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Abstract. Based on the broad inspection programme carried out for ET-RR-1, it has been clearly
demonstrated that the whole reactor system, subsystem and components need urgent renewing,
replacement, maintenance and testing; (in order to increase the plant lifetime for another 5-10 years).
Intensive studies and evaluation of different strategies for future planning to update the current reactor
systems, upgrading reactor power or decommissioning are under investigations with planning for the
future decommissioning as part of the programme.

1. Introduction

The first Egyptian research reactor ET-RR-1 is a 2 MW thermal, tank type reactor. The
reactor is of the WWR type. It was designed for isotope production as well as in and out of
core experiments. It went critical for the first time in the fall of 1961 [1].

As aging has not only affected system availability, but also reactor safety, it was felt
necessary to carry out a broad-based inspection of the whole facility, since its age is
approaching 40 years. To perform such an investigation, the fuel, being the main radiation
source, should be removed from the system (reactor and storage pool).

Considering the amount of the spent fuel assemblies accumulated in the storage pool
and those that will be produced if the operating schedule is maintained, it was obvious that the
present storage capacity should be extended. This necessitated the design and installation of a
New Storage Facility (NSF), [2]. The site was selected taking into consideration the relevant
aspects (infrastructure facilities, minimum transportation distance, safeguards issues, etc.),
Figure 1. This need emerged at that stage to solve the problem of spent fuel storage in a safe
manner with sufficient capacity to allow for future decommissioning of the ET-RR-1.

The NSF was designed and constructed for wet storage of vertically arranged fuel
assemblies in storage rack units arranged inside the storage tank. By including provisions for
encapsulation and fuel transportation in the facility, NSF ensures that the facility is prepared
for further interim or long term storage before the final disposal of spent fuel assemblies
Figure 2.

2. Project objectives
One of the main objectives of this project is the inclusion of decommissioning

requirements in the design of the new spent fuel storage facility (Section 3), as well as
planning for decommissioning of the entire reactor facility (Section 4). Relevant, future
milestones in the reactor's life cycle include:
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F/G. 2. Flowchart of the spent fuel transfer procedure.
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1. The upgrading of reactor systems for safe operation until all fresh fuel stocks have been
burned up (exhausted) taking into consideration the decommissioning plan.

2. The upgrading of the reactor power with all necessary modification and changes in the
core, new fuel type, reflector, mechanical, cooling and safety systems, etc., to extend the
operational lifetime at the higher power with future decommissioning considered in the
redesign.

3. Shutdown the reactor and implement the decommissioning plan.

Decisions depend on the interaction of complex factors such as the systems technical
condition, utilization plan, economical considerations and management and organization
system in addition to technical staff qualification, training and responsibilities.

3. Design features to facilitate decommissioning
The need to consider ultimate decommissioning of the plant facility has led to the

incorporation of the following design principles:

3.1. Fuel handling equipment and transportation facilities
A clear route must be provided through the necessary containment, shielding and

handling facilities for the removal of the fuel from the storage facility. This objective is
achieved in the design of the fuel handling operations, which allow for the recovery and
transfer of the fuel, via a Transfer Cask. The level of safety provided by those components is
more than adequate for the fuel removal operations.

3.2. Fuel recovery
The Fuel Storage Pool (or in case of encapsulation, the Storage Tubes) provides the

main containment boundary for the fuel assemblies during the storage period. The fuel is to be
stored in an environment that will ensure that the fuel condition remains adequate for
unloading, handling, transport and subsequent storage. This objective is achieved by control
and monitoring of the parameters of the fuel storage environment. This includes monitoring of
the water, or (in case of encapsulation) control of the inert gas that surrounds the fuel during
storage in the storage tube.

As a general rule, during the design stage of the NSF, decommissioning considerations
are taken into account such that, when needed, decontamination and dismantling of structures
and equipment, together with transportation of spent fuel and wastes should be facilitated. The
quantities of waste can be minimized, and occupational exposures kept as low as reasonably
achievable (ALARA). These design provisions are consistent with the safe and efficient
operation of the facility.

Design features to assist decommissioning include the following:

- Provisions specifically intended to facilitate the removal of equipment and systems
during the decommissioning stage; and

- Planning and arranging the NSF and related operations such that the contamination
of those areas and equipment which are not likely to be readily decontaminated is
minimized as far as practicable. Examples of these provisions referred to above
include minimizing penetrations through pool walls for piping systems, etc.

81



3.3. Contamination control
Any areas of contamination within the plant should be restricted and controlled in order

to prevent spread of radioactivity and to minimize the amount of waste arising. Design
provision provides clear and minimized routes for the removal of contaminated items. These
objectives are achieved by a design philosophy that limits the potential for contamination. One
of the design criteria incorporated into the NSF is the containment and control of
contamination. The containment system consists of engineered barriers, which are further
protected by a HEPA filtered ventilation system.

3.4. Results of reactor facility inspection
Widespread inspection plans have been carried out for all reactor systems. This was

accompanied by the renewal, replacement, maintenance and testing of subsystems and
components in order to increase reactor safety and reliability. The conclusions led to intensive
studies of different strategies as follows:

(1) Update reactor systems for safe operation until all fresh fuel stocks being burned up
(exhausted) taking into consideration the decommissioning plan.

(2) Upgrade reactor power with all necessary modifications and changes in the core, new
fuel type, reflector, mechanical, cooling and safety systems, etc., to extend the
operational lifetime at higher power taking decommissioning into account during the
redesign

(3) Shutdown the reactor and prepare the decommissioning plan.

The decision depends on the interaction of complex factors such as the technical
condition of the various systems, utilization plan, economical considerations and management
and organization system in addition to technical staff qualification, training and
responsibilities. Defining the objective of the plan and ensuring flexibility and dynamic action
towards fulfilling its success will enable the objective to be met [3].

5.5. Decommissioning plan

Decommissioning requirements should be kept in mind during the whole operational
life of the plant. This means that up to date documentation should be kept and modifications
should be recorded to facilitate the planning of decommissioning. The decommissioning of
the reactor facility has been divided into four main practical stages. These are:
(1) Planning and licensing
(2) Defuelling
(3) Decontamination
(4) Demolition

The four stages of decommissioning are described below.

A report list of research reactor decommissioning projects can be found in Appendix I
of Reference [4], The document also contains data about the projects, some of which might be
applicable in the design of the decommissioning of the Spent Fuel Storage Facility.

3.6. Planning and licensing

The detailed decommissioning plan will be submitted to the Egyptian regulatory
authority. The operating organization prepares the decommissioning plan to ensure safety
during decommissioning and thereafter. It should be submitted for review and approval by the
regulatory body before decommissioning activities are begun, [5]. This plan should be
updated during facility operation if any operational states or problems are identified that
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impact on it. It should include an evaluation of one or more appropriate decommissioning
alternative plans for the facility. The operating organization may contract decommissioning
tasks to other organizations, but not its responsibilities. The regulatory body should be
notified of and agree to the delegation of these tasks. The operating organization has to ensure
that any contractor performing these tasks complies with the requirements of the approved
decommissioning plan.

The responsibility of the operating organization shall be terminated only with the
approval of the regulatory body. Normally this responsibility lasts until the regulatory body
gives approval to release the site for unrestricted use or to transfer the responsibility to another
organization. It is possible that, another organization may take over from the former operator,
for the specific task of planning and implementing the decommissioning. In this case, the
decommissioning organization assumes the operator's responsibilities.

If the Spent Fuel Storage Facility remains operational after decommissioning of the
reactor facility, it should be assured that the common services are maintained. Spent fuel
storage facilities should be considered to be operational until all the spent fuel has been
removed. After the stored spent fuel has been removed, the facility can be further
decommissioned by removal of residual radioactive contamination and facility dismantling, as
provided for in the approved final decommissioning plan.

There are various options as alternative approaches to decommissioning such as:

- Protective storage in an intact condition after all fuel is removed from the reactor
and stored in the NSF,

- Entombment of radioactive structures and large components after removal of
readily removable components and wastes,

- Removal of all radioactive materials and thorough decontamination.

3.7. Defuelling
The majority of the radioactive inventory in the Spent Fuel Storage Facility is bound up

in the stored fuel. When the arrangements have been made to transport the fuel assemblies
away from the storage facility, each individual fuel assembly is removed from the storage
(using the existing fuel handling equipment).

Any appropriately licensed cask can be utilized for fuel assembly off-site transfer to the
final repository.

3.8. Decontamination
After fuel handling and transportation of other radioactive components, the structure and

equipment should be surveyed, clearly predicting contaminated areas. Decontamination
technical procedures with proper equipment should be prepared, controlled and supervised by
specialists during the decommissioning process of the facility and that the contaminated areas
should be restricted and minimized. The fuel handling tools are readily accessible for
decontamination control, both during service and decommissioning phases.

3.9. Demolition
The potential to employ conventional demolition techniques must be maximized for

both the non-contaminated and contaminated mechanical/electrical plant, as well as the civil
structure.
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This objective is achieved by the conventional nature of the plant, the building design,
and its construction. There are no special or hazardous materials used which required the use
of expensive or exotic dismantling techniques.

4. Radiation protection and safety control
4.1. Radionuclide inventory

Following approval of the decommissioning plan the radioactive characterization of the
storage and the licensed site can take place. The site characterization survey should assess the
radioactive inventory of the storage, as a pre-requisite to defuelling. After the defuelling and
decontamination stages a final radioactive release survey should take place. The results of the
final release survey should be submitted to the regulatory authority as part of the application
for release of the nuclear site license. The demolition of the remaining uncontaminated
structures can then be completed.

A radiological program is necessary during decommissioning. For each task,
radiological protection measurers should be planned and implemented. Normally the first step
is to estimate the radionuclide inventory then to plan the decommissioning activities to ensure
that exposures comply with the ALARA principles.

The next step is to execute the program, with close monitoring of the radiation fields
and exposures. The final step is to make a survey on the completion of decommissioning in
order to demonstrate that the required radiological condition of the spent fuel storage pool has
been achieved.

A major factor to be taken into account when deciding the method and extent of
decommissioning is the estimated quantity of radionuclides present and the nature of their
principal physical and chemical forms. The half-lives of the radionuclides that are present in
significant amounts are important in determining the length of time for which various
decommissioning activities might be deferred.

Apart from the spent fuel, the radionuclides inventory can be divided into two
categories:

(1) Activation of the structural materials, and
(2) Surface contamination.

The contamination may consist of activated corrosion products, and / or fission
products. Normally the radionuclide of most concern, which may cause high radiation fields
for several years after shutdown, is 60Co, primarily as a result of the activation of stainless
steel parts (bolts, nuts, etc.). Knowing the composition of the elements of the storage pool, the
inventory can be estimated reasonably by calculation. For confirmation, statistically
significant samples and measurements should be taken. Surface contamination may be
evaluated by direct measurements and using swabbing techniques.

4.2. Hazard and risk assessments

The decommissioning plan should take into consideration the possible hazards and
associated risks involved, and include all steps that lead to eventual complete
decommissioning to the point that safety can be ensured with minimum surveillance. These
stages may include storage and surveillance, restricted site use and unrestricted site use.
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The preparation of a hazard assessment should take into account the radiological dose
estimates and the impact of conventional hazards.

Conventional hazards must also be assessed to estimate the impact on safety. These
include the release of toxic or corrosive materials, industrial hazards, man-made events and
intrusion. Some events can result in an increased radiological hazard. The most likely hazards
and initiating events include airborne activity as a result of the failure of engineering features
(e.g. loss of ventilation / filtration).

4.3. Safety management and monitoring
Application of a well defined decommissioning strategy and plan, with careful attention

given to the ALARA principles, will result in the reduction of radiation sources, dose rates
and worker time in radioactive zones. For instance, the sequence in which decommissioning
activities are conducted may have a significant impact on the doses received by workers
during the decommissioning and waste handling operations.

Minimization of the radiation exposure to personnel requires a system of radiological
control procedures. The system includes the establishment of controlled access working
zones; issuance of radiation work permits; use of protective clothing and respiratory
protection; control of storage and prompt removal of all dismantled components and parts;
and surveillance and monitoring of health physics. Remote tools and shielding techniques may
also be used to reduce radiation exposure to personnel.

Monitoring includes continuous measurement of the radiation levels in the work areas;
recording and assessment of exposure to personnel during and after the work; surveys of
surface contamination and monitoring of the air contamination levels. Additional monitoring
may be required during certain operations (i.e. during the removal of concrete). Techniques to
monitor personnel may include hand and whole body monitors; alarming dosimeters; whole
body counting; bioassay and film dosimetry.

Procedures for exposure control to ensure that the individual doses resulting from
decommissioning activities remain within the authorized limits should be implemented. All
the workers participating in decommissioning activities (including managers, supervisors,
Quality Assurance personnel, etc.) should be trained in radiation protection before beginning
the operations. Personnel monitoring should control the individual dose.

Discharge of radionuclides via airborne and liquid pathways should be controlled,
monitored and recorded to demonstrate that they are within the authorized limits. The off-site
monitoring programs that existed during operation could be valid, if necessary with minor
changes, to the conditions existing during decommissioning.

Training is a very important tool in achieving lower radiation exposures. Training of
workers should cover radiological and conventional hazard and should be completed well
before work commences. Supervisors and other key workers should be experienced in
radiation protection and be familiar with the spent fuel storage facility.

During the planning and execution of the decommissioning work experts should be
available for consultation and to assist in training.
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4.4. Personnel dose uptake
The potential for access during dismantling operation must be maximized, with the

recognition of the need to limit the exposure to personnel to the lowest reasonable level
(ALARA). This objective is achieved by the virtue that, once the fuel has been removed from
the storage facility, there are no significant radiation hazards left in the facility. By the careful
use of contamination control techniques, the dose to operators during the decommissioning
and dismantling stages will be veiy low. Occupational doses can be estimated from
radionuclide inventory, contamination level and radiation field data. Estimates should be
prepared for each of the work packages, taking into account the distance from the radiation
source and the time required completing the activity.

Non-occupational doses must also be assessed and should be based on source terms and
exposure pathways. Experience with the decommissioning projects so far indicates that doses
to the general public are very small.

In order to decommission the contaminated items, a temporary containment area should
be established. This area could be formed by local tenting techniques: the contained volume
would be exhausted by mobile ventilation/HEPA filtration equipment. The necessary
conventional tools, decontamination equipment and health physics monitoring
instrumentation can be located within the containment area.

The use of standard decontamination procedures (such as vacuum cleaning, washing or
swabbing techniques) can be used to achieve acceptable contamination levels. The final
means of packaging and disposal would be influenced by what could be economically
achieved by decontamination, taking account of operator dose uptake.

A health physics program, in conjunction with contamination control techniques,
ensures that the dose to operators during decommissioning activities will be minimized.
Following health physics clearance, all waste materials will be segregated and routed out of
the spent fuel storage facility. The common route for all waste ensures that appropriate
controls and associated quality assurance procedures can be correctly applied.

4.5. Estimated quantity of active waste produced during decommissioning activities
The major source of active waste arising during decommissioning activities will be due

to the dispatched fuel assemblies. This activity will take place both within the storage pool
and in the fuel storage during the storage period and during eventual fuel removal from the
storage facility.

Other potential sources of contamination include liquid waste arising from the pool
cleaning system, equipment (cask) decontamination prior to fuel transfer, dismantling of the
active ventilation system and services ducts and piping; following the defuelling process. The
quantity of active waste associated with these operations is expected to be extremely low, in
comparison to the potential fuel activity levels.

The dominant isotope within the fuel after, for example, 20 years storage will be 90Sr
and I37Cs. The total activity of these isotopes is estimated to be approximately 3.6 x 1012 Bq
per assembly.
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The decommissioning of a Spent Fuel Storage Facility (approximately 175 stored fuel
assemblies) results in the removal of a total activity as a result of decommissioning activities
of about 6.3 x 1014Bq.

The drying system internals will be checked for any remaining activity following the
initial decontamination. The equipment will then be disposed of by methods appropriate to the
activity level detected.

One option to consider is dry storage for the longer term, because of its inherent passive
nature and low operating costs. Dry spent fuel may also be more amenable to conditioning for
disposal. This may be achieved at a later stage, by applying the dry storage technology that
can be used for the second reactor on the Inshas site. In any case, before dry storage of the
fuel, generally about 10-15 years of prior cooling due to temperature / strain limits are
necessary.

4.6. Estimated operator dose uptake during decontamination activities
Decommissioning of the Facility will result in personnel dose uptake from two

operations, namely fuel assembly unloading and plant decontamination.

The fuel unloading operation includes all the operations associated with normal fuel
loading, but with the omission of fuel drying. It can be assumed that the fuel assembly
unloading operations will take place after 20 years of fuel storage.

During facility decontamination activities the major source of dose uptake to the
operators will be due to active fuel crud, which has become distributed throughout the
confinement system of the Spent Fuel Storage Facility during the handling of fuel assemblies.
Other potential sources of contamination will include water from the overflow of the pool,
decontamination, dismantling of the active ventilation system and dismantling of the service
piping.

Most decontamination activities will take place after defuelling. The policy of limiting
personnel exposure to levels, as stated by ALARA, is achieved through recognition that the
most significant dose hazard to operators is the fuel itself. By use of careful contamination
control techniques, such as the provision of temporary shielding where necessary and
limitations to operator proximity to contaminated areas, the dose uptake to personnel due to
decontamination activities will be kept low, in comparison with the dose uptake during
defuelling.

4.7. Records of information important to decommissioning
Records of operating information important to the safe and effective decommissioning

of the facility should be maintained. These records should include the following:

(a) Records of contamination occurrences that might affect decommissioning,
including the nature and extent of the contamination in and around the facility,
when: residual contamination remains after any clean up procedures; or there is a
likelihood that contaminants may have spread to inaccessible areas.

(b) As-built drawings of:
(i) Equipment and structures in restricted areas where radioactive materials are

stored,
(ii) Locations of inaccessible contamination, such as buried pipes, which may be

subject to contamination.
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4.8. International work in the subject area
Although over a hundred nuclear installations have been, or are being decommissioned

so far, generally there are no accepted and recommended procedures to deal in a fully
optimised manner with nuclear reactors or spent fuel storage facilities at the end of their
service life. Technical experts agree that sufficient experience has been gained to demonstrate
that such dismantling can be carried out, without unacceptable impact on man or environment.
Even though progress has been made in the development of the technology and methodology
of decommissioning, further work is required to improve equipment and techniques, reduce
costs and exposures, or in one word to achieve an industrial scale for the whole process.

Information from decommissioning projects on power reactors and other nuclear
facilities can also be adapted. However, it is recommended that a thorough review of the
available technologies and processes be made before the commencement of the preparations
for decommissioning.

Various IAEA and other international publications deal with the subject of classification
of the decommissioning stages. For the sake of common understanding it is agreed to speak
about three stages defined in [6].

These definitions should be interpreted as being specific to individual research reactors,
but may be applicable to a wet storage facility as well.

(a) Stage A (storage with surveillance): the first contamination barrier (the pool itself) is
maintained as it was during operation, but the mechanical openings are sealed
permanently. Surveillance, monitoring and inspections are carried out to ensure that the
facility remains in good condition.

(b) Stage B (restricted site release): the first contamination barrier is reduced to a minimum
size by removing the easily dismantled parts. Sealing of the barrier is enforced by
physical means and the biological shield is extended, if necessary, to surround the
barrier completely. After decontamination, the building of the fuel storage may be
modified or removed if it is no longer required for radiological safety. Access to the
building may be permitted.

(c) Stage C (unrestricted site use): all materials, equipment and parts of the Storage Facility
still containing significant levels of radioactivity are removed. The site used by the
Storage Facility is released for unrestricted use. No further inspection or monitoring is
required.
It is necessary to mention that the above listing is a tentative list, the decommissioning
does not necessarily require the adoption of all stages in a stepwise or continuous
process. It may be possible to permit unrestricted use of the site while other parts of the
complex area are still subjected to restriction. Equally, there are possible variations
within any individual stage. As a general rule, it may be stated that if a facility is used or
reused for the fuel assemblies: only trace activity is expected in the storage positions
after fuel removal. Any loose contamination after unloading can be removed by
underwater vacuum cleaning techniques. The pool walls and the storage tubes are
designed to be corrosion resistant to the external environment and to maintain their
containment boundary for the life of the storage.

The fuel handling tools are readily accessible for decontamination control, both during
service and decommissioning phases.



5. Conclusion
Inspection of ET-RR-1 clearly demonstrated that:

- the reactor tank, core components and other mechanical equipment are in good
shape and can be utilized for at least 10 years;

- the available fresh fuel (EK-10) is enough for more than 10 years of operation,
following the operation scheduled in last decade; and

- reactor instrumentation for safety, control and process system should be updated
and renewed for reliable and safe operation.

Lessons learned from these investigations are the following:

It is possible to extend the lifetime of the reactor and even increase the power level.
However, while doing this one must take into account the requirements of future
decommissioning of the plant. The changes must consider decommissioning planning and any
necessary equipment needed to achieve future decommissioning.
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