern the solid / liquid
partitioning of S5Sr and 137Cs both in the soil and in the adsorbent to be added, and as a result, in many cases no
effect is observed [6, 16].
The authors mentioned that the sorption mechanisms for radiocesium and radiostrontium are radically
different. In the case of strontium, the Cation Exchange Capacity (CEC) and the calcium status of the
system (assuming a unity value for the Sr2+ to Ca2+ selectivity coefficient) nearly exclusively rule
solid/liquid distribution behavior. In the case of radiocesium, the solid / liquid distribution behavior is
exclusively - except in case of extremely organic soils — based on the number of illitic specific
sorption sites and the K+ - N H 4 + status of the soil (solution) [11]. Six sapropel samples of different
type and four podzolic soil samples of different granule size and mineralogical structure were included
in this study (Table 1).

Table 1: List of sapropel samples and soils studied.
Sample

Region of origin

Type of sapropel and soil

LS-1

lake Sydobl, Smolevichi region

organic sapropel

LS-2

lake Lochinskoye, Osipovichi region

organic sapropel

LS-3

lake Dobeevskoye, Schumilino region

silica sapropel

LS-4

lake Chervonoye, Gitkovitchi region

organic sapropel

LS-5

lake Veino, Belinichi region

carbonate sapropel

LS-6

lake Najda, Gitkovitchi region

silica sapropel

S-l

Hoiniki district, Belarus

soddy podzolic soil
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S-2

Narovlya district, Belarus

soddy podzolic soil

S-3

Novosyolki district, Belarus

soddy podzolic, light sandy soil

S-4

Novosyolki district, Belarus

soddy podzolic, light sandy soil

All samples were dried at room temperature (the final water content as determined after heating at
105°C during 24 h was smaller than 1.5 % for all samples), ground in a mortar and sieved (1 mm).
CEC values of samples involved in this study were determined using the silver-thiourea (AgTU)
procedure [17], but without adding 0.05 mol dm NH4Ac as a buffer, in order to obtain CEC values at
pH values close to in -situ pH values. Organic carbon contents were determined using the WalkleyBlack method [18, 19] and then multiplied by a factor 2 in order to obtain the OM content. A factor 2
was used since OM (humics, fulvics and humine) contains about 50 % of organic carbon [20, 21]. pH
values were measured in KC1 0.01 mol dm at solid / liquid ratios of 1/2.5 or 1/5 kg dm .
FES

Radiocesium interception potentials (RIP
described in a previous section.
Sr

) were measured using the AgTU masking technique

Cs

K
and BL
measurements were done in the following way. Sapropel and soil samples (1 g) were
dialytically (0.010 dm3 inner solution and 0.250 dm3 outer solution) equilibrated with a synthetic
solution, which is representative of the average in situ solution of the sapropels studied (see Results
and Discussion and Table 2; PAR = 0.066, K = 0.2 mMole dm"3, Ca = 9 mMole dm"3, S/L = 1/200 kg
dm ). Samples were shaken end-over-end for 24 hours and dialysates were replaced by fresh solution.
This step was repeated two times. After presaturation, dialysis membranes were dried with a paper
tissue and weighed in order to calculate the exact volume within the dialysis membrane. Next, samples
were equilibrated for 24 hours with the same solution, labeled with Sr and Cs (S / L = 1 / 35 kg
-3

85

dm ). Kp

l 3 7 Cs

Sr

and K

3 - 1

85

values (dm kg ) were obtained after gamma spectroscopy of the

Sr and

Cs specific activities in the liquid phase before and after addition of the solids.

RESULTS AND DISCUSSION
Physicochemical characterization of sapropels and soils
Sapropel and soil samples were characterized in terms of CEC, organic matter (OM) content, pH,
RIPFES, KD85Sr and KD137Cs (Table 2).
Table 2: Physicochemical and sorption characteristics of the sapropels and soils
symbol

O.M.

FES

CEC

pHicci

K D Sr

KDCS

(ml/g)

(ml/g)

RIP

-i

(wt. %)

(Equiv.kg )

LS-1

65

0.675 (5.9)

5.4

0.114

LS-2

73

0.891 (5.9)

5.5

0.154

50

551

LS-3

39

0.538 (6.5)

6.3

0.990

23

5397

LS-4

52

0.697 (5.8)

5.1

0.649

33

4310

-i

(Equiv.kg )
22

298
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LS-5

23

0.382 (7.4)

7.5*

0.223

26

1120

LS-6

27

0.298 (6.0)

5.3*

0.224

17

979

S-l

n.d.

0.056

5.3

0.140

-

477

S-2

n.d.

0.061

5.1

0.230

-

738

S-3

n.d.

0.0202

6.0

0.810

2.53

920

S-4

n.d.

0.0239

6.1

0.710

3.02

899

pH was determined in 0.01 Mole dm" KC1 at S/L 1/5 kg dm", except * at S/L 1/2.5 kg dm"
n.d. = not determined.
It is seen that CEC values of the different types of sapropels cover a range of 0.250 to 0.900 Equiv.
kg .pH values of the equilibrium solutions vary between 5.8 and 7.4 and correspond fairly well with
the respective pHKCi values of the sapropel (pH 5.1 to 7.5), suggesting that the measured CEC values
are a good estimate of the in-situ CEC value. Furthermore, it is seen in Table 2 that CEC values show
a distinct correlation with the OM content (covering a range of 20 to 70 wt. %). Normalizing CEC
values with respect to the OM content leads to an average value of 1.29 ± S.E. 0.09 (n = 6) Equiv. kg .
Consequently, it appears that the CEC is to a large extent associated with the organic matter.
Evidently, besides organic matter, ion exchange sites are also situated on clays, silica and oxides.
PHKCI values of the sapropel are neutral to slightly acidic, similar to agricultural soils. As a result, no
drastically changes of the soil pH are to be expected upon addition of sapropels.
The set of sandy soils is characterized by much lower CEC values, covering a range of about 0.02 to
0.06 Equiv. kg . It can therefore be expected that the addition of sapropel, particularly when
exhibiting a high CEC value, shall be beneficial in regard to radiostrontium sorption.
FES

RIP
values are also included in Table 2. It is apparent that the range of values covered in the
sapropels (0.1 to 1 Equiv. kg ) is identical to the one for the sandy soils (0.1 to 0.8 Equiv. kg ).
Table 2 shows that all types of sapropel samples have considerably more (10 times and more) sorption
ability to 85Sr (KDSl), then samples of sandy soils. In regards of 137Cs, it is necessary to mention that the
high sorption ability to this radionuclide was silicate sapropel samples only. Organic sapropel LS-2
has more high meaning of KDSr then other samples (50 ml/g), but KDCs in this case has one of the
lowest (551 ml/g). Silica sapropel LS-3 has more high meaning of KDCs (5397 ml/g), but KDSr is one of
the lowest (23 ml/g). Such a distribution of coefficients means KDCs and KDSr are normal if we will
take into account the results of many scientific studies which showed maximum sorption ability 137Cs
by mineral substances and for 85Sr - by organic matter [22].
Table 2 shows that higher sorption coefficient to cesium and strontium has two sapropel samples LS-2
and LS-3 organic and silica types respectively. That is why these samples were taken for future
research experiment on the determination of efficiency of using of sapropel for remediation of sandy
soil.
Estimation of the potential effectiveness of sapropel amendments
The estimation of the effectiveness of some particular amendment is based on K^ measurements in
pure and supplemented soils. All tests were performed in a synthetic mixed KC1 / CaCl solution (K
and Ca concentrations of 1.057 and 4.472 mMole dm , respectively; PAR = 0.5), thus assuming that
the composition of the soil would govern that of the sapropel added.
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Addition of high CEC sapropel to low CEC soils resulted in an increase of the total CEC and
respectively proportional increase of the radiostrontium solid / liquid distribution coefficients, as well
as consequently an almost inversely proportional decrease of radiostrontium solution levels.
Two different experiments were carried out as per protocol 1 and protocol 2, respectively, see Table 3.
The potential effectiveness of two sapropel samples of different types was studied, showing either the
FES

highest value for CEC (organic sapropel LS-2) or for RIP

(silica sapropel LS-3).

Sapropel

Table 3: Summary of the different experimental
combinations
Radionuclide
Soil
Protocol
Dose (wt.%)

LS-3

0,2,4

S-l

'"cs

1

LS-3

0,2,4

S-2

B7

1

LS-2

0,1,2,4

S-3

LS-2

0,1,2,4

S-4

Cs

"Sr, '"OS
85

Sr,

137

Cs

2
2

The experimental conditions of protocol 1 were as follows: 5 gram samples of soils S-3, S-4 were
weighed in dialysis membranes (4 replicates). 50, 100 or 200 mg of the organic sapropel LS-2 (which
correspond to 1, 2 and 4 wt. % doses) was added into three of the four aliquots of each soil. Systems
were dialytically (0.025 dm3 inner solution and 0.200 dm3 outer solution) equilibrated with the
synthetic solution by end-over-end shaking and repeated replacements of the outer solution (S / L = 1 /
45 kg dm ; 4 replacements during a 6 days period). After presaturation, membranes were dried with a
paper tissue, weighed (in order to calculate the exact volume within the dialysis membrane) and
introduced into poly-ethylene vials which were filled with 0.025 dm of the same solution (S/L ratio =
3

85

85 o
o
8 5

137

1/10 kg dm ) and labeled with Sr and Cs. Systems were shaken end-over-end for 24 hours. K^ a r
and K^ Cs values (dm kg ) were obtained after gamma spectroscopy of the Sr and Cs specific
activities in the liquid phase before and after addition of the solids.
In protocol 2, the effectiveness of 2 and 4 wt. % additions of silica sapropel LS-3 (high RIPFES) to the
soils S-l and S-2 were tested. All experimental conditions were similar to those of protocol 1, except
that the final test solution was labeled with Cs only.
In the case of radiostrontium, tests were limited to the LS-2 sapropel (exhibiting the highest CEC
value). Three soils (S-3, S-4) were supplemented with 1, 2 and 4 wt.% doses of sapropel LS-2. In the
case of radiocesium, several combinations of soil and sapropel were tested: 1, 2 and 4 wt. % doses of
sapropel LS-2 with soils S-3, S-4 (protocol 1) 2 and 4 wt. % doses of sapropel LS-3 with soils S-l and
S-2 (protocol 2). The efficiency of sapropels LS-2 and LS-3 as amendments to soil samples is shown
in Figures 1-3.
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FIG 1. KD values (ml/g) measured in the pure
and in the amended soils versus the applied dose
of sapropel. Protocol 1: Soils S-l, S-2 with 0, 2
and 4 % doses of sapropel LS-3.

FIG 2. KDCs values (ml/g) measured in the pure
and in the amended soils versus the applied dose
of sapropel. Protocol 2: Soils S-3, S-4 with 0, 1,
2 and 4 % doses of sapropel LS-2

FIG 3. KD r values (ml/g) measured in the pure and in the
amended soils versus the applied dose of sapropel. Protocol
2: Soils S-3, S-4 with 0, I, 2 and 4 % doses of sapropel LS-2

Figures 1-3 show that the sapropel of one type (as a supplement) in equal doses has different effect on
KDSr and KDCs in case when applied in different sandy soil. Tl
The highest effect as for 85Sr as 137Cs for all
soil, which involved in this study has organic sapropel LS-2.
Figure 2 shows that KDCs for sandy soil samples with organic sapropel LS-2 (as an amendment) has the
maximum effect with doses 1 and 2 % in soil samples S-3 and S-4 and in case of applying higher
doses the effect decreases. Such change of KDCs when organic sapropel is added to soil, is possible,
and this explains the specific reactions between organic matter of sapropel and mineral substances of
soil, as many researches have demonstrated [23].
hi our case for sapropel sample LS-3 we have no beneficial effect, which is to be expected from
adding sapropel to soils in regard to the improvement of the radiocesium sorption.

-338-

As far as KDSr is concerned (Fig 3), it is necessary to point out that in case of application of higher
doses of organic sapropel to soil the value of coefficient strongly grows. But in case of S-4 soil we
have the minimum coefficient value with sapropel dose of 2 %, which perhaps is the result of the
specific reactions between organic matter and mineral substances.
The maximum value of KDSr we can observe in one case of using of 1 and 4 % of organic sapropel LS2 for soil (S-3), and for S-4 soil - when we applied 4 % dose. However, it can be expected that when
adding high CEC sapropels to low CEC soils, the original composition of the soil will be drastically
affected, the extent depending on the relative values of the CEC and the amount of sapropel added.
In addition, amendments with organic sapropel may directly (addition of nutrients) and indirectly
(increase of pH and CEC) improve the fertility status [8], and even so the water holding capacity of
the contaminated soil (diminishing resuspension risks). In this context, the mineralization rate of the
sapropel organic matter in the amended soil is an important factor. The mineralization rate of soil
organic matter depends on a range of factors such as the type of organic matter, the climatic conditions
(temperature, humidity and so on), the type of soil, and the type of cultivation.
On the other hand, the reversal from anoxic to aerobic (oxic) conditions may drastically increase the
microbial activity, favoring the mineralization of sapropel organic matter.
One of the limitations inherent in the application of supplements is that of the doses to the soil. If we
consider that a dose of 1 (weight) % corresponds to some 30-50 tons per hectare (depending on the
bulk density of the soil), then we shall require a radionuclide sorption capacity - or interception
potential - for the soil additive which exceeds the one of the soil by some two orders of magnitude to
obtain a significant effect (a factor of two).
Consequently, it is imperative that, prior to any attempts, we are in a position to establish the specific
radionuclide sorption capacity and acquire reliable procedures for assessing the relative sorption
potential of both soil and supplement.

CONCLUSIONS
The data presented in this paper demonstrate that the solid / liquid distribution behavior of

Cs, and

85

Sr, in sapropels is governed by respectively the same processes as in soils.
This study shows the possibility of the use of sapropels supplement to sandy soil for the decreasing of
137
Cs and 85Sr. The best result in all cases as for 137Cs as for 85Sr has organic sapropel LS-2. We had
positive effect when we used these types of sapropel under doses 1 % (30-50 t/ha).
Any higher doses of sapropel used as a supplement to sandy soil (more than 2%) is effective only for
strontium, but perhaps these doses would not agree with economic efficiency.
Supplement of silica sapropel LS-3 to sandy soils in all cases shows no effect on increasing of KDCs
value despite of high coefficient value for this type of sapropel.
So, it is necessary to select a specific sapropel for each concrete type of soil as well as to specify a
dose to get and optimal sorption properties of the soil.
Finally, it should be stressed that the predictions on the beneficial effect of sapropel supplements for
radiostronium are based on laboratory experiments, where optimal mixing is ensured. The optimal
doses, which we have got in laboratory experiments, are to be checked in field conditions to get
practical remediation effect. In any case, good remediation results are to be expected only after
thorough mixing of sapropel with the contaminated soil layer.
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Abstract. In accordance with the "General guidelines for NPP safely assurance" PNAE G-01-011 -97 (OPB88/97), the organization operating a WWER NPP must develop a "Program of NPP unit decommissioning" not
later than 5 years prior to the end of the plant's design life and submit it to State supervision bodies. Because of
the change of the BUSHEHR NPP unit-1 designer during its construction, the planning for the decommissioning
should be preceded by a more complex examination by the commission assigned by the operating organization.
On the basis of this complex examination, the operating organization will develop the details for
decommissioning and prepare a safety analysis report for the decommissioning activities in order to receive a
license.
If the NPP unit must be decommissioned before the end of its design service life for any reason, it must be
defined in a special program with consideration of actual unit state. Engineering solutions, measures and
activities supporting decommissioning must be made at all preceding stages of service life.
In this paper, two alternative concepts of decommissioning the BNNP unit - 1 are described. Also details of the
basic concept of decommissioning the unit and of the preliminary work required before BNPP unit-1
decommissioning can begin have been described.

INTRODUCTION
Decommissioning is a part of the normal NPP unit life. NPP unit decommissioning is a complex
problem, including a widespread range of questions, beginning from the permanent termination of unit
operations, until the complete elimination of the NPP and restoration of the site to its initial state,
suitable for other purposes. Decommissioning allows the land to be reused or recycled in hopes of
returning it to its natural state. Leaving the radioactive material on-site can contaminate the
environment and affect public health and safety.
At present in Iran, the Bushehr Nuclear Power Plant Unit 1 is under construction. It is one thousand
MW unit pressurized water reactor of WWER type. Systematic and efficient consideration concerning
NPP decommissioning is essential at this stage.
A cost estimate is also essential to assess in the planning and selection of the most suitable
decommissioning program. This takes into account the large variety of plant inventories, waste
categories and decommissioning options. This makes the cost estimates a complex task.

ALTERNATIVE CONCEPTS OF NPP DECOMMISSIONING
The main alternatives for NPP decommissioning are:
elimination of the NPP; or
burial of the Unit.
Other
stages
actual
safety

alternatives for decommissioning are possible which affect consider other combinations of
and end points of the decommissioning process. The selection of the concept depends on the
state of the unit at the moment of permanent shutdown, perspectives of site use, revisions of
requirements, etc. These alternatives are characterized by different methods and stages for
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performing the work. The length of time to complete the project and the criteria for the completion of
each stage of decommissioning are determined by the "Program of NPP unit decommissioning".

Decommissioning of the NPP unit
Decommissioning of the NPP unit includes the following stages:

Preparation for storage and surveillance
This stage includes the preservation of equipment, systems and structures of the NPP unit; and the
localization of the high-activity equipment into the reactor building for the period defined by the
decommissioning project.
At this stage radiation monitoring system is maintained. The system should be optimized in
accordance with the changed state of unit. This might affect the parameters and volume of radiation
monitoring. The integrity and serviceability of the equipment and systems must be maintained to
ensure the safety of the NPP unit under storage and surveillance and during the execution of
subsequent procedures of decommissioning.
Localization of the equipment and systems of NPP unit in the premises of the reactor building is made
with the help of additional protective barriers for the period established, with consideration or
anticipated change of the actual radiation situation and the conditions of the unit-1 structures.
At this stage the dismantling and removal of clean, low contaminated and low radioactive equipment
and systems can be conducted. This means that clean equipment can be reused and the radioactive
waste will be processed, packaged and organized for on-site storage.

Stage of storage and surveillance of the localized equipment
The duration of this stage is determined by the overall decommissioning plan and can depend on:
the life time of the structures in which the localized equipment is stored;
the decrease of radioactivity of structures due to natural disintegration of radioactive material; and
the necessity of preparing the site for new unit, etc.

Stage of complete removal of the NPP unit
This stage includes:
Complete disassembly of the localized equipment and systems;
disassembly of the buildings and other components of the NPP Unit which have no further
use;
processing, packaging and storage of radioactive waste on the site of the NPP;
reuse of the released area of the site for new NPP unit structures.
Delivery of all radioactive waste for storage. This waste should be conditioned and stored properly in
the form suitable for later removal from the storage facility with the purpose of:
further processing;
repackaging of the packaging or container; or
burial.
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Burial of the unit
Burial of the unit includes the following stages:

Stage of unit preparation for burial
This stage includes the disassembly and removal of clean, low contaminated and low activated
equipment and system of unit; use of clean equipment; and the processing, packaging and storage of
radioactive waste in accordance with the project decommissioning plan. Much of this waste will
remain in the building.

Stage of localization
This stage includes
preservation or equipment, systems and structures not subject to disassembly;
localization of high active equipment and conditioned radioactive waste in the reactor
building; and
full disassembly and removal of equipment, systems, structures not subject to burial or further
use.

Stage ofNPP unit burial
At this stage the additional protective barriers (containment) are erected around the localized rooms of
the reactor building to exclude contamination of the environment and to provide protection against
calamities and atmospheric impacts, as well as to exclude uncontrolled access to the place of burial.

BASIC CONCEPT OF BNPP DECOMMISSIONING
After making a decision concerning decommissioning, it is necessary to develop "The program of
NPP unit decommissioning". This includes organizational, engineering and sanitary-hygienic
measures in order to define, plan, schedule decommissioning activities; identify responsibilities;
characterize the systems, evaluate the radioactive waste volumes; and determine the means for their
processing, transportation and burial.
After final shutdown of the unit, the period of preparation for decommissioning takes place. This is
performed in accordance with the requirements of the regulatory authority. It may include the removal
of fuel from the core, removal of unnecessary equipment, removal and processing of radioactive
waste, and conversion of the NPP into the anticipated state.
All radiation doses during decommissioning must be kept as low as practically possible with
consideration of economical and social factors. The ALARA principle, resulted from recognition of
non-threshold dependence of dose-effect within low doses range inherent to the controlled levels of
irradiation of personnel and population, will be used within qualitative optimization of radiation
protection at choice from a set of the possible variants.
Requirements of the State supervision bodies are obligatory for all organization and enterprises
participating in NPP unit decommissioning. Activity connected with the decommissioning activities is
allowed only for the organization having the license for such activities.
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PRELIMINARY WORK BEFORE BNPP UNIT DECOMMISSIONING
From the moment of commissioning of the plant, a system for the collection, categorization and
storage of information about the history of NPP unit operation must be in place. Not later than 5 years
prior to the end of the expected design life period, the operating organization should make a choice of
to the direction of the shutdown of the operations and make a decision about the decommissioning
strategy that will be implemented. This should be in accordance with "General guidelines of NPP
safety" PNAEG-01-011-97 (OPB-88/97).
The choice of approach that will be used during the shutdown of NPP, as a rule, should be made on the
basis of the results of an economical analysis and directions of NPP shutdown.
The comprehensive engineering and radiation examination of the NPP unit is carried out with the aim
to evaluate the actual technical and radiation state of equipment, systems, structures and site of the
facility. The comprehensive engineering and radiation examination is carried out in several stages
which corresponds to the stages of activities on the NPP unit decommissioning.
On the basis of the economical analysis of the various approaches to operational shutdown, an
operating organization should provide the development of a technical and economical report about the
variants of NPP unit decommissioning.
It assumes comparison and clarification of alternative variants in order to reach the end state of the
unit that is within the economical analysis and the more detailed analysis of engineering, economical,
social and temporal factors of the variants, as well as the comparison of the levels of safety assurance
of these variants.
Within the period specified by "Program of preparation of NPP unit decommissioning" and "Program
of NPP unit decommissioning" and on the results of the economical analysis, all operating
organizations should provide development, coordination and approval of appropriate information and
activities as specified by the decommissioning project.

CONCLUSION
The process for decommissioning the Bushehr Nuclear Power Plant requires the development of a
detailed plan based on the design and engineering solutions for all separate stages of the activities in
accordance with the chosen variant for the NPP unit decommissioning. In conclusion, the
decommissioning process should minimize the radiation impact on personnel, population and the
environment. During decommissioning, these limiting values must not be exceeded. The requirements
for radioactive waste management and radiation safety should be met.
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Abstract. Present German decommissioning projects, like NPP Greifswald, NPP Rheinsberg, NPP Wiirgassen,
Siemens Fuel Fabrication and Siemens Hot Cells, utilize an uniform documentation system for registration,
tracking and monitoring of radioactive material. This documentation system, the ReVK, is designed to track the
complete disposal treatment of radioactive waste beginning from its generation with all disposal and
conditioning steps up to its final destination.
ReVK is built on a standardized base version which offers multiple configuration opportunities respecting the
users' individual requirements concerning the root functionalities of ReVK. Furthermore ReVK provides a
multitude of add-ons to meet special user needs, which enlarge the spectrum of application enormously.
Principally ReVK is designed to be upgraded easily at any time.
Since August 2001 specific requirements for documentation systems for radioactive waste are stated. ReVK has
been adapted to fit in this legal frame.
The following will introduce ReVK and its functionalities.

REVK-CONCEPT
ReVK consists of a database used as back-end to save all relevant data related to radioactive
substances. The user-friendly, front-end supports all diverse tasks, which are connected to the
treatment of radioactive material.
ReVK was designed in particular to:
register, update and provide information about radioactive substances and waste;
control and manage all shipment, storage and treatment processes;
manage substantial balances and bookkeeping requirements;
process checks for exemption and the suitability for a final disposal;
prove the destination of radioactive waste and substances resulting from the decommissioning
process;
generate official reports and documents; and
support operational concerns resulting from decommissioning and disposal strategy.
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The ReVK concept is explained in the following figure to exemplify a material flow scheme.

BC

. BC

combination
of S andC

AS

transport
i

sample
sample

'• A2

storage

exemption

Represented are, among other things, the initial registration, separation and combination of material,
shipment and storage. Samples and exemption are also considered.
The actual state of the scheme is presentable at any time. All data resulting out of the material flow
A2, B, C and D are displayed for an exemplary period of time referring to their prior material history.
ReVK in its described logic is designed to fulfil complicated, labor intensive administrative
requirements concerning the handling of radioactive substances in an easy way. Due to data transfer
from one process to the other, double testing can be prevented. Furthermore plausibility tests are
implemented to reduce possible errors.

REVK-DESIGN
ReVK is a database application, which can use any client server database such as Oracle or MSSQLServer. The default is a Foxpro database, as the software has been developed using Visual
FoxPro.
Data input takes place by use of ergonomically designed input forms, which allow comfortable and
reliable data registration. On entering the data, the user is assisted by input aids and automatic
plausibility checks. The permanent parameters like storage sites, PC-sites, places of origin, container
types, material types, etc. are available as drop-down reference lists.
Each input form has two or more registration pages within one page frame, which makes it possible to
switch immediately from the form to the browse mode. The representation in browse mode can be
changed freely according to the Windows standard. Hot keys are available within the table for fast
operation.
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The base version consists of modules for activity calculation, shipment, storage, waste tracking, data
retrieval and export and import interfaces.

Activity Calculation
Radiological data are a significant part of each waste package record. The radiological data consist of
nuclide specific activities, total alpha- and total beta/gamma-activity, dose rates and values of surface
contamination. These values can either be entered into ReVK as measured or externally acquired data,
or they can be calculated by ReVK. For this purpose, ReVK has its own calculation module, which
can be adapted to user-specific requirements with exceptional flexibility.
It is possible for example to choose any nuclide vector from the list of nuclide vectors and link it with
the considered waste record. In addition calculations may be carried out by use of non-linear nuclide
correlations that can be configured freely. Measured nuclide activities or dose rates can be used as key
parameters for activity calculation.

Waste shipment
Prior to shipment of a waste container, the required waste data (sender, receiver, radiological data,
container, etc.) are compiled in ReVK. Once completed, the data are transmitted to the receiver for
verifying the compliance of the waste container and its radiological content with the waste acceptance
criteria. After shipment the receiver confirms the receipt of the shipped container.
In addition to the description of shipments, the ReVK shipment module consists of a container and
packaging management feature, which provides information about the location and the status of
loading (loaded/unloaded) of every transportation container and waste packaging used in the
respective facility or project.

Storage
•

»

v

The management of waste packages in a buffer, an interim storage facility or a final repository is made
transparent by the storage function implemented in ReVK. This function allows the configuration of
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emplacement sites with the definition of their positions, exact size, maximum load and maximum
activities of their individual areas. Once the configuration of an emplacement site is complete - there is
no restriction on the number of different emplacement areas - packages can easily be assigned to the
respective position.
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Waste tracking
Waste tracking means to register waste data at the generation of a waste package and to update the
data at each disposal step (storage, shipment, treatment) up to final disposal. Thus, at any time within
the lifetime of the waste package, a complete proof of location and state of treatment etc. can be
produced on short notice.
Besides the shipment and storage module an independent waste tracking module is part of ReVK,
which can reproduce and document the origin and transport histories as well as the current storage site
of a waste package.
Graphic representation of the waste flow is also possible. It shows all stages the waste has passed.
Buttons between stages are marked with the number of the respective shipment or storage documents.
By pushing the marked button, the corresponding transport or storage instruction are represented, also
showing the waste packages pertaining to the particular transport.

Data retrieval
Data retrieval takes place by use of the SQL-database language or a simple query by form. The options
of this language (filters, joins, sub queries) provide a very effective, state-of-the-art means of data
retrieval. Formulated queries can be stored and reused. Result sets of queries can be stored for further
processing, too. This allows a very flexible export interface.
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For printout purposes, ReVK contains a powerful report generator. It can generate pre-formatted
documents or allows the preparation of other report formats at the user's choice. Among other things,
the option to calculate and evaluate data is part of this module. A number of pre-formatted report
forms is delivered with ReVK. Using the report generator, the user can make his own modifications or
create new reports.

Data interfaces
Export and import interfaces implemented in ReVK allow both formatted data exchange with other
waste documentation systems in Germany and free data exchange particularly for further data
processing with other commercial software, e.g. graphic tools or Excel.
In addition to these modules of the ReVK base version, numerous special modules are offered for
distinct user requirements. Typical applications are user specific check and control procedures,
licensing issues and the management of documents. Because of the growing use and meaning of
ReVK and the large amount of data registered, the spectrum of possible applications increases and
with this the list of new ReVK modules.

OPERATION EXPERIENCE
ReVK started operation in autumn 1996 within the Greifswald decommissioning project. The
importance of the system for the whole decommissioning process is documented by the following
table:
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120,000 registered waste packages
120 users
70 terminals

1,400 buffer areas
500,000 movements
18,500 shipments
2,000 containers

These figures prove the importance of software-based management throughout the complete process.
The management of all data regarding waste, transport and storage would be impossible without the
processing power of a computational tool like ReVK.
Though projects in different facilities differ regarding the amount of data and users, the importance of
ReVK for effective decommissioning remains the same.

QUALIFICATION AND OFFICIAL ACCEPTANCE
The method for activity calculation used by ReVK was examined and validated by TOv Bayern
within the framework of the activity determination in radioactive waste. Almost all waste packages
disposed of in the German ERAM repository are checked with regard to their activity by use of this
method.
Since August 2001 the collection of waste data in Germany is ruled by the novel of the radiation
protection ordinance. Type and amount of the collected data are given and the used documentation
system needs to be accepted officially.
ReVK has first been screened by TUV Bayern in May 2002. They found the system in accordance
with the terms of regulations. The official agreement is awaited soon.
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Abstract. The Kurchatov Institute is the largest research center of Russia in the field of nuclear science and
engineering. It comprises more than 10 research institutes and scientific-technological complexes carrying out
research work in the field of safe development of atomic engineering, controlled thermonuclear fusion, and
plasma physics, nuclear physics and elementary particle physics, research reactors, radiation materials
technology, solid state physics and superconductivity, molecular and chemical physics, and also perspective
know-how's, information science and ecology.
This report is basically devoted to the decommissioning of the research reactor installations, in particular to the
reactor MR because of the volume and complexity of actions involved.

BACKGROUND
The Russian Research Centre "Kurchatov Institute" (institute named after a nuclear physicist, I. V.
Kurchatov) was established in 1943 for the development of of nuclear weapons in country.
It was here in December 1946 that I. V. Kurchatov started up the first research reactor F-l in the
USSR, and the first uranium fission chain reaction on the continents of Europe and Asia took place.
Now the Kurchatov Institute is the largest research center of Russia in the field of nuclear science and
engineering. It comprises more than 10 research institutes and scientific-technological complexes
carrying out research work in the field of safe development of atomic engineering, controlled
thermonuclear fusion, and plasma physics, nuclear physics and elementary particle physics, research
reactors, radiation materials technology, solid state physics and superconductivity, molecular and
chemical physics, and also perspective know-how's, information science and ecology.
The center has a considerable scientific-experimental basis, in a structure which includes the research
reactors, critical and sub-critical stands, "hot" materials laboratories etc.
Due to the presence of a unique park of the experimental physical installations a number of the
projects that have been implemented succeeded in defining the contemporary state of development of
in number of areas of Russian science and technology.
The center was established on the outskirts of Moscow, but in the process of its intensive development
has been relocated to the boundaries of the city (Fig. 1).
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Fig. 1. Site diagram of the territory RRC "KI" and y-radiation monitoring points
It is located in the Northwestern part of Moscow at a distance of 1 km. from a meander of the Moscow
River and is 12 km away from the center. It occupies an area of more than 100 ha; in addition to the
main site there is another site occupying about 4 ha, which is directly on the riverside. Adjacent to the
sanitary-protective zone limit of the territory of the center of one hundred meters, there are apartment
houses.
Therefore increased attention is paid to the requirements related to nuclear, radiation, ecological safety
and modern physical protection during the operation and decommissioning of nuclear and radiation of
hazard facilities (NRHF).
As far as the irradiation equipment base used for research reactors is concerned, the series of research
reactors built and commissioned in the 1950s and 1960s have reached the end of the their planned
service life. In this connection the actual problem became the implementation of activities related to
their conversion, renovation and upgrading, as well as decommissioning.
At present there are six research reactors (from 12 located on the site) that are in operation, the others
have been partially or fully dismantled or shut down (Table 1).
Table 1 Nuclear Research Installations of the RRC "Kurchatov Institute"
Name

Type of reactor

Power MW(th)

Year of start-up
(upgrading)

Current status

F-1

Uranium graphite

0.024

1946

Operating

WWR-2

Water-water tank

3

1954(1960)

Dismantled in 1983

RFT

Channel, graphite

20

1952 (1962)

Dismantled
(partially) in 1962

MR

Channel, immersion pool

40

1963

Shut down in 1993

IRT

Pool

2

1957

Dismantled in 1979

IR-8

Pool

8

1981

Operating
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HYDRA

Homogeneous, pulse
aqueous solution of
UO2SO4

0.01-30 MJ in
pulse

1972

Operating

GAMMA

Light water tank

0.125

1982

Operating

OR

Homogeneous, aqueous
solution of UO2SO4

0.05

1981

Operating

ROMASHKA

Hyperthermal on fast
neutrons with thermoelectrical converter

0.04

1964

Dismantled in 1966

TOPAZ

Hyperthermal on fast
neutrons with thermoemission converter

0.1

1973

Dismantled in 1986

One inevitable result of the activities of the experimental reactor base RRC "KI" during the realization
of research works to carry out military and civilian programmemes in the field of atomic energy since
1943 was the generation of significant amounts of spent nuclear fuel (SNF) and radioactive waste
(RAW) in the territory.
The total activity of the SNF, accumulated in the center, is over l*10 1 7 Bq. The SNF stores hold
around 900 spent fuel assemblies weighing about 6 tonnes.
The total activity of the RAW kept in interim storage at the center is estimated to be ~ 3* 10 Bq. The
volume of RAW (not including contaminated soil) is around 1.200 cubic meters, and its weight is
estimated to be around 2.000 tonnes.
In view of this situation the Comprehensive Programme of Improving Nuclear and Radiation Safety
has been drawn up at the centre, which is aimed at reducing the potential radiation impact on staff, the
public and the environment. This programme was supported by the Ministry of Atomic Energy of
Russia (MINATOM) and has come by the constituent in the Programme "Nuclear and Radiation
Safety of Russia ", approved by the Government of the Russian Federation.
The programme envisages a number of tasks, which have to be carried out during the
decommissioning of the shutdown reactor installations MR, W R - 2 and "Romashka", to export the
SNF to the reprocessing plant "Mayak" for radiochemical processing, and also to eliminate the RAW
stores. The plan for these measures was ratified by the Government of Moscow City in 1998.

DECOMMISSIONING ACTIVITIES
This report is basically devoted to the problem of decommissioning the research reactor installations,
in particular to the reactor MR because of the volume and complexity of actions involved.
The reactor MR, a multi-loop research reactor (fig. 2), was shut down for good in 1993 after 30 years
of intensive operation, and in 1996 has been transferred to a nuclear-safe state with fuel discharge. MR
is a channel-type reactor immersed in a water pool. The reactor power (including loops) was 50 MW.
The maximum thermal neutron flux density in the core reached 5*10
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neutron, cm"2 s"*.

Fig. 2. Vertical section of the MR reactor:
1 - core and reflector vessel; 2 - beryllium and graphite blocks; 3 - fuel channel with fixed fuel assembly (FA); 4
- fuel channel with mobile FA; 5 - support plate of fuel and loop channel guiding cups; 6 - collectors of FA
cooling circuit; 7 - direct-flow U-shaped loop channel; 8 - channel of ionization chamber; 9 - mobile bridge
with drives of control and protection system (CPS) rods and mobile FA; 10 — pipelines of beryllium and graphite
blocks cooling circuit; 11 - channel with CPS rod.
The work carried out in the reactor included the broad test programme and research of the fuel rods,
the fuel assembly, the fuel and construction material used, the radioisotopes for medical practices, etc.
To facilitate carrying out tests of fuel rods and material the reactor has been equipped with nine loop
installations (Table 2).
Table 2 Basic parameters of the MR reactor loop facilities
Heat
Power,
kW

Coolant
flow rate,
t/h

Coolant
pressure,
MPa

Peek
temperature
of
coolant,
°C

Maximum
number of
loop channels in loop

Loop
facility

Coolant

PVTs-1

Water- steam
water mixture

3.000

30

10,0

310

7

PVTs- 2

#

300

30

10

310

2

PVK

#

300

150

20,0

330

6

PVU

#

300

30

20,0

330

4

PVO

Water

2000

100

20,0

330

5
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PV

#

3000

30

20,0

330

2

POV

#

1000

30

10,0

310

2

PVM

Pb-Bi

2000

2,5

0,5

620

1

PG

Helium

100

7

10

950

1

Up to now the following activities have been carried out to decommission the reactor:
•

From the core of the reactor all working and loop channels with fuel assemblies have been
discharged and transferred into a pond store. After the necessary cooling in the pond, the working
and loop fuel assemblies have been placed in dry store for SNF. The store holds a total of 560 fuel
assemblies, weighing a total of more than 5 tonnes.

•

The technical and radiation study of the structures, technological rooms, installations and systems
has been performed. In particular, measurements have been made of the y- radiation dose rate over
the height of the vessel made of beryllium and graphitic blocks. The isotope composition of the
residues on the internal surfaces of equipment and pipes lines has been determined.

•

Studies have been made of 60 technological rooms and up to 500 units of equipment. All
measurements are conducted in 1.500 points. The study results are laid out on collation maps.

•

Measurements of the radionuclide composition of the residues on internal surfaces of circuits
134

established that the main contribution to a radiation level (up to 90 %) is attributable to

Cs,

137

Cs

60

and Co.
According to data from the radiation examination, the weightof solid radioactive waste in the
reactor systems (the process equipment, pipe lines, experimental installations etc.) is estimated to
be more than 1.000 tonnes.
•

The experimental information was entered into the data base on a personal computer. Calculation
programmes to forecast the radiation conditions over time were written and introduced into the
data base.

•

The method how to transfer the spent nuclear fuel to the reprocessing plant "Mayak" for
radiochemical processing has been designed.
Unfortunately the removal of the spent nuclear fuel is hampered by the fact that the main body of
the SNF (-70 %) is in the form of experimental FA with different experimental fuel compositions,
which are not accepted by PO -centre "Mayak" for reprocessing, and for which special
radiochemical reprocessing methods need to be developed.

•

Work is continuing to develop a process and special equipment to dismantle the loop installations
and reactor structures, to elaborate a decontamination process, and selective methods of disposal
of radionuclides, etc.

•

There is an opening-up of input of data to elaborate the detailed method for the decommissioning
of the reactor.
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The entire activities of decommissioning the reactor MR include:
•

Elaboration of alternate versions of the decommissioning concept for the reactor up to the stage of
a site with restricted usage. Technical- economical research on optimization of financial, material,
and manpower resources, including the calculation of the dose rate of loads etc. was carried out,
and on this basis the finalized version of the decommissioning plan can be prepared for approval;

•

Elaboration of the technology and the required equipment for decontamination and the
dismantling of the reactor structures, circuits and technological rooms of the reactor and nine of
the loop installations. Elaborating the methods how the generated liquid and solid RAW is to be
handled;

•

Examination of building designs and systems of engineering maintenance;

•

Realization of complementary radiation examination of the equipment, technological rooms of the
reactor and loop installations, definition of a radionuclide composition of contaminations;

•

Preparation of a complete set of the documents required to obtain the license to initiate activities
related to the decommissioning of the reactor;

•

Evaluation of data and working documentation collected during the implementation of the project
on the decommissioning of the reactor and it of nine loop installations;

•

Manufacturing the special equipment needed for the dismantling activities, the deactivation
systems, the sorting of waste etc.

•

Acquisition of gears for overload activities in rooms and transport of the RAW;

•

Implementation of the dismantling activities (decontamination of rooms and equipment, the
fragmentation, cutting metallic constructions, sorting, compacting and packaging of the RAW);

•

Deleting the RAW generated during dismantling of the reactor from a site of the reactor;

•

Maintaining the secure contents of the object during decommissioning of the reactor.

Similar activities are carried out with regard to the decommissioning of the disassembled reactors
W R - 2 and "Romashka".
As can bee seen, the decommissioning of the three research reactors: MR, W R - 2 and "Romashka"
with transport of the SNF to the reprocessing plant "Mayak" is a very complex task, which requires a
long time planning, considerable material, labor, and mainly financial resources. According to
preliminary estimate the cost for the implementation of the multitude of activities mentioned above
will be about 60 millions US dollars
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Abstract. The decommissioning plan of units 1 & 2 of Kozloduy NPP (KNPP) consists of 3 phases: a 5 year
phase including the post operation activities and preparation of the safe enclosure (SE); a 35 years SE period,
followed by the diferred dismantling. In the end of 2001, the detailed design for the execution and operation of
SE was completed. One of the purposes was economical assessment of all activities related to the
decontamination and the waste management issue. The aim was to define the most economical strategy with
respect to the minimization of the conditioned waste volume and the overall decommissioning cost. This paper
gives basic information for the analysis of the technical decision to be implemented to minimize the final waste
volume and associated costs, including disposal cost.

INTRODUCTION
A detailed cost-benefit analysis of the decontamination options to be carried out during the Safe
Enclosure (SE) preparation phase has been included in the Terms of reference for development of
detailed technical design for decommissioning of unit 1 & 2 of KNPP. The objective of this analysis
was to compare the costs of different options for decontamination, taking in to account the waste
conditioning and disposal costs.
The results of the analysis and the conclusions with respects to the recommended option were
summarized for primary circuit and special water treatment installations - SVO 1 to 4 and were
extrapolated to the other contaminated auxiliary circuits.

INITIAL CONDITIONS
The Russian APCE process (Alkaline KmnOVCitricAcid/EDTA/N2H4) was recommended for the
soft decontamination of the primary circuit including the pipeworks, the steam generator (SG)
tubes and collectors, the pressuriser, the reactor vessel (with internals and without fuel), the main
coolant pumps and isolation valves and the hot portion of the SVO 1 of units 1 & 2 after the final
shutdown of the reactors.
The objectives of the soft decontamination are to reduce the ambient dose rates down to levels
compatible with the ALARA requirements during the SE preparatory and later on, during the
decommissioning activities.
In analyses, the regenerative Cerium process [Ce (SO4)2] was used for hard decontamination. The
objectives of the hard decontamination are to reduce, to the largest possible extent, the residual
contamination in equipment and material to values corresponding to the EU free release levels.
(There aren't Bulgarian regulations for free release levels and for the technical design EU free
release levels were used).
The current radwaste conditioning practice in KNPP involves the immobilization of the
evaporator's concentrates and the solid waste by a cement matrix in the BB cubes containers
(BBC). Each BBC consists of an internal cubic container of 5m3 capacity, enclosed in an external
cubic container of 8m3 volume and weighs 6 tons.

-360-

The number of BBCs needed was obtained on the basis of the most restrictive result from the
following criteria:
Weight (licensing and handling criteria): the maximum weight of each BBC is limited to 20
tons;
Chemical concentration: the total salts concentration is limited to 240 g/1 or 480 kg/BBC;
Contact dose rate: is limited to 1.5 mSv/h for handling and transportation purposes;
Current radionuclides incorporation limits are:
P- y emitters: 2.2 Ci (8.14E+10Bq)/BBC
a emitters: 0.22 Ci (8.14E+9Bq)/BBC, corresponding to a specific activity limit of
370 MBq/t.

SCOPE OF THE STUDY AND METHODOLOGY
The overall costs of the following options were investigated:
Option 0: Soft decontamination - APCI process. If soft decontamination will be not implemented,
the BBC a activity incorporation limits becomes the decisive criterion for future decision as to
whether decontamination should be implemented.
Option 1: On-line decontamination of the 6 loops (each loop include the pipeworks, the SG, the main
coolant pump and isolation valves) of the primary circuit plus one loop for the pressuriser, during the
preparation of SE, with a mobile decontamination unit;
Option 2: No hard decontamination - by the completion of the SE period, the components of the
primary system will be cut without decontamination. The segmented components will be put into BBC
and these latter will be disposed of in a LLW surface repository site. For all equipment except the SGs
tubes, the numbers of BBC depend on the weight criterion. For the SGs tubes the a activity limit is the
control parameter. Two sub-cases are investigated:
SGs tubes are cut into segments of 1.5m length and put into BBC without supercompaction;
With supercompaction of SGs tubes.
Option 3: Hard decontamination of batches of the cutted equipment by the completion of the SE
period. The segmented components will be decontaminated in an auxiliary unit and after rinsing will
be checked for free release. Two sub-cases are investigated:
All the segmented equipment will be decontaminated except SGs tubes. The cutted SGs tubes
will be put into BBC. It is considered that 5% (in weight) of the decontaminated equipment will
not meet the free release levels and must be put into BBC;
All the segmented equipment including SGs tubes will be decontaminated. It is considered that
5% (in weight) of the decontaminated equipment and 10% of the SGs tubes will not meet the
free release levels and must be put into BBC.
The overall costs of each option include the following items:
the investment costs, i.e. the cost for the auxiliary installations necessary for
decontamination;
the consumable costs, i.e. the cost for chemical reagents, BBC, the cementation, the
steam, electrical energy and auxiliary fluids;
the manpower costs, i.e. the cost for decontamination operations, waste conditioning
operations, BBC cementation;
the personnel radiological exposure costs; and
final disposal costs
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They are given by the following relationship:
CJ=AJ+NBBCJ(8)(X3)

Aj = total cost of first 4 items associated with option " j "
=
number of BBC containers necessary for the conditioning of the solid and
liquid waste associated to option " j "
8 = volume of one BBC (m3)
X3 = final disposal costs. There is no LLW surface repository site in Bulgaria. So X3 was
been selected (by analogy with the current practice in Western Europe countries and in
the Czech Republic) to vary within 2500 -13000 EUR/m3. In practice X3 was the
parameter that governs the overall cost of the most of the analyzed options.
NBBCJ

RESULTS
Option 0:
Co =3.86E+05 + 305xX 3

Cost-Benefit Analysis
Soft pre-decontamination cost - APCEprocess
6000000
5000000
4000000
3000000
2000000
1000000
0
2500

5000
7500
10000
disposal cost ( EUR)

12500

15000

Fig. I
The relationship Co and Fig. 1 show that decontamination and waste management costs (Ao) are very
low in comparison with the final disposal cost, even for low values of X3. After the completion of the
soft decontamination some equipment could be dismantled (partially or entirely) and reused as spare
parts for units 3 & 4.

Option 1:
In the case of KNPP units 1&2 serious concern exists about the possibility to reach the free release
levels for SG tubes, due to the plugging rates of the tubes (8%) and the fact that the plugs cannot be
removed or drilled on an economical basis. The magnitude of the tube surfaces that cannot be
decontaminated is such that even after averaging of the surface contamination of the plugged tubes
compared to the whole surface of SG tubes, the obtained average residual contamination exceeds the
free release levels by a considerable amount. That is why, it can be concluded that hard
decontamination of the primary circuit should not be performed.
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Option 2:
C2.1 =3.46E+05+1120(X 3)

Cost-Benefit Analysis
Comparison of no-hard decontamination and hard decontamination
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The relationships - C2.i,C2.2 and fig.2 show that the cost of consumable +manpower + man.Sv (A2) are
very low in comparison with the final disposal cost, even for low values of X3.
The supercompaction of SGs tubes provides a possibility to reduce the overall cost of the no-hard
decontamination option about 7%.

Option 3:
C3.1 = 20.44E+05 + 480 (X 3
C3.2 = 3 9 . 0 E + 0 5 + 3 0 4 ( X 3 )
The final disposal cost are under 50% of the overall cost - for option 3.1 for the range of disposal cost
between 2500- 5000 EUR/m3; for option 3.2 - between 2500-125000 EUR/m3. For values of disposal
cost - between 2500- 7500 EUR/m3 - the overall cost of option 3.2 (decontamination of SGs tubes)
exceed that of option 3.1. For disposal cost more than 10000 EUR/m3, option 3.2 becomes a little
cheaper than option 3.1.
The objective of the cost-benefit analysis is to assess the overall cost of the cheapest option (C3.1 or
C3.2 in function of X3), i.e. C4 in situation that the soft pre-decontamination hasn't been completed. If
the difference between the cost of option C4 and that of the cheapest option - C 31 (for disposal cost <
10000 EUR/m3) exceeds the cost of the pre-decontamination, it can be concluded that a predecontamination is economically substantiated.
The cost-benefit ratio is defined as:
C/B = C o / C 4 - C3.1 (for X 3 < 10000 EUR/m 3 )
C 4 = 43.6E+05 + 608X 3 )
Fig.3 and Fig.4 show that the benefit of the pre-decontamination option exceeds the cost and the
cost/benefit ratio is < 1 for X, <11000 EUR/m3.
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Cost-Benefit Analysis
Cost-benefit ratio resulting fron implementation of pre-decontamination
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Fig. 3

Cost-Benefit analysis
Cost-benefit ratio for implementation of pre-decontamination
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Fig. 4
CONCLUSIONS
The cost-benefit analysis shows that the most economical decontamination strategy during
decommissioning of units 1 & 2 of KNPP is:
Soft pre-decontamination of the primary circuit - APCE process, during the SE preparatory
period;
Hard decontamination of the dismantled and size recuded component of the primary circuit by
the completion of the SE period. All the segmented equipment will be decontaminated except
SGs tubes. The cutted SGs tubes will be put into BBC.
This decontamination operation will produce 700 or 800 m3 (depending on the performance or not of
the SGs tubes supercompaction) radioactive waste for final disposal.
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Abstract. There are significant differences in the operation and accessibility of decommissioning and waste
management funds in Europe. The diverging standards for these funds cause substantial market distortions and
discrimination between competing electricity producers. Although there are different views regarding the
question, if provisions for decommissioning and final waste disposal constitute prohibited state aid within the
meaning of Article 87 (1) EC Treaty, and although the decommissioning and waste management funds is not a
new issue, the liberalisation process across the EU means that this issue is one which must be addressed quickly
by EU and national policy.

EXISTING DIFFERENCES
Introduction
There are significant differences in the operation and accessibility of decommissioning and waste
management funds in Europe. The diverging standards for these funds have already been mentioned in
the Second Report by the European Commission [1] to the Council and the European Parliament on
Harmonization Requirements as an important reason for substantial market distortions (cf. also [2]).
According to Hensing et al. [3] these differences explain a significant part of the differences in power
generation costs between France and Germany. The funds differ according to:
•
•
•
•

the technical methodology of dismantling and storage of waste;
the methodology of estimating the respective costs;
the accounting method of setting up the accruals; and
the accessibility of the energy company to the funds concerned.

These differences are partly due to different roles of the State. In some countries, the State just
provides oversight on and controls the planning, funding and implementation of measures related to
decommissioning and radioactive wastes management and disposal. In other countries, the State has
taken over technical responsibilities or created State agencies or companies responsible for a part of
these activities [4].
Different technical obligations
Differences in technical methodologies of dismantling and storage of waste mainly depend on
differences in the geological situation and in the safety concepts applied. The technical standards and
obligations in a country finally reflect the degree of risks accepted and borne by present and future
generations.
Different methodologies of estimating costs
After the technical methodologies and obligations have been specified, the future costs of the
implementation of these technical concepts have to be estimated. The monetary value of the liabilities
of the energy companies has to be determined from the beginning of power plant operation. This is
subject to high uncertainties, particularly, since there are not many experiences both with
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decommissioning of bigger commercial power plants and with final waste disposal, and because of the
long time between the generation of revenues during plant operation, and the payment of liabilities
generated during operation.

Different accounting methods
After the costs have been estimated, it has to be determined, when and how funds should be set aside
during plant operation. Accruals are set up in regular instalments or according to the burn-up. There
might be different expectations on the lifetime of a nuclear power plant during which revenues can be
generated and provisions set up. And, most important, for the calculation of the amount to be set aside
each year a discount rate can be used (net present value method; discount rates vary between
companies and countries) or not (current value method). With the current value method, the provisions
are accumulated more rapidly than with the net present value method. The net present value method is
extremely sensitive to assumptions regarding the precise timing of future liabilities and to the discount
rate used (cf. [5]). The scheduled timing of future decommissioning and waste management activities
also varies from country to country. Furthermore, in countries, in which the provision of accruals
relies upon the accounting standards prevailing in the industry for reporting liabilities, the accounting
method depends on the accounting standard used (e.g. US-GAAP, IAS, German commerical code).

Different accessibilities of the energy companies to the funds
In how far the existing decommissioning and waste management funds lead to market distortions and
discrimination between power generating companies in Europe, strongly depends on the accessibility
of the energy companies to the funds during the long time from starting the provision of accruals to
their use for expenditures during dismantling of the facility, transport, reprocessing, intermediate
storage, conditioning and final disposal. Across the EU, accessibility to the funds varies significantly
[4]:
•

•
•

In some countries, funds set aside are at the sole disposal of the utility, e.g. in France and
Germany. The provisions for accruals are part of the cash flow and reduce the energy companies'
cost of financing other activities in the energy sector and in other branches [5, 6, 7, 8].
Some energy companies have separate funds, but can still access them for acquisitions, e.g. energy
companies in Finland.
In other instances, - e.g. in Spain - access by the energy company to the funds appears to be
limited or non-existent.

ECONOMIC CONSEQUENCES OF ACCESS TO THE FUNDS
The value of the decommissioning and waste management funds in Europe is huge. Exact figures are
not available. Table I shows the expected size of funds in different European countries. In addition to
the size of the funds the availability of the funds for long periods of time is important. The funds are
accumulated during the operational lifetime of the power stations but may be only used decades after
the stations closure.
Wuppertal Institute and Oko-Institut have estimated how the decommissioning and waste management
funds in Germany might develop during the next years and decades, following the change in tax
legislation in 19991. Starting from more than 30 billion Euro at the end of the year 2001, the funds will

1

It should be noticed that the development of the funds has been estimated according to the expected tax balance
sheets and not according to the expected commercial balance sheets of the nuclear power plant operators. The
provisions for decommissioning and waste management stated in tax balance sheets might differ from the
provisions stated in commercial balance sheets depending on the differences between tax law and commercial
law and depending on the accounting standard used.
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probably increase to an estimated 43 billion Euro in 2018 (in 1998 values), then decreasing until in
2064 the funds will be used up for their original purposes [5]. This expected development is shown in
Fig. 1.
Access to the funds over these decades can have a significant impact upon the economic performance
of the utilities. It is a key factor in both the attractiveness of a utility to outside investors and the
opportunity of a nuclear utility to expand. The above mentioned study by Wuppertal Institute and
Oko-Institut shows that, without the income from investing the funds in bonds, stock or other
activities, about half of the German nuclear power plants could not be operated economically in the
liberalised electricity market [5]. Furthermore, it must be noted that not all of the investments made by
the utilities using decommissioning and waste management funds are successful (e.g. some
investments of German utilities in the telecommunication and in the IT sector, and probably some
investments of EDF in Latin America). Without referring to the Enron case, it can be stated that
nobody knows or can guarantee that the funds at the sole disposal of a utility will still be there in a few
decades when the money has to be used for its original purposes.
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FIG. 1. Expected development of the sum of decommissioning and waste management funds of all
running commercial nuclear power plants in Germany (Mio. EUR, in 1998 values) [5]
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Table I. Expected size of funds in different European countries [9]2
Country

Expected Size of Fund (Billion EUR)

Belgium
Finland
France3
Germany4
Netherlands
Spain
Sweden
UK

17.5-22.5
1.6
9.6
>30
1.2
9.66
4.8
58

DO THE PROVISIONS CONSTITUTE PROHIBITED STATE AID?
In Germany, access to the huge funds is not the only advantage of the nuclear power plant operators.
Accumulating the provisions reduces the taxes due. According to Meyer [11] these tax reductions add
up to more than 800 million EUR. The European Commission investigated if the rules in force in
Germany on provisions for decommissioning and final waste disposal constituted prohibited state aid
within the meaning of Article 87 (1) EC Treaty. In December 2001, the Commission decided that the
German rules under which the nuclear power plant operators constitute such reserves do not derogate
from the common system and do not form an exception to the benefit of certain undertakings, to the
application of the generally applicable tax system. Thus, there would be no violation of Article 87(1)
EC Treaty. Four of the German municipal utilities, which forced the European Commission to
investigate this matter (Stadtwerke Schwabisch Hall, Tubingen, Uelzen und Wuppertal), have now
brought an action against this decision.

THE NEED FOR EU AND NATIONAL POLICY ACTION
However this pending case (T-92/02) will be decided by the European Court of Justice, there is a
strong need for EU and national policy action because of the existing market distortions and
discrimination between competing electricity producers in the liberalised market. Therefore, Loyola de
Palacio, Vice-President of the European Commission, has announced that the European Commission
will put up a proposal on the control of the decommissioning funds soon [12],
The rapporteur for the European Parliament of the Directive on the Liberalisation of the Electricity
Market suggests a two-step approach [9]:
Amendments to the directive on liberalisation of the electricity market: As it has been proposed by
the European Parliament [13], the Member States should be required to prohibit access to the
funds and to place the funds under the control of an independent body in order to ensure the
availability of funds for future decommissioning and waste disposal and to avoid obstacles to fair
competition in the energy market.

2

These figures have not been cross-checked by the author, except the figures for France and Germany.
The high figure of 63 billion mentioned in the briefing sheet by the office of Claude Twines [9] are probably
FF, not converted to EUR. In 1997, decommissioning funds of EDF summed up to 5.8 billion EUR [10].
4
Own calculations based on information from the annual financial statements (balance sheets) of the energy
companies.
3
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A separate directive should deal with more technical aspects on the final stages of
decommissioning and waste disposal, the discount rates applied, and minimal technical and
environmental levels for decommissioning and waste disposal.
Many European energy companies and even some company associations support new EU legislation
which ensure a level playing field. For example, the Electricity Association in the UK takes the view,
that separate, secure and independently audited funds should exist in every Member State [14].
The Wuppertal Institute has analysed some principal modes of financing future decommissioning and
waste disposal expenditures in detail [8]. In general, decommissioning and waste management funds
should meet the following criteria:
All nuclear liabilities should be recognized.
The availability of the funds for all the future decommissioning and waste management
expenditures has to be ensured. The organisations which are responsible for the liabilities must
have the capacity to pay when the actual expenditures arise.
Future generations should not have to pay for the present beneficiaries of nuclear power. General
equity generations and the "Polluter Pays Principle" call for the establishment of measures
ensuring that funds are set aside when the future liabilities are generated.
The annual provisions should reflect changes in estimated prices and costs.
The nuclear power plant operators should not receive any access to these funds. At least, the
access should be strictly limited.
An independet body should effectively control how the accruals are set up, how and for what
purpose they are reversed and how the funds are used in the meantime.
The constitutionality of the approach has to be verified.
Transaction costs should be minimized.
Transparency to the public should be ensured.
For example, in Switzerland, a decommissioning fund exists which partly matches these criteria. The
International Atomic Energy Agency [15] and the EKRA [16] have recommended to Switzerland to
set up such a fund not only for decommissioning, but for waste management, too. In setting up
separate, secure and transparent funds for decommissioning and waste management with centralized
and independent control according to harmonized European standards, the EU Member States could
follow the Swiss example or even improve it.
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DECOMMISSIONING THROUGH THE PRISM OF PUBLIC PERCEPTION
To understand in order to convince
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Department of Engineering Radioecology & Radiochemical Technology
Saint-Petersburg State Institute of Technology
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Saint-Petersburg, Russian Federation
XA0202930
Abstract. To support large-scale and long-term activities in decommissioning of nuclear facilities including
decontamination, radioactive waste management and environmental restoration, St. Petersburg Institute of
Technology (SPIT) has developed and introduced special courses into the university education programme.
Presently in Russia, like many other countries, nuclear technology is not a popular subject with the younger
generation. Also, life priorities have changed and the public media has a rather watchful attitude toward nuclear
activities. Therefore, to encourage final-year students to enter nuclear engineering, to provide close connection and
mutual understanding between the students and the teachers, to ensure an adequate level of professional
experience and to influence, to the extent possible, the degree of the public perception of nuclear technology it is
desirable to understand the needs of the young people, how much they know, what do they want, whom do they trust,
etc. To find these answers, SPIT carries out periodical opinion polls oriented towards students and school children.
The last poll was done in the autumn 2001 and included 632 persons from St.-Petersburg and Moscow. This paper
presents the principal results of the study and some conclusions important for the improvement of the process of
human resource development for decommissioning activites.

INTRODUCTION
Decommissioning of nuclear facilities is a high technology and long-term type of activity requiring highly
educated professionals. Today, scientists all over the world report dramatically declining numbers of young
researchers and engineers in nuclear field, and what is maybe even more important, the increasing gap between
generations of nuclear specialists [1,2]. The latter is fraught with the loss of mutual understanding with all that it
implies.
Thus, to solve this important problem - to develop adequate human resources for sustainable evolution of
decommissioning (and other nuclear) programmes - it is necessary to understand the youths mental state, key
aspirations, level of the basic knowledge, areas of interest, etc. This issue is being studied by the St.
Petersburg Institute of Technology through periodical questioning of students and school children. The
results of such "psychological monitoring" allow the assessment of the levels of radiation literacy and nuclear
technology perception in the nonprofessional media. It also helps to define an interest and readiness of
youth to contribute to the development of nuclear science and technology; to determine the most
common gaps in education of youth; to find appropriate methods for the knowledge transfer, and by this way, to
improve the situation in the professional field and to promote learning in public media
This paper presents principal results of the recent (autumn 2001) public poll, which included 632 students and
school children from St.Petersburg and Moscow. The data obtained are compared with the results of
similar questioning collected by SPIT in 1995 [3] as well as with results of other opinion polls. This allows
evaluations of some tendencies in evolution of nuclear technology apprehension by the "critical group" of the
population - students.

RESULTS AND DISCUSSION
The anonymous opinion poll was done in the autumn of 2001 with a questionnaire covering the
following topics: (i) the level of concerns about social problems as a whole and specifically, about the
environmental problems; (ii) the attitude to the nuclear power; (iii) the ranking of the risk factors; (iv)
radiation-hygienic knowledge and degree of trust with the various sources of information; and (v) the
potential readiness of respondents to participate in the decision-making process. It was interesting to
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determine changes in perception of the problems investigated using our data of a similar survey
performed in 1995 [3]. The audience included 300 male and 330 female subjects. In accordance with
their speciality, 4 groups of respondents was picked out:
school children

group «P»

242 persons

(39%)

students of nontechnical specialities

group «NT»

143 persons

(23%)

not

group «T»

166 persons

(23%)

students of technical specialities connected
with nuclear industry

group «N»

70 persons

(11%)

students of technical specialities
connected with nuclear industry

Ranking of the social problem and the risk factors
The problem of "environmental degradation" was ranked as the third most important social problem
(Fig.l). According to data collected by the All Russian Center of Sociological Investigation, overall,
the inhabitants in Russia place this problem in the 9th or 10th position. This fact indicates that for our
respondents, the problem of "environmental degradation" is considered more significant than for the
rest of the Russian population.
In all questions, respondents have shown a high sensitivity to environmental problems, and
surprisingly have enthusiasm for ecological concerns. Half of respondents (58% among school
children) agree to work one day per month, free-of-charge, to ensure the good ecology for future
generations.
In a rating of environmental problems of a big city radiating polution was placed in the sixth position
(normally 7th or 8th) (1. air pollution; 2. soil pollution; 3. bad quality of fresh water; 4. rubbish;
conditions of city basins and ponds; 5. conditions of city lawns and parks; 6. radiation pollution; 7.
high level of noise; and 8. homeless animals, rodents and insects). This fact indicates, that radiation is
not considered as especially a dangerous factor among environmental problems.
The data of both our surveys show that in a personal risk scale, radiation does not occupy a special
place. "Radiation pollution of air, food and water" are included into the group of ecological risks.
"The nuclear industry" began to be considered to have the same danger as "the chemical industry", i.e.
as an element of the risk group connected with the industry (Fig. 2).

Attitude to the Chernobyl accident
53% of the respondents have answered, that "Consequences of the accident do not influence their life
in any way", 36% responded that there life is "influencde slightly". In 1995, 90% of the respondents
were disturbed with the consequences of the Chernobyl accident. Last data shows that the
consequences of Chernobyl, in the audience investigated, are not considered as a direct danger.
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O mean value
DP
DN
DT
DTN

Drug
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and poor layers of population
B

Corruption
J

Danger of fascism and extremism

f/ - doesn 't disturb at all)
Fig.L Responses to the question: To what extend do the below-mentioned social problems disturb
you?
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Fig. 2. Responses on the question: To what extend are the below-mentioned factors considered
dangerous to you at present?
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Level of knowledge of radiation and radioecology
Responses to 5 test questions have shown a low level of awareness on radiation and nuclear
technology issues. It is important to note, that:
radioecological environmental problems and risks are connected, in mind of respondents,
mainly with nuclear power engineering. It is a small group who knows about other
technogenic sources of radiation;
according to the respondents, technogenic sources of radiation are consider to be a more
powerful factor than natural ones (Fig.3). Moreover, the majority of respondents think that
the main contribution to radiation dose for the "average" inhabitant of Russia is a result of
Chernobyl pollution. Combined with data of section 2.2, this fact can be considered as a
result of an aggressive public relation company in the mass media;
respondents are extremely poorly informed on the application of ionizing radiation in
various spheres of human activity;
the main tendency observed is that the share of "right" answers is consistently increased in
groups ("P"~"NT") < "T" < "N".

Attitude to nuclear power
60% of the respondents in group "T" support nuclear power (16% have an opposite mind). It has to be
noted that the future specialty of these students is not connected with nuclear power. The percentage
of supporters among school children and students, group "N", is 24%. (opponents are 31%).
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Fig. 3. Cause of radiation dose for the "average " inhabitant of Russia.
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Preference for nuclear power by the technical students of nuclear power has been shown by responses
on the question "Which kind of power engineering would you prefer have in the near future? " (Fig.4).
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Fig.4. Response (%) to the question: "Which kind of power would you prefer in the near future? "
In comparison with the 1995 questionnaire, the leading technology has passed from water power to
renewed energy sources. Probably, this is a consequence of the mass media who speak and write about
them only positively and do not analyze deficiencies and difficulties.
There is no doubt that respondents (especially technical students) are predisposed to a constructive
perception of nuclear power advantages. Statistics for 5 questions shown in Fig.5 confirmed this issue:
54% of respondents agree with the statements and only 25% did not agree.

NIMBY-syndrome
Increased loyalty of technical students to the nuclear power, in comparison with students of
nontechnical specialties and schoolchildren, has been demonstrated in the attitude to the NIMBY
problem ("Not In My Back Yard). However, one mustn't be deceived on this account. The percentage
of respondents who accept the existence of the nuclear facilities "in my back yard" isn't significant.
Results have not practically changed from 1995 till 2001:
1995 - «pro» - 11%, «contra» 69%
2001 - «pro» - 16%, «contra» 65%
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Fig. 5. Responses (%) on the statements about nuclear power
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Rating of trust to sources of the information on radiation and radioecology
The amount of trust in sources of information in 1995 and 2001 is approximately the same. For all
groups of respondents, the most trusted are scientists, experts, physicians, and university lecturers. The
least trusted are the press, government, deputies, para- & folk- physicians, and the church. The most
trustful groups of respondents are school children - group "P" (an average mark 3.25) and students of
group "NT" (3.27). Students of groups "T" and "TN" are much less trustful (accordingly, 2.93 and
2.75). The last group (TN) has the most trust in university lecturers, whereas groups "P" and "NT"
have more trust in public ecological organizations like Green Peace.

CONCLUSION
The most obvious conclusion from the present study is the absence of radiophobia in the young
generation. The general atmosphere could be characterized rather as the rationally weighed neutral
attitude of youth to nuclear science and technology. The fact that only 16% of the respondents accept a
nuclear facility "in my back yard" does not contradict the last assertion.
Important results of the opinion poll are the demonstration of the relatively low level of "radiation
literacy" of respondents and the visible dependence of a pro-nuclear attitude from the level of
knowledge/education. In the same context it could be mentioned that the young audience is not
uniform with respect to the pro-nuclear acceptance argument. It means that textbooks, methodical
manuals, visual aids as well as the manner of information presentation must be different for different
groups of students and school children.
It is also important that at the present time, the youth are increasingly sensitive with respect to
environmental problems, and therefore, the information on nuclear programmes should be carefully
verified in an ecological sense.
In general, development of human resources for decommissioning of nuclear facilities (as an important
and inseparable part of large-scale nuclear activities) requires serious efforts in (i) dissemination of
"radiation" knowledge in non-professional youth media to create an atmosphere of understanding of
reasonable arguments and to encourage final-year strudents to enter university nuclear engineering
departments, and (ii) the education of nuclear technology specialists capable to organize and
successfully manage multidisciplinary decommissioning projects.
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Abstract. The U.S. Nuclear Regulatory Commission (NRC) is considering whether to proceed with rulemaking
on the control of solid materials with very low levels of associated radioactivity. The current implementation of
clearance by NRC licensees is the context for the decision. Inputs to the decision include information gathering
efforts of the Commission in the areas of public workshops, dose assessments and inventories, the
recommendations of the National Academies' National Research Council (NAs) on regulatory alternatives, and
participation in international efforts by the International Atomic Energy Agency (IAEA).

INTRODUCTION
The U.S. Nuclear Regulatory Commission (NRC) does not have a regulation for the clearance of
materials and equipment. Release of materials and equipment from regulatory control is handled by
policy and guidance, specific license conditions, or by case-by-case analyses. These approaches are
summarized below. Currently, the NRC is gathering several kinds of information as inputs for the
Commission's decision on whether to proceed with a rulemaking on the control of solid materials.
They include information gathered from public meetings, detailed dose assessments, and a National
Academies' National Research Council (NAs) study on regulatory alternatives. Because of the
potential for international clearance levels to affect the free trade of materials and equipment, the
Commission has also supported an active U.S. role in the development of clearance levels by the
International Atomic Energy Agency (IAEA). The sections below summarize the current status of
these bases as inputs to the Commission's decision.

CURRENT CLEARANCE IMPLEMENTATION
Licensed radioactivity known to be distributed in the volume of the material
If the licensed radioactivity is known to be a part of the material itself, such as in neutron-activated
metal, then the material must go to an authorized disposal. That disposal could be in a low level waste
repository or, on a case-by-case approval, into another disposal location, on-site, a municipal landfill,
or an industrial landfill. If it is not known whether there is radioactivity in or on the material or
equipment, NRC practices depend on whether the license is for a reactor or for materials.

Nuclear reactor licenses
Reactor licensees may not release any detectable, licensed radioactivity associated with materials or
equipment. In practice, for volumetrically distributed radioactivity, this generally means, that the
lower limit of detection used for the licensee's environmental monitoring program defines the
sensitivity needed to determine if the material contains detectable, licensed radioactivity. Where
licensed radioactivity is only on surfaces, the sensitivity needed requires instruments and detection
methods capable of detecting for beta-gamma emitters 5,000 dpm/100 cm2 (0.8 Bq/ cm 2 ) and 1,000
dpm/100 cm2 (0.2 Bq/ cm2 ) of removable activity. For alpha activity the capability of the detectors
required is 100 dpm/100 cm2 (0.02 Bq/ cm2 ) and 20 dpm/100 cm2 (0.003 Bq/ cm2 ) removable
activity[l].
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Materials licenses
Materials licenses often have license conditions that allow the release of material or equipment at
levels similar to those used for detection by reactor facilities, if the radioactivity is on the surface.
Generally, these levels for beta-gamma emitters are 5,000 dpm/100 cm (0.8 Bq/ cm ) and for alpha
emitters and certain other nuclides 100, 1,000, or 5,000 dpm/100 cm2 (0.02, 0.2, or 0.8 Bq/ cm2,
respectively), depending on a listed group. These averages are taken over a one-square-meter or less
area. There are also conditions for the maximum concentration and the removable concentrations,
which are 3x and 1/5 of the average, respectively. The release of materials and equipment with
volumetrically distributed licensed radioactivity are considered on a case-by-case basis[2]. While
materials and equipment are being released daily from licensees under these practices, there is interest
in making regulatory improvements.

INFORMATION GATHERING
Public workshops
In 1999 and 2000, public workshop meetings were held in San Francisco, Chicago, Atlanta, and
Washington. The participants included representatives from academia, environmental organizations,
potentially affected industries, and professional societies. The NRC staff provided an issues paper to
all participants well before the meeting. These issues served to focus the dialogues on fundamental
questions such as those listed below:
Specification of both mass- and surface-based clearance levels would fill a regulatory vacuum.
Consistency—Current policies and practices treat reactor and materials licensees differently.
They could be treated consistently.
The levels used now are not dose or risk based. While there is adequate safety provided by the
levels, it is uneven among different radionuclides.
Generic clearance levels would provide relief for both regulators and licensees from making
case-by-case evaluations.
The comments from these meetings were recorded and categorized for the Commission's information.
Licensees and radiation protection organizations were generally supportive of a rulemaking, while
citizens' groups and metals and concrete industries were generally non-supportive.

Dose assessments
Dose assessments with probabilistic distributions have been calculated using realistic models of
today's industry. When a scenario gives the highest dose per Bq/cm2 or Bq/g, the mean of that
probabilistic dose assessment was taken as the dose to the average member of the critical group. Draft
assessments of doses to individuals in critical groups associated with the clearance of equipment for
reuse, aluminum, copper, ferrous metals, and concrete have been published in NUREG-1640[3]. This
report is being finalized to incorporate the resolution of comments from the public, the NRC staff, and
peer reviewers. Additional dose assessments applicable to ordinary trash and soils are planned as
supplements to NUREG-1640.
The NRC uses collective dose as an attribute of justification analyses (cost/benefit analyses). The
collective dose calculations underway require a characterization of the inventory of potentially cleared
materials, equipment, soil, and ordinary trash. In addition, the numbers of individuals that could be
potentially exposed are required. The design objectives of these calculations allow for truncation of
the collective dose calculations in two cases:
If uncertainties for some group are so large that their collective dose assessment cannot be used
to make the justification analyses, for example, the uncertainty of the collective dose is so large
that it includes zero man-Sv; and
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The contribution of the collective dose is so small that its inclusion would not affect the outcome
of the justification analysis.
The inventory report and collective dose reports are planned as separate publications.

National Academies' report
At the request of the Commission, NAs studied various alternatives for the control of solid materials.
They issued a pre-publication of their report on the world-wide-web in March 2002[4]. In addition to
clearance, authorized release, some costs, and involvement of potentially affected parties were
investigated.

Overarching findings
The NAs report presented two overarching findings.
The first overarching finding notes that NRC's current approach on control of solid
materials is workable and sufficiently protective of public health and safety and does not
need immediate revamping. However, the NAs report also noted that the current approach
is inconsistently applied, is not explicitly risk-based, and has no guidelines for volumecontaminated material and therefore, NRC should move ahead without delay and start a
process of evaluating alternatives to the current system.
The second overarching finding noted that broad stakeholder involvement in NRC's
decision-making process on alternatives is critical as the likelihood of acceptance of an
NRC decision greatly increases when the process engages all responsible stakeholder
viewpoints and is perceived as fair and open in discussing advantages and disadvantages of
alternatives. This finding thus noted that NRC must focus on the process and not prescribe
an outcome for disposition of solid material that must evolve from the process.

Recommendations
The recommendations generally focus on a path forward for the Commission. They are summarized
below:
1) NRC should devise a new decision framework to develop, analyze, and evaluate a broader range
of alternative approaches to the disposition of solid materials, including the current case-by-case
approach, clearance, conditional clearance, and no release.
2) The NRC's decision-making process on alternatives should be integrated with a broad-based
stakeholder participatory decision-making process and include:
a) A commitment by NRC to establish and maintain a meaningful and open dialogue with a wide
range of stakeholders;
b) An ad-hoc advisory board that would advise NRC in its consideration of approaches for
disposition of solid materials. The advisory board would suggest additional stakeholder
mechanisms that NRC could use in the decision process, including establishing a National
Environmental Protection Act (NEPA) process, alternative dispute resolution, or partnering,
arbitration, or mediation;
c) Assistance to the NRC as needed from outside experts in order to:
i) Assist it in establishing the ad hoc stakeholder advisory board and to facilitate dialogue
among NRC and stakeholders during the decision-making process, and
ii) Assess and perhaps conduct portions of the stakeholder involvement program and make
recommendations as appropriate.
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3) NRC should adopt an overarching policy statement describing the principles governing the
management and disposition of solid materials. A good starting point for developing such a policy
would be review and discussion of IAEA Safety Series No. 89[5] with a broad based stakeholder
group to provide a foundation for evaluating alternatives for control of solid material.
4) A dose-based standard should be employed as the primary standard when considering clearance or
conditional clearance. To implement such a standard, a wide range of scenarios must be
considered, a critical group selected, and secondary standards (concentration levels associated
with the dose standard) developed that can be used in practice. The pros and cons of the
establishment of a separate collective dose standard should also be considered.
5) An individual dose standard of 10 uSv/a provides a reasonable starting point for the process of
considering options for a dose-based standard. This value is reasonable because 10 ^Sv/a is:
a) A small fraction of the dose received per year from natural background sources;
b) Significantly less that the dose we receive from our own body due to radioactive potassium
and other elements and to routine medical procedures;
c) Within the range of acceptable lifetime risks of 5 x 10"4 to 10'6 used in developing healthbased standards for exposure to radiation (other than for radon) in the U.S.;
d) Able to be measured with radiation measurement technologies available at reasonable cost;
e) Widely accepted by recognized national and international organizations.
6) For any dose-based standard, the NRC should use the conceptual framework of NUREG-1640 to
assess dose implications. However, NRC must first establish confidence in the NUREG's
numerical values, expand the scope of its applicability, and overcome certain limitations.
Specifically, the following should be done:
a)
b)
c)
d)
e)

Review the parameter distributions and median values for each parameter in the report;
Develop scenarios and dose factors for conditional clearance;
Provide sufficient information to calculate collective doses;
Compute additional dose factors for human error and multiple exposure pathways;
An independent group of experts should provide peer review of these activities.

7) The NRC should continue to review and assess the ongoing international effort on control of solid
materials and develop a scientific rationale for consistency between concentration levels
associated with dose criteria that may be adopted by the U.S. and by other countries.
The NRC staff plans to include an analysis of the implications of the NAs recommendations for the
Commission's information.

International status of clearance and clearance levels
The staff of the NRC has worked closely with the IAEA for a number of years to establish clearance
levels. In a memorandum to the staff, the Commission directed that "the staff should continue to work
with EPA [U.S. Environmental Protection Agency], IAEA and the European Commission to identify
and "fine-tune" realistic potential exposure scenarios and narrow the remaining differences in dose
methodologies used to calculate potential doses to individuals and demonstrate compliance with a
regulatory limit"[6]. It seems apparent that, without internationally compatible clearance levels, trade
of cleared materials and objects could become unnecessarily complicated from a risk point of view.
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SCHEDULE
The NRC staff was tasked with preparing its recommendations to the Commission on how to proceed.
These staff recommendations were provided to the Commission in the summer of 2002. The technical
analyses of dose to the average individual in the critical groups and collective doses are ongoing. The
individual doses are expected in late 2002, and the collective doses are expected to follow several
months afterwards. The staff plans to publish the inventory report in early 2003. There is not a fixed
schedule for the Commission's decision on whether to proceed with a rulemaking.

CONCLUSIONS
The conclusions that one might draw from the current status on clearance are:
The Commission is actively supporting the development of information to help them decide
whether rulemaking on clearance and the control of solid materials is needed.
In view of the establishment of clearance criteria in other countries, it seems likely that the U.S.
will need to at least address imports of cleared goods, so some regulatory actions may be
expected.
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Exemption and clearance levels are important criteria for the release of radioactive material from
regulatory control. The quantity of very low-level activity steel arising from the dismantling of nuclear
power plants in the EU is estimated to be a total of 10,000 tones per year [1]. Many international
organizations (NEA, EU, IAEA) have worked on the determination of exemption and clearance levels.
There is a tremendous amount of literature available on exemption and clearance. Different scenarios
are used for the determination of clearance levels; on the other hand, surface contamination levels
differ from country to country and the related data are given in Table I.

Table I. Surface Contamination Limits for Beta/Gamma Emitters [2]
Contamination
Limit

Country

Additional Information

0.37 Bq/cm2

Germany

Over 100 cm2 for fixed or removable contamination and for
each single item

0.40 Bq/cm2

Finland

Removable surface contamination over 0.1 m2 for accessible
surfaces

0.40 Bq/cm2

Belgium

Mean value for removable surface contamination over 300
cm2, for beta-gamma emitters and alpha emitters with low
radiotoxicity

0.83 Bq/cm2

USA

Surface contamination above background over no more than
1 m2, with a maximum of 2.5 Bq/cm2 above background if
the contaminated area does not exceed 100 cm2

4.00 Bq/cm2

Sweden

Mean value for removable surface contamination over 100
cm2, with a maximum of 40 Bq/cm2 if the contaminated area
does not exceed 10 cm2

During the reuse of scrap metal from the dismantling of nuclear installations, the general and widely
accepted radiation safety requirements are as follows:
a) The effective dose expected to be incurred by any member of the public due to the exempted
practice or source is of the order of 10 |uSv or less in a year,
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b) Either the collective effective dose committed by one year of performance of the practice is no
more than about 1 manSv, or an assessment for the optimization of protection shows that
exemption is the optimum option [3].

Accordingly, the IAEA has identified two basic radiation protection criteria for determining when a
source or practice may be a candidate for exemption from regulatory control:
a) Individual risk must be sufficiently low as to warrant regulatory concern;
b) Radiation protection, including the cost of regulatory control, must be optimized [4].
On the other hand, the expert group of NEA [5] feels that the concept of clearance, which has also
been the source of much discussion, is no longer necessary in a modern system of radiological
protection. It was stated by the expert group that the concept of exemption becomes a sub-case of
authorization from some or all-regulatory requirements and the term "exemption" as currently used in
the system of radiological protection is "somewhat overly and needlessly complicated".
Different scenarios were chosen to enable calculation of the dose received by an individual in the
critical group from the waste steel upon leaving the nuclear installation. As an example, six categories
of scenarios were considered in the Radiation Protection 117 are as follows:
Exposure in scrap yard
Exposure in foundry
Atmospheric emission
Exposure during post refining process
Exposure related to use of products, and
Exposure related to the disposal or use of by-products [1].
The IAEA has issued publications dealing with the problems involved in applying exemption
principles to the recycling and reuse of materials from the nuclear industry.
In recent years, studies have been conducted both at national and international levels concerned with
the derivation of clearance levels. These studies have been directed towards the low activity streams of
material generally considered to be the most likely candidates for clearance from regulatory control.
These are:
Low-level solid wastes from nuclear fuel cycle, for example, the lightly contaminated
paper, plastics and clothing that arise in work with radioactive materials,
The slightly contaminated ferrous and non-ferrous metals and concrete which arise
mainly in the decommissioning and refurbishing work at nuclear facilities,
The low level wastes generated during the application of radioisotopes in, industry,
hospitals and research laboratories [6],
Many countries have already set maximum levels of individual exposure that effectively constrain the
optimization of the protection for various sources. Table II gives the values of dose constraints in
some Member States of the IAEA.
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Table II. Dose constraints and the sources to which they apply for several Member States [7]
Country
Belgium
Italy
Luxembourg
Spain
Sweden

Dose Constraint (mSv.a"1)
0.3
0.1
0.3
0.3
0.1

Source
Nuclear fuel cycle facilities
Pressurized water reactor
Nuclear fuel cycle facilities
Nuclear fuel cycle facilities
Nuclear power reactors

This paper intends to give a general overview and literature review for the exemption and clearance
concepts and also including the reuse and recycle of scrap materials in different countries.
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Abstract. The rate of decommissioning in France is accelerating, as the first generation of power reactors will be
actively decommissioned in the next few years. Experience has been gathered from past decommissioning
activities and some current pilot decommissioning operations. This experience has shown that a national system
has to be put in place to deal with decommissioning, waste elimination and site cleaning up activities in order to
allow a consistent, safe, transparent and industrially applicable management of these matters. A system founded
on successive lines of defence has been put into enforcement, which does not involve any site nor waste
liberation, as it is considered that the criteria associated are always prone to discussion and contradiction.
This system is based on the following concepts :
"nuclear waste", waste prone to have been contaminated or activated, is segregated from
"conventional waste" using a system involving successive lines of defence, and hence, building a very
high level of confidence that no "nuclear waste" will be eliminated without control in conventional
waste eliminators or recycling facilities ;
"nuclear waste" is eliminated in dedicated facilities or repositories, or in conventional facilities under
the condition of a special authorisation based on a radiological impact study and a public inquiry ;
a global safety evaluation of the nuclear site is conducted after decommissioning in order to define
possible use restrictions. In all cases, minimum restrictions will be put into enforcement in
urbanisation plans to ensure sufficient precaution when planning future uses of the ground or the
building.
This paper describes this global system in detail and shows that its inherent consistency allows it to be easily
applicable by operators while achieving a high level of safety and confidence.

INTRODUCTION
The rate of decommissioning in France is accelerating, as the first generation of power reactors will be
actively decommissioned in the next few years. Experience has been gathered from past
decommissioning activities and some current pilot decommissioning operations. The management of
waste that is being produced while decommissioning nuclear facilities involves problems linked to
radiation protection, but also to the social acceptability of the possible presence of artificial
radionuclides in consumer goods if this waste is being recycled in the conventional industry. To
respond to these preoccupations, an original system has been implemented in France.
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THE REASONS LEADING TO A SYSTEM WITHOUT LIBERATION
The reliability of measurement and its applicability in a dismantling context
Experience has shown that systems relying only on measurements to determine whether materials are
contaminated or not are susceptible to fail when applied to large quantities and kinds of objects, like
the objects encountered when decommissioning a nuclear facility. The necessity to have a
measurement system capable to treat large daily fluxes of different materials involves technological
choices that do not allow a precise measurement to be made (such as low level measurements of
surface contamination or mass contamination of each object). This type of methodology has led in the
past, in several cases in France, to situations where objects had been released from regulatory control
while presenting unacceptable surface contamination or mass contamination levels, mainly because
these objects were hidden within a bulk volume of less contaminated material that had been subjected
to a bulk radiological measurement.

Putting into question generic radiological impact studies of recycling within the
conventional industry
In some countries, general clearance levels have been defined, that allow the release of slightly
contaminated materials as conventional materials. These levels are defined according to studies taking
into account scenarios of recycling of these materials, like metals or concrete materials, and taking
criteria of exposure of the order of lOOSv/a. However, these studies are generally based on cautious
but average approaches that allow the definition of dilution ratios of these materials, as is particularly
the case for metal scrap. These dilution ratios are usually defined according to current national
industrial practice, fluxes, and technologies. Hence, this type of approach is prone to discussion:
practices and technologies are prone to change in the future; and special uses of these materials can
lead in some cases to higher level exposures of individuals. There have been some cases in France
where inproper use of low-level radioactive materials has been put into evidence and has led to social
rejection. Moreover, in some cases, industrial processes can lead to radionuclides concentration in
some materials, like slag, that can lead to disposal or recycling problems.

Social acceptance
It is not the object of this paper to try to explain the origin of social defiance with regards to
radioactivity content of consumer goods. In France, the regulator has nowadays to take note that the
French consumer will not be willing to buy any good for which it cannot be certified that it has no
added radioactivity, whatever the level of this radioactivity is. Obviously, this is not realistic, as
natural radionuclides, and artificial radionuclides from past atmospheric weapon tests can be detected
in our environment. However, there is a strong social aspiration that no added radioactivity should be
traceable to decommissioning activities. Should there be a link established between the radioactivity
content of a consumer good and nuclear activities, it always gives way to a social scandal. As an
example, steel manufacturers are hence definitely not willing to mix scrap coming from conventional
industries with scrap coming from the nuclear industry if they are not sure, with a high degree of
confidence, that this last scrap is free from any artificial radioactivity.

Improving the safety of the system
As it is usual in the safety field, a good mean to improve the overall safety of a system is to provide
several successive and independent lines of defence. Hence, a system was sought in which the line of
defence consisting of radioactive measurement would be supplemented by another line of defence. In
order for the system to work properly, this additional line of defence has to be entirely independent
from any measurement process.
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DEFINING AND SEGREGATING "NUCLEAR" AND "CONVENTIONAL" WASTE
The preceding remarks have led to the implementation of a new line of defence, called "installation
zoning".

Definitions
The objective is to achieve a segregation between "nuclear waste" (waste susceptible to be or to have
been contaminated by radionuclides or activated) and "conventional waste" (waste that is not
susceptible to be or to have been contaminated nor activated). Note that this distinction is made
without using any screening level to distinguish between "nuclear" and "conventional" waste
categories. The definition of "nuclear waste" is indeed quite wide and clearly contains a measure of
precaution.
As we have already remarked, this segregation between "nuclear" and "conventional" waste has to be
made without any measurement basis in order to provide a valid additional line of defence in the
whole system and it was called upon other arguments to make this distinction. These arguments are:
an analysis of the functions achieved by the materials within the facility, which determines if
they can ever be contaminated or activated;
an analysis of the past operating history of the facility, including incidents and accidents, in
order to determine whether this material has served another purpose or could have been
contaminated during an incident or an accident, which are situations in which the facility is
operated beyond its normal operating boundaries.
It can be seen that these arguments are strongly linked to the physical position of the object or material
in the facility, hence the discrimination between "nuclear" and "conventional" waste can be made on a
geographical basis.

Zoning the facilities
It is required that the operators perform a "zoning" of their facilities to distinguish between "nuclear
waste zones" and "conventional waste zones". This zoning shall be done only on a functional analysis
and a historical basis, taking into account normal and incidental operation of the facility.
Measurements are only accepted as punctual verification to check the zoning that is to be developed
strictly based on a functional and historical analysis.
There are of course some rules concerning separation of "nuclear waste zones" and "conventional
waste zones": these must be physical boundaries and any passage between these two types of zones
has to be equipped with appropriate contamination detection instruments for people and objects, in
order to prevent contamination dissemination within the facility and reinforce the functional analysis
that had been done. The physical boundaries between zones have to be submitted to a regular check of
their functionality.
The zoning of the facility should be the simplest possible; it should be compatible with ventilation
design, radiation protection zoning, in particular in what concerns contamination dispersion.
Transportation fluxes within the facility should also be taken into account.
Tags are to be put in place so as to enable quick identification of the type of waste zone in each part of
the facility and sufficient formation of workers has to be enforced.
It is accepted that the border between "nuclear waste zones" and "conventional waste zones" be within
the volume of concrete walls, if the operator can demonstrate that radioactive contamination or
activation cannot physically exceed a given depth. This assertion shall be based on a physical model
that has been extensively checked with experimental data and whose hypothesis are thoroughly
explicit in order to define its range of applicability. The depth of contamination or activation shall be
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adequately increased as a precaution in order to define the applicable depth of removal for the
radioactive materials.

Measurement as an independent, additional line of defence
As a second line of defence, the operator has to define and justify measurement procedures whose goal
is primarily to check that "conventional waste" is not contaminated or activated. Additionally, these
measurement procedures can be used to characterise radioactive waste.
These measurement procedures have to be adapted to the kind of radionuclides susceptible to be
present in the facility and to the kind of waste produced. The goal is to implement the best possible
measurement procedures (i.e. the lowest levels of measurement) according to the best technologies
available for the industrial fluxes and waste forms involved.
Any waste arising from a nuclear site shall be submitted to at least a bulk measurement as a
precaution.
In general, a third line of defence is implemented which are the radiation monitors placed at the
entrance of conventional waste eliminators, in accordance with general regulations for these facilities.
However, at the moment, this disposition is not mandatory.

Quality assurance requirements
Implementation of the facility zoning and of the measurement procedures must be done in accordance
with general quality assurance principles. In particular, non-conformities shall be identified and treated
with due trackability. Procedures shall be defined concerning the decision to be taken in the case of the
discovery of a problem with the facility zoning; sufficient care should be taken to rethink the zoning
according to this element, and trackability of waste elimination should be sufficient so as to identify
elimination sites of waste that should have been treated as nuclear waste.

Lines of defence balance
Defining a system in which two successive lines of defence are defined allows a certain flexibility as
to the use of these lines in order to reach a given confidence level that "conventional waste" is indeed
conventional. According to the confidence level, which can be placed on the zoning of the facility, the
amplitude of the measurement requirements can be adapted.
As an example, it is usually acceptable that waste coming from the site restaurant can be submitted
only to a bulk radiological measurement with not too low a detection level. On the other hand, for
objects or zones for which there is little confidence in the definition of past history, much stricter and
complete measurement procedures have to be implemented in order to attain the same overall
confidence level.
In a whole, the line of defence system allows more flexibility than a system based only on
measurement.
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THE NECESSITY AND THE DEFINITION OF A GLOBAL SYSTEM OF WASTE
MANAGEMENT IF NO CLEARANCE LEVELS ARE IMPLEMENTED
On the necessity to define a global national waste management scheme
When implementing "nuclear waste" and "conventional waste" segregation without clearance levels,
pathways of elimination or recycling have to be thought of in advance that take into account these
features. Due to the necessity to attain sufficient volumes in order to render waste elimination facilities
economically sound, it is necessary that they should be shared by several nuclear facility operators.
Hence it is necessary to promote a global waste management scheme on a national basis that takes into
account the waste types that have been and will be generated (giving way to a predictive national
waste inventory), the annual fluxes, the sites of production, and hence devising the necessary waste
elimination facilities in an effort to optimise available resources.

Case-by-case authorised conventional facilities for the elimination of "nuclear waste"
"Nuclear waste", i.e. waste susceptible to be contaminated or activated, can be treated or disposed of
in conventional facilities, especially for very low-level activities. It is required that, in this case, a
special authorisation is to be granted to a conventional waste elimination or treatment facility, on the
basis of an impact study by the operator of the waste elimination facility, taking into account the
possible radiological hazard, and after a public inquiry. In France at the moment, two conventional
facilities are thus authorised, one to treat slightly contaminated asbestos waste by vitrification
(disposal will be made in a dedicated nuclear waste repository), the other to recycle U3O8 steel
containers.
Recycling of "nuclear waste" is only permitted within the nuclear industry.

Dedicated facilities for the elimination of very low level "nuclear waste"
In order to eliminate the large amounts of very low level "nuclear waste" (VLLW) that cannot be
eliminated in conventional facilities, a dedicated facility has been built. This centralised facility is
designed on the basis of conventional hazardous waste repositories, as for VLLW, chemical hazard is
shown to be as much of a concern as radiological hazard. This repository should be able to dispose of
most of the volume of VLLW generated by decommissioning activities in the next decades. However,
some operators are considering creating repositories on or near nuclear sites when the large volumes
of waste generated make it uneconomical to transport the waste to the central VLLW repository.
However, from the regulator's standpoint, this VLLW repository should not preclude the development
of other recycling and elimination pathways in conventional facilities, that should be developed by
operators.

Implementation of global waste stream management to optimise waste management
The first basic way of not generating "nuclear waste" is of course to prevent waste from becoming
contaminated. This is especially important for some special objects for which treatment and disposal
poses technological problems leading to the use of specialised, dedicated facilities of which only a few
exist in France. A good example is the case of phosphorescent lighting tubes. This has led some
operators to implement special procedures involving wrapping the tubes in a plastic coating to prevent
any contamination, and thus allowing these tubes to be disposed of in conventional facilities.
In general, operators should be careful not to allow unnecessary objects to enter contaminating
premises, like for example spare part wrappings and containers.
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Economical considerations
The national system of radioactive waste management is being implemented is France, and hence,
only limited feedback is available. However, it is believed that if operators succeed in bringing
"nuclear waste" fluxes to the minimum due to optimisation, very low level waste elimination should
not be very much more expensive than conventional hazardous waste elimination, with the advantage
of no "nuclear waste" recycling within the conventional industry.
In fact, "nuclear waste" volumes can be held down thanks to careful delimitation of zones, clean
operation of plants, and optimised application of zoning procedures. Recent experience shows that
when decommissioning concrete walls, only about 10% to 15% of the concrete volume is to be
considered as "nuclear waste", whereas the rest can be considered as "conventional waste", due to the
limited diffusion of radiological contamination within concrete, even on a 50-year operation basis.
And new optimised design concepts should lead in future facilities to optimised, even lower, "nuclear
waste" volumes, due to the use of special paints and dispositions avoiding extensive in-depth
contamination.

MANAGING CONDITIONAL SITE LIBERATION
The technical and social necessity of applying minimum precautionary use restrictions
on former industrial sites
Recent experience involving the nuclear industry as well as the conventional industry has shown the
necessity to keep track of past uses of land and to at least define the minimum use restrictions when a
facility handling hazardous materials has been occupying the site. This conclusion is based on
technical considerations (how far can it be proven that a piece of land has been absolutely cleaned of
all hazardous contaminants) as well as on social considerations (cases when observation of a cluster of
some sickness is automatically linked to past uses of the land, even if the link between this sickness
and potential contamination cannot be proven).
Minimum precautionary use restrictions should include minimum measurement requirements when
digging or performing any civil works (in particular digging and earthworks), and the prohibition of
erecting buildings involving potentially more sensitive persons, like schools.
Of course, the application of these use restrictions has to be taken into account in the urbanisation
plans of the vicinity in order to optimise land use.

Dealing with local waste repositories
Some operators envisage digging local repositories on the sites of their facility for such waste as
conventional concrete, or even other more hazardous waste. These repositories have of course to be
dealt with as any other repository of the same kind, including adapted post-closure surveillance and
land use restrictions.

Other use restrictions
It is possible that some low chemical or radiological contamination remains in the ground, for which it
is shown that it would not bring any advantage to treat it from an impact point of view, while it would
be uneconomical and hazardous for rehabilitation workers. Moreover, the operator will often not leave
the site completely free of any building, and very often would like to proceed with some non nuclear
activities or activities that do not necessitate a nuclear facility licence.
It is hence necessary that the operator conduct a global safety assessment of the site before considering
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license termination, in order to take all these factors into consideration.
In these cases it is necessary to define adapted surveillance schemes and use restrictions in order to
preclude future unwanted practices on the site. The operator's responsibility has also to be explicitly
engaged concerning correct elimination of remaining structures and buildings if they may have been
contaminated or activated.

CONCLUSION: TOWARDS A SAFER, INDUSTRIALLY APPLICABLE,
CONSISTENT SYSTEM WITHOUT LIBERATION
This paper shows how and why a specific system has been put in enforcement in France in order to
ensure a safe and transparent waste elimination system for waste generated by nuclear facilities. This
paper also shows that while not implementing any clearance level, on a technical as well as on a social
basis, it is possible to implement an industrially feasible system of waste management that can be
widely accepted and hence enable extensive decommissioning programmes to be conducted by nuclear
facilities operators. The fact that the system does not rely only upon measurements allows it also to be
more suitable for the operational necessities of decommissioning. The issue of the site use restrictions
to be imposed to a decommissioned site is quite new and is not totally implemented in French
regulations yet; however, the main directions of future regulation are shown in this paper.
The need for a national waste management scheme is quite evident in order to optimise the use of the
operators's and nation's resources in building waste elimination facilities large enough to allow
economically sound investments.
It has to be stressed that the concept of successive independent lines of defence, so widely used in
nuclear safety, is shown to be successfully used in the area of radiation protection in order to achieve a
high level of confidence in the goal to be reached; such a concept could possibly be much more widely
used in the radiation protection area.
The system described here implies some difficulties; not the least is, that it is not implemented by
neighbouring countries, which often have defined clearance levels. This should lead in the future to
appropriate discussions at an international level in order to define common requirements in this field,
but experience shows that it is a difficult subject.
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Abstract. Five nuclear fuel production facilities in the Hanau area are shut down and have to be dismantled. The
activities and the licenses for these activities are carried out and issued step by step. In charge of the licensing
authorities, TUV Siiddeutschland evaluated clearance limits as far as they were not given by law and carried out
the on-site supervision. This includes independent measurements, the control of a safe clearance strategy and the
solution of the specific problems that arise by the characteristics of nuclear fuel. These problems were solved,
mainly by specific gamma spectrometric measuring and evaluation techniques, such as adapted in situ
spectrometry and a conveyor belt device. At the end of this process is a green field or a site with buildings which
can be re-used for purposes not subject to the atomic law.

INTRODUCTION
There are five nuclear fuel production facilities that were operated in the Hanau area near Frankfurt,
Germany. Due to technological reasons on the one hand and governmental decisions to phase out
nuclear energy on the other hand, it has been decided to shut down the facilities.
The green-field option was chosen by the applicants for three of these facilities, whereas the buildings
of the other two facilities are to be used for other purposes after decontamination.
Following the German Atomic Act [1] and the Radiation Protection Ordinance [2], decommissioning
and clearance of residual material, buildings and sites are subject to licensing procedures, including
public hearings. In general the licenses have been issued step by step.

METHODS
General procedure
In accordance with the licensing authority, decommissioning started by dismantling the production
lines step by step after removing the nuclear fuel from the site. At the end of this process the buildings
are empty. Only structural elements and ventilation systems remain. The dismantling of ventilation
systems will proceed after decontaminating building structures, so that radiation protection conditions
are provided as long as possible. The same strategy has to be pursued for radiation monitoring
systems. Finally, clearance measurements have to be carried out and buildings pulled down, if
projected.
As for contamination in the soil, e.g. Thorium, no clearance limits are given by the general
regulations. The determination of clearance limits must be given by the licensing authority, which puts
experts in charge of evaluating such limits according to general rules as in this case to the 10jaSv/a
concept [3].

Licensing Process
The experience in the German decommissioning projects has shown that step by step licensing is
advantageous in many aspects [4, 5] - even more so than with the construction of nuclear power
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plants. Difficult steps can be planned based on the experience from previous work. The knowledge of
the radiological state and the general data background of the site are constantly growing. This
licensing process allows changes without having to modify the license.

On-site supervision
In general all activities on-site are supervised by an independent inspection organization such as TUV
Siiddeutschland in charge of the licensing authority. On-site supervision and evaluation have to
establish compliance of activities with documents evaluated during the licensing procedure. The onsite supervision usually includes independent radiation measurements by TUV-Suddeutschland.

Clearance measurements and their strategies
In the final phase of decommissioning nuclear fuel facilities, clearance measurements are of essential
importance. Their quality makes sure that the amount of waste is reasonable and the sites and
materials released meet the requirements for a safe clearance.
Taking into account the regulations of the radiation protection ordinance [2] and the technical
standards such as DIN 25457 [6] and DIN 25462 [7], specific strategies are required due to the
characteristics of the fuel formerly processed, which are as follows:
Natural background radiation is present in all mineral material to a different extent. Screening
measurements for identifying radioactivity, which may have penetrated structure material, e. g.
direct surface measurements, will fail due to the very small ranges of Beta and Alpha emitters in
material and due to the background radiation e. g. by natural Thorium;
Uranium and Thorium isotopes and their decay products, TRU and fission products (from
reprocessed Uranium) occur, as well as different amounts of enrichment of U-235 (less than
3.5% up to high enriched material);
U-235, the Gamma emitter, which is easiest to detect, emits at 185 keV. At this Gamma energy
there is a superposition with Ra-226 of natural origin. Therefore it is difficult to reduce the effect
of the background radiation in areas where contamination is low; and
Due to low Gamma energy of 185 keV only layers of a certain thickness can be monitored for
hidden U-235 by Gamma spectrometry.
As an independent expert in charge of supervising the applicant's activities on-site TUV Suddeutschland is required to provide different measurement strategies if possible [8, 9, 10, 11]. This means that
TUV-Siiddeutschland has to analyse the applicant's measurements before defining its own methods
and measurements.
To solve the specific requirements mentioned above the following procedures have proved to be
reliable:
Investigations with respect to clearance measurement strategies have recently been carried out
by TUV-Siiddeutschland taking into account the typical conditions of the different nuclear
facilities [12]. All aspects have been covered: suitable measuring methods, sampling
frequencies, averaging areas and masses, and the influence of the variation of the radionuclides.
As the applicants preferred classical strategies of clearance measurements - surface
contamination measurements, sampling and evaluation at the laboratory - in-situ gamma
spectrometry is used more and more today. Application of in-situ gamma spectrometry for
clearance measurements has been investigated into and demonstrated by TUV-Suddeutschland
[13, 14].
Due to the amount of material for disposal [3] during remediation at one of the sites,
measurement and evaluation is done automatically using a conveyor belt device equipped with
four Germanium detectors. In this case the independent supervision by TUV-Suddeutschland is
carried out through sampling and immediate measurement in connection with online checks of
the electronically based evaluation of the applicant's measurements.
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For reducing the background effect, correlation analyses have been carried out for the different
materials in the planning phase. Then the role of natural background radiation was subject to
determining and evaluation of clearance values as well [3]. In all cases the measurements and
their evaluation take place using only one radionuclide composition which is defined before for
all materials of the plant. There are procedures in the applicant's operation manual to prove
compliance case by case. Monitoring the actual radionuclide composition is a part of the
supervision by TUV-Siiddeutschland as well.
Special attention must be paid to sewer systems and hidden contamination behind liners or
within roof layers. Experience shows that these problems can only be solved case by case. With
the license allowing a certain scope for decision, the concept of on-site supervision provides
appropriate solutions.

CONCLUSION
Issuing licenses for decommissioning and clearance of nuclear fuel production sites in several steps, as
done in the Hanau area, proved to be useful.
Put in charge for the on-site supervision of five nuclear fuel production sites by the licensing
authorities, TUV-Siiddeutschland proved that decommissioning could be safely carried out with a
reasonable amount of radioactive waste to be disposed of. The specific clearance problems arising
from the characteristics of nuclear fuel could be solved, mainly by specific gamma spectrometric
measuring and evaluation techniques, such as adapted in situ spectrometry and a conveyor belt device.
At the end of this process there is a completely cleared site, in some cases with buildings that can be
re-used for purposes not subject to the atomic law.
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