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1. INTRODUCTION

The importance of the issue and the scale of the problem of accident-derived radioactive waste
management after the Chernobyl disaster have been recognized internationally [1, 2, 3]. Ten years
after the accident this issue remains dominant in the remedial actions, and it acquires a new
significance with regard to the solution of the problem of sarcophagus. This structure was built around
the remains of the destroyed nuclear reactor Unit 4 immediately after the accident, in order to control
radioactive releases to the environment and to ensure nuclear and radiation safety during the
sarcophagus lifetime. Its main components are a vast concrete shelter encasing the crippled reactor
building and security systems, including a monitoring system, a system for injection of neutron
absorbing material into the damaged reactor and a system for dust sedimentation in the central reactor
hall. Due to these measures radionuclide emissions have been kept within permissible limits and other
monitored parameters were properly controlled. However, there is a growing concern about the
sarcophagus stability and the assurance of continued nuclear and radiation safety [4].

The sarcophagus currently suffers from the extreme conditions in which it was hastily built,
it may not last for 30 years, as was intended, and it may collapse earlier. Another cause of concern
is the interaction of fuel-containing masses with water percolating into the shelter, possibly leading
to migration and accumulation of fissile materials which, in turn, may result in reaching the state of
criticality. The consistency of nuclear fuel debris is changing with time, and the monitoring and safety
systems are deteriorating. With the increasing uncertainties of the data acquired, the confidence of
any prediction is very low. The collapse of the sarcophagus would lead to a new radioactive
contamination of the territory, groundwater and rivers. Thus, its conversion into an ecologically safe
system is a pressing problem. The Gordian knot of the problem is to maintain safe management of
a huge amount of messy radioactive waste both inside and outside the sarcophagus. The purpose of
this paper is to discuss the issue in the light of the prospects for conversion of the sarcophagus and
related activities currently being undertaken or planned in Ukraine.

2. ACCIDENT-DERIVED RADIOACTIVE WASTE MANAGEMENT

As it is now well known, the largest long term consequences of the accident at the Chernobyl
NPP are wide-spread contamination of the territory and a huge amount of radioactive waste arising
from the process of environmental restoration. The following numbers demonstrate the scale [5]:
more than 100 000 km2 of territory is contaminated with 137Cs at > 1 Ci km"2 (37 kBq m"2), 28 000
km 2 at >5 Ci km2 (185 kBq m"2) and above 10 000 km2 at > 15 Ci km"2 (555 kBq nV2 ). Thousands
of square kilometres of the territory are also contaminated with ^Sr and about a 1000 km2 with 239 +

240Pu at > 1 Ci km"2 (37 kBq m"2) and > 0.1 Ci km2 (3.7 kBq m"2), respectively. In some smaller
areas, such as the flood plain of the river Pripyat, the contamination of 90Sr, for example, reaches 100-
1000 Ci km"2 (3700 - 37 000 kBq m"2). In Ukraine alone the radioactive contamination affected more
than 2000 towns, villages and hamlets.
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Immediately after the accident, the most highly radioactive waste (fragments of the roof of the
reactor building, fuel and graphite debris, etc.) was placed back into the destroyed reactor building
(later enclosed into the sarcophagus) and into a nearby open pit excavation at the farmstead Podlesny,
which was modified for waste storage. Some of the most highly contaminated soil and rubble (a
mixture of high, intermediate and low level radioactive waste) went into the excavation of the fifth
unit of the Chernobyl NPP, located 1.5 km away, which was also reconstructed as a waste storage
facility, now known as Complexny. Each of these two facilities, Podlesny and Complexny, occupies
an area of 0.5 ha and initially contained up to 2 x 1016 Bq of total activity. The amounts of this waste
are 5 x 103 m3 and 1.5 x 104 m3, respectively.

One ongoing problem is that a significant amount of smaller but highly radioactive fragments
of the blown up reactor core that were spread around the destroyed building, might have been buried
outside the sarcophagus under the protective concrete layer on the ground [6]. There is no available
knowledge about them to date but there is an urgent need to study and to acquire this information.

Large volumes of less radioactive soil and other similarly contaminated material from the NPP
site and from other areas, both close to and more remote from the site, were disposed of in shallow
pits and trenches. In total, about 800 of them were dug at 25 locations adjacent to the NPP in order
to accommodate the urgent needs for a storage place for the waste. These pits and trenches could not
be designed in such a way as to provide a long term containment of the radionuclides and therefore
may need to be relocated to a final repository. This would be a very difficult task, since in total the
disposal pits and trenches occupy an area of several hundreds of hectares and contain a volume of
material of about 4 x 106 m3. The disposed waste is estimated to contain 1015 Bq of l37Cs and
probably an equal amount of 90Sr and about 1013 Bq of 239+240Pu. At present the waste is being
disposed of in the first organized near surface disposal facility within the 30 km zone, near the former
village of Buryakovka.

Considerable research has been carried out to study the migration of radionuclides in
geological media in the 30 km zone and around the disposal sites, some of which, for example, Oil
Tank Farm, Sandy Plateau, Yanov Station, Red Forest, were found to have contaminated or to have
a certain potential for contaminating groundwaters and the river Pripyat. However, the results of the
studies are fragmental and the general picture is still far from being complete. Therefore, this is an
important area for further studies.

Some generic problems have also been encountered in the management of radioactive waste
after the Chernobyl accident. One of them relates to the absence of international guidance on
radiological cleanup criteria, and the other to the classification and characterization of the accident-
derived waste which is extremely heterogeneous in terms of both activity and composition. These
problems cause difficulties in assessing what portion of the contaminated material should be considered
radioactive waste and, also, in properly planning and organizing the process of safe and efficient
management of waste.

3. THE CURRENT STATE OF THE SARCOPHAGUS AND THE PROSPECTS FOR ITS
CONVERSION

The sarcophagus is one of many, although it is the largest radioactive waste storage facility
resulting from the Chernobyl accident. It constitutes a potentially severe nuclear and radiation hazard.
The area encompasses seismic activities with the estimated frequency of an earthquake of magnitude
6 on the Richter Scale about once every 100 years. There is also some concern about the possible
effects of bad weather, since the sarcophagus has many slits and openings of various kinds amounting
to 1000-1400 m2. Both earthquakes and storms could cause damage to the sarcophagus and a release
of radioactive dust, and thus, recontaminate the environment. The threat of this is enhanced in view
of uncertainties as to the physical state of the sarcophagus. Some of the structures, in particular, the
upper plate of the reactor biological shield, with a weight of more than 2000t, and some of the internal
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supports for the sarcophagus are in unstable, poor or unknown condition. It is evident that should
these structures fail, the radioactive dust would be released.

This situation requires an urgent conversion of the sarcophagus into an ecologically safe
system. In view of the complexity of the task for this purpose in 1992 the Ukrainian government
organized an international competition. The competition demonstrated that in proposed projects and
technical solutions, approaches to the management of radioactive waste confined to the sarcophagus,
as a final objective, were a measure for projects adequacy and maturity. Technically, and in the view
of reaching the final objective, a phased approach to the conversion of the sarcophagus into an
ecologically safe system received a major support during the international competition and recent
feasibility studies by Alliance, a consortium comprising a group of finalists of the competition. (The
consortium consists of leading European organizations, Campenon Bernard, AEA Technology,
Bouygues, SGN, Taywood Engineering, Walter-Bau and of a number of Ukrainian and Russian
organizations and institutions).

The phased approach, as proposed by Alliance [7], includes stabilizing of the original
sarcophagus and building a new structure, followed by processing of radioactive waste, final
dismantling of all structures and disposal. A period of 10 years would be necessary to build a new
shelter which would both provide a containment for protecting the environment from uncontrolled
releases of radioactive materials and function as a dismantling complex for the safe retrieval of
radioactive waste contained in the sarcophagus during the next 20 - 25 years. It is envisaged that short
lived low level and intermediate level waste would be disposed of in near surface repositories within
the 30 km exclusion zone. The concept for isolation of high level and alpha bearing waste in Ukraine
is to dispose of this waste in deep geological formations, most probably of the Ukrainian Shield. A
great effort is required to come to this last phase, including development and implementation of special
kinds of waste segregation, minimization and other waste treatment technologies and a great deal of
international co-operation.

4. SARCOPHAGUS WASTE

The status of knowledge concerning the radioactive waste inside the sarcophagus is briefly as
follows [4]. The total activity in materials is about (4-7) x 1017 Bq. During the accident the reactor
core was completely destroyed. Spent nuclear fuel from the core was scattered inside the building in
a variety of ways and forms. Fragments of fuel assemblies thrown from the reactor are scattered in
the central hall and other rooms with a small portion remaining in the reactor pit. Other major forms
are lava which formed in the accident and cooled rapidly into a vitreous mass, and radioactive dust
particles. The lava contains about ten weight percent fuel on average, and its rate of degradation is
notably fast. Surface reactions, attributed to oxidation, water penetration and radiolysis, are occurring
several orders of magnitude faster than anticipated. Finely dispersed high active fuel and graphite dust
can be found to cover the surfaces and in the form of aerosol in all the rooms. This means that a
large amount of building materials have been contaminated inside the sarcophagus resulting in
radioactive waste of various types and activities.

The quantitative assessment of radioactive waste inside the sarcophagus is a difficult task,
since part of the radioactive materials are not accessible for direct observation and measurement.
Summary estimations of possible waste arisings are given below.

According to the estimation of the Interdisciplinary Scientific and Technical Center "Shelter"
of the National Academy of Sciences (NAS) of Ukraine the amounts of materials in the sarcophagus
conditionally classified as high (above 3700 MBq/kg), intermediate (3.7 - 3700 MBq/kg) and low
(0.74 - 3.7 MBq/kg) level waste are following. High level waste: spent nuclear fuel assemblies - 60t,
fragments of fuel assemblies- 10-36t, material in vitreous form - 192 m3, fuel dust - 7-10t, reactor
graphite - 320 m3, building materials - 6000 m3, metal constructions - 21500t. Intermediate level
waste includes 186000 m3 of contaminated building materials, 22700t of metal constructions and about
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3000 m3 of radioactive (106 - 109 Bq I1) water. The last group, low level waste, includes
66000 m3 of building materials and 2860t of metal constructions.

Estimation of waste arisings expected during the dismantling of the sarcophagus, made by
Alliance, gives the volume of short lived waste over 500,000 m3, and of long lived and high level
waste - about 40,000 m3. This is compared with over 300,000m3 of radioactive waste arisings before
and during the construction of the new shelter. About 100,000 m3 of this waste is expected to be
classified as "exempt" waste and the major part of the remaining waste would be classified as short
lived waste.

5. RADIOACTIVE WASTE MANAGEMENT STRATEGIES AND PRIORITIES

Though some important strategy points have been outlined in Section 3 above, a consistently
developed strategy for dealing with sarcophagus waste and a general national radioactive waste
management policy in Ukraine have not yet been developed. The latter is in the process of being
developed in harmony with the IAEA RADWASS fundamental principles [8] and international
radioactive waste management standards and recommendations [9, 10]. A hindrance to progress is that
the accident-derived waste management constitutes an intervention, for which there are no international
criteria. Although some recommendations for intervention are contained in the International Basic
Radiation Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation
Sources [11], which apply to the Ukrainian situation, these recommendations are of very general
nature. For their implementation, more specific requirements and guidance need to be developed,
taking into account both the benefits and the overall costs in particular national circumstances.

Thus, for Ukraine, the development of policy and strategies, which would embrace the
management of the radioactive waste arising jn different practices and interventions, is now a high
priority task. There is a great need for help in fulfilling this task and in drafting regulations and
standards. Some assistance is expected from the IAEA and EC through the Agency's technical co-
operation programme and the EC CONCERT (Concertation of European regulators) Group. There
should be a close co-ordination of the Alliance project and these activities.

Should the Alliance project be implemented, considering the projected timescales of 30-35
years and potentially 100 years, the waste management facilities and approaches to the retrieval and
processing sarcophagus waste will continue to change as the projects develops. However, the strategy
today should be based on the design incorporating technologies which are either proven by experience
or qualified by testing or analysis.

It goes without saying that before beginning any construction activities the site must be
cleaned up in order to work in safe conditions. Therefore, a high priority practical task is to collect
all data necessary for safety assessment and site cleanup activities. In particular, the appropriate data
on the contamination levels of the soil and the groundwater around the sarcophagus have to be
acquired. The waste arising from the cleanup operations will require some form of treatment and
storage facilities. But because of the large volume of waste arisings, it should be short term storage
and the ultimate disposal routes for low level and short lived waste should be determined prior to the
start of the cleanup operations. Development of a geological repository for disposal of high level and
long lived radioactive waste is also an important element of the strategy and a high priority task.

For a number of reasons (environmental, economical and socio-political) the 30 km exclusion
zone of the Chernobyl NPP is being considered as the most appropriate area for disposal of waste
arising both within and outside this zone. Data on geological, geomorphological and hydrogeological
conditions, as well as the experience in operating Buryakovka disposal facility, generally support this
approach [4]. One of the more favourable areas for further detailed studies within the 30 km zone is
located on the watershed of the rivers Uzh, Ilya, Sakhan and Pripyat. Geomorphologically it
represents a hilly moraine elevation with expected geological and hydrogeological characteristics
suitable for siting a near-surface repository for low and intermediate level short lived waste.
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The existing data on deep geological and hydrogeological conditions are scarce and generally
not favourable for siting a geological repository with the 30 km zone. There are, however, geological
formations in the areas immediately beyond the boundaries of the 30 km zone and in more distant
areas of Ukraine which are potentially suitable for developing a geological repository. The examples
are: the Lower Proterozoic syenites of the Korostenskiy intrusive system and the andesite porphyrites
of the Ovruchskaya series in the north-westem part of the Ukrainian Shield adjoining the exclusion
zone. Studies conducted at the area survey stage have shown that the eastern part of the Korostenskiy
pluton, close to the town of Polesskoe, has a good prospect for the location of a geological disposal
facility.

Investigations performed in the above mentioned part of the Korostenskiy pluton by the
Ukrainian State Committee on Geology and Utilization of Mineral Resources and by a number of
institutes of NAS have made it possible to identify areas with potentially suitable sites for a geological
repository and to plan activities for the site characterization stage. These include geophysical
investigations and drilling boreholes to a depth of 1.2-1.5km to obtain evidence on actual geological
structure, hydrogeological, geochemical, physico-mechanical, thermo-physical and other properties of
rock masses.

Despite difficult economic situation, Ukraine has allocated and continues to spend enormous
financial resources on rehabilitation of the environment and on the protection of the affected people
in accordance with the "Ukrainian National Plan to Mitigate the Effects of the Chernobyl Catastrophe".
In the last 3 years, the expenditure was within 5 - 7 percent of the annual national budget. About 70%
of the mitigation budget in the past were allocated, however, to compensation and resettlement. A
large amount of money has also been spent to meet the requirements for safe operation of the
remaining units of the Chernobyl NPP, which is an important source of the country's energy supply.
However, understanding the world public concern about continuing operation of this power plant,
Ukraine has made a political decision to shut down the NPP units by the year 2000. Taking due
account of the complexity of the situation, the necessity to ensure the safety requirements and of
interdependencies of all stages, decommissioning of the plant shall follow the Preparatory Action Plan
based on the general policy which includes stabilization of the energy supply system, management of
spent nuclear fuel and radioactive waste and solution of the sarcophagus problem.

It is necessary to realize that the Preparatory Action Plan, though relatively small compared
to international standards, involves an enormous burden on Ukrainian economy, featured by both an
energy crisis and an unbalanced commodity production system. Therefore, Ukraine is unable to fulfil
the plan on its own, but rather must obtain assistance from the world community.

To provide an adequate scientific and technical support for the implementation of the above
Action Plan, the Government of Ukraine has initiated establishing an International Scientific and
Technological Centre for Nuclear and Radiation Accidents Problems which would also be in the
interest of all mankind. The Centre would provide necessary conditions for creating an effective
system of consecutive studies and analysis of all consequences of the Chernobyl accident, including
further research on decommissioning of the NPP, conversion of the sarcophagus into an ecologically
safe system, management of radioactive waste and health consequences. This last issue was
particularly emphasized during the WHO International Conference on the Health Consequences of the
Chernobyl and other Radiological Accidents (Geneva, 20-23 November 1995): "The WHO would
want to see the volume and quality of medical assistance and scientific research increased. We shall
be doing a disservice if we shall fail to extract benefits for mankind out of this monumental human
tragedy. If history is not to repeat itself we should learn very well the lessons of Chernobyl" [12].

6. CONCLUSIONS

The best accepted environmental approach to solving the Chernobyl sarcophagus problem
comprises as major activities cleanup of the site, stabilization of the existing shelter and building a new
shelter (to protect the environment from uncontrolled radioactive releases and to be used as a plant
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for retrieval of waste from the sarcophagus), eventual dismantling of all structures and the satisfactory
disposal of radioactive waste.

All of these activities have to be carried out as an integral part of the Ukrainian National Plan
dealing with the post-accident situation and Preparatory Action Plan for plant decommissioning. In
particular, close co-ordination has to be provided with the efforts on environmental restoration and
remediation of waste sites in the vicinities of the NPP, management of radioactive waste arising from
other operating NPPs and planned early decommissioning of all units of the Chernobyl NPP. Finally,
a great deal of effort will be necessary to find suitable sites of adequate size for near surface and
geological repositories to accommodate the radioactive waste to be disposed and redisposed of in
accordance with international standards.

All things considered, the general conclusion would be that radioactive waste management is
a key issue in the conversion of the Chernobyl sarcophagus into an ecologically safe system and the
task itself is one of the greatest challenges in modern society. Ukraine alone is not up to this
challenge and the only way to cope with the task is to internationally share the burden by providing
this country with an adequate technical and financial assistance.
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