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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

Reactor Type

Rated thermal Power

Fuel

U-235 enrichment

Core Shape

Core diameter

Core height

Total number of fuel elements

Total weight of Uranium

Total weight of U-235

Total number of irradiation sites

Number of inner irradiation sites

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

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

Reactor cooling mode

Height of inlet orifice

Height of outlet orifice

Diameter of fuel meat

Outer Diameter of fuel element

Cold-clean-core excess reactivity

Travel length of Cd control rod

DESCRIPTION

Tank-in-pool

30kW

UA14 dispersed in Al base material

90.2%

Cylinder

23.1cm

23cm

344

1106.559g

998.116g

10

5

1.0xl012n/cm2-s

5.0xl0"n/cnr-s

Natural Convection

6mm

7.5mm

4.3mm

5.5 mm

3.99 mk

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.
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