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NOTE

The International Atomic Energy Agency, in co-operation with the European
Commission, the OECD/Nuclear Energy Agency and the World Health Organisation (WHO),
is organizing an International Conference on the Safety of Radioactive Waste Management, to
be held at Cordoba, Spain, from 13 to 17 March 2000. The Government of Spain is hosting
this Conference and is facilitating its organization through a group of Spanish institutions led
by the Nuclear Safety Council (CSN).

This book contains concise contributed papers submitted on issues falling within the
thematic scope of the Conference which were accepted by the Conference Programme
Committee for consideration at the Conference. The material compiled in this book has not
been edited by the editorial staff of the IAEA. However, certain modifications were made: a
unified format was adopted for all papers, abstracts were added when missing, and corrections
were made in the text where required. It is intended that, after the Conference, the contents of
this book will be published in form of a CD ROM as part of the proceedings of the
Conference. Authors wishing to make slight modifications or corrections to their paper are
encouraged to contact the Conference Secretariat.

The views expressed in the papers are the responsibility of the named authors. These
views are not necessarily those of the Governments of Member States. Neither the IAEA, the
sponsoring organizations nor Member States assume any responsibility for consequences
which may arise from the use of information contained in this book.
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OUTLINE OF THE RADIOACTIVE WASTE MANAGEMENT STRATEGY AT THE
NATIONAL RADIOACTIVE WASTE DISPOSAL FACILITY «EKORES»

L. F. ROZDYALOVSKAYA, A. A. TUKHTO
Committee for Supervision of Industrial and Nuclear Safety

V. B. IVANOV
Radioactive Waste Disposal Facility "Ekores"
The Republic of Belarus

Abstract

The national Belarus radioactive waste disposal facility "Ekores" was started in 1964 and was
designed for radioactive waste coming from nuclear applications in industry, medicine and research. It
is located in the neighbourhood of Minsk (2 Mil. people) and it is the only one in this country. In 1997
the Government initiated the project for the facility reconstruction. The main reconstruction goal is to
upgrade radiological safely of the site by creating adequate safety conditions for managing
radioactive waste at the Ekores disposal facility. This covers modernising technologies for new
coming wastes and also that the wastes currently disposed in the pits are retrieved, sorted and treated
in the same way as new coming wastes.

The reconstruction project developed by Belarus specialists was reviewed by the IAEA experts.
The main provisions of the revised project strategy are given in this paper. The paper's intention is to
outline the technical measures which may be taken at standard «old type Soviet Radon» disposal
facility so as to ensure the radiological safety of the site.

1. EXISTING «EKORES» RADIOACTIVE WASTE DISPOSAL FACILITY

This facility is a typical old-type Soviet RADON facility. The first generation
radioactive waste disposal repository was commissioned in 1964 and comprised 2 concrete
lined trenches, up to 4 meters deep. A variety of solid radioactive waste has been buried in
these trenches without any previous sorting or treatment. At the current rate the total activity of
the waste disposed in the trenches amounts to 17, 6 TBq.

In 1977 the trenches were closed up and the second generation radioactive waste
disposal facility was put into operation. This comprised laundry, garage for transport vehicles,
2 below surface, reinforced concrete vaults for solid radioactive waste (SRW) and 4 "S-shaped
wells» for spent source storage. According to the design the total activity of wastes to be
disposed in the vaults is 7,4 TBq/a, with a specific activity of 3,7 MBq/kg.

Each vault was covered by a lightly constructed building to provide environmental
protection and acceptable working conditions to operate the facility throughout the year.

No waste processing has been taking place at the Ekores. In 1989, internal reactor
components and irradiated fuel from the nearby research reactor were buried in the storage
vault. This comprises around 2kg of' U in 10 purpose-built stainless steel containers.



The total activity of the waste disposed of at the Ekores facility vaults is 352,8 TBq,
counting 01.01.1999.

There are around 150,000 spent sources in the wells for spent source storage with a total
activity of approximately 1327 TBq. The principal radionuclides are 60Co and 137Cs.

It is evident that in it's present condition Ekores does not meet radiation safety standards
and could be considered as a source of potential hazard for public and the environment. At the
same time there are only around 4 to 5 years capacity remaining at the facility at the current
rate of solid waste arisings. In trying to take the necessary steps to improve the situation the
Ekores reconstruction project has been developed.

2. FUTURE RADIOACTIVE WASTE DISPOSAL FACILITY «EKORES»

The reconstruction conception is that all the wastes at the Ekores facility are identified,
packaged and labelled to be sure that the waste storage conditions meet safety requirements.
This also gives more flexible possibility to relocate the waste to a new disposal repository
after it is constructed (the plan is over 20 years).

The first task of Ekores reconstruction is to implement the advanced technology for
waste managing. This is being realised within the framework of IAEA Technical Co-operation
Projects BYE/004/02 and RER/ 056 over the period 1997 - 2000.The first reconstruction stage
covers also expanding the capacity of Ekores site.

The radioactive waste management strategy which follows from this project is shown as
a scheme in the Figure 1.Three new buildings are planed to be constructed: waste sorting,
treatment and packaging building A, new spent source storage building B, new drum storage
building C. A site drainage system, decontamination centre, new laundry, laboratory and
administrative block are included into the project to be realised in 2000-2002.

The proposed waste management strategy is applied to waste arisings over the next 20
years. It splits the wastes into three categories: liquid radioactive waste, solid radioactive
waste, and spent sources.

2.1. Liquid radioactive waste

There are no current stocks of liquid radioactive wastes (LRW) at "Ekores". Small
amounts of very low level LRW which are produced from the present laundry and
decontamination centre are sampled and discharged under current authorisation.

Future LRW is expected to arise from five separate sources. These are:

• from waste producers outside the "Ekores" site ;
• from the new laundry to be constructed at the "Ekores" site ;
• from the new decontamination centre to be constructed at the "Ekores" site ;
• from the new drainage facilities to be constructed at the "Ekores" site ;
• from waste retrieval and sorting operations at the "Ekores" site.



The left-hand side of the Figure 1 shows the proposed route for LRW from external
waste producers. Wastes will be transferred to new Building A, sampled, conditioned to pH7
(if required) then treated with a biological agent prior in order to remove surface-active agents
(soaps). These wastes will then be physically mixed with cement and allowed to set in a 200
litre drum. The 200 litre drum containing cemented LRW will then be moved to new Building
C for storage.

LRW produced by the new laundry will be consigned to a holding tank where the LRW
will be sampled. Depending on the sample results, the LRW will then be either discharged
under authorisation as very low level LRW, or will be consigned to new building A to be
treated as described above. It is assumed that LRW from the other sources will be treated in
the same way as the above mentioned two.

2.2. Solid radioactive waste

Future SRW requiring treatment and storage at the site will arise from two sources: new
coming wastes and SRW which will arise from waste retrieval operations. It is proposed to
sort all SRW into two separate streams : compactible SRW and non-compactible SRW.

Compactible wastes will be placed into mild steel 200 litre drums, and each drum
compacted, capped with grout and consigned for storage in the new building C.

Non-compactible wastes will be placed into a 200 litre drum during sorting then directly
grouted in place and consigned for storage.

SRW stored in the current pits are to be retrieved and sorted as it is adopted for new
coming SRW.

As for fissile material which is known to be present in the pits, it is proposed that
retrieval operations remove the intact containers and transport them to an approved fissile
material storage facility. It is expected to obtain the services of international (IAEA) experts to
make safety assessment and to develop a detailed plan for appropriate management of this
kind waste. The packages of treated SRW will be temporarily placed in approved storage until
the pit is empty. The surface of the pit should then be decontaminated, monitored and then
subjected to a structural survey. If the pit is assessed to be suitable for continued use, then it
should be modified to the same standard as new Building C. On completion of modifications,
the pit should be used for storage of the drums of cemented SRW. It is considered that once
SRW is recovered from the more modern pits, there will then be a requirement to undertake a
similar exercise with the pits, closed in 1977, as this will have been shown to be the best
practice.

2.3. Spent sources

There are now no plans to remove the spent sources currently stored at the S-shaped
wells at the «Ekores» facility. New coming spent sources are to be placed into three separate
categories, each of which has a different strategy.



Sources with half-lives less than 2 years are placed to temporarily storage in new
Building B until enough of them have been gathered to fill a source container. This container
is to be made from stainless steel and will be stored within shielding. Once filled, it will be
transported to the new Building A, where it will be cemented within a 200 litre drum. The
drum will then be moved to Building C where the sources will be stored for at least 20 years
(ten half lives of longest-lived nuclides). There should effectively be zero activity remaining
after this period.

Sources with half-lives greater than 2 years but less than approximately 30 years
include mainly Co-60, Cs-137 and Sr-90/Y-90. The strategy is to separate these sources into
different types, then store them within a retrievable source store of a similar design to the
existing "well-type" source stores currently in use. An outline design for such a retrievable
store exists and the development work is planed to be conducted in order to prove the design.

Sources with very long half-lives, much greater than 30 years consist mainly of "smoke
detector" type sources, containing Pu-239, Am-241, both can be handled without beta/gamma
shielding. Current sources of this type are temporarily stored at the "Ekores" site above
ground, awaiting the construction of new facilities.

It is proposed to construct store facilities within the new Building B, in order to store these
sources.



XA0054198

IAEA-CN-78/2

SAFETY ASSESSMENT OF NEAR-SURFACE REPOSITORIES FOR RADIOACTIVE
WASTE OF THE CHERNOBYL ORIGIN ON THE TERRITORY OF BELARUS

S. STAROBINETS, A. GVOZDEV, N. GOLIKOVA, V. SKURAT, G. SEREBRYANYI,
N. SHIRYAEVA
Institute of Radioecological Problems, National Academy of Sciences of Belarus

Abstract

In carrying out the works on decontamination of the populated areas, contaminated with
radionuclides as a result of the accident at the Chernobyl NPP, 92 repositories for the products
of decontamination have been arranged on the territory of Belarus in 1986-1987. There are no
protective engineered barriers, waterproofing shields for the majority of repositories and the
ingress of radionuclides into the ground water is possible. It makes them potentially dangerous
for environment. The results of studies on determination of the effect of radioactive waste
repositories on environment are given in the article. The forms of existence of 137Cs and 90Sr in
waste have been studied, the data on distribution of radionuclides in natural barriers under
repositories have been obtained and the radioecological monitoring of the ground water in the
zones of location of waste repositories have been carried out too. The results of investigations
obtained have been used for assessment of a potential danger of repositories.

1. INTRODUCTION

As a result of the accident at the Chernobyl NPP, the main fraction of the released
radioactive isotopes has deposited on the territory of Belarus. Nearly 23% of the territory of the
Republic are in zone of the contamination, including 3668 populated areas with the popular
more than 2 millions. The resulting radiation-ecological situation has needed large-scale work
on decontamination. Decontamination has been mainly accompanied by removal of surface
layer of the soil, demolishing the ramshackle buildings, etc. Ravines, sand-pits, foundation pits,
trenches, have been used for disposal. Only in single cases the disposal of radioactive products
of decontamination has been carried out hi specially built repositories. The waste storage sites
have been arranged in the flood-lands of the Pripyat and Sozh rivers and their tributaries. Some
of the waste storage sites are near swamps, in the area with high level of the ground water.
Some of the repositories are periodically flooded, there are no protective engineered barriers for
the majority of them. All this makes them potentially dangerous for environment due to
possible ingress of radionuclides into the ground water. Owing to this, the effect of the
radioactive waste repositories on environment has been studied. Total activity of the waste,
generated as result of decontamination, in the disposal sites has been determined. The forms of
existence of 137Cs and 90Sr radionuclides, the distribution of radionuclides in natural barriers
under repositories have been studied. The radioecological monitoring of the ground water in
the areas of location of repositories has been carried out. The results of investigations obtained
have been used for assessment of a potential danger of repositories.



2. RADIOACTIVE WASTE STORAGE SITES

In 1986-1987, 92 repositories have been altogether arranged for 4xlO5 m3 of waste [1].
In 1992-1999 the repositories have been examined and registered. The vital fraction of long-
lived radionuclides in the nearest zone (the Pripyat trace) has been deposited as fuel particles
with the density of contamination 230-1470 kBq/m2 and 15-30 kBq/m2 for 1 3 7Cs and 90Sr,
respectively. The average specific activity of the products of decontamination in the storage
sites of this zone account for 3.4-7.5 kBq/kg for 137Cs and 290-900 Bq/kg for 90Sr. The
depositions of the distant zone (the Sozh trace), which are the highly enriched volatile
compounds of radionuclides, are characterised by density of contamination for 1 3 7Cs 500-2700
kBq/m2 and for 9^Sr 5-25 kBq/m2. Average specific activity of radioactive products of
decontamination is 1.6-14 kBq/kg and 40-200 Bq/kg for 1 3 7Cs and 90Sr, respectively. Total
activity of the products of decontamination are 2.4xlO12 Bq for 137<3S ^ d 2.5xlOn Bq for
9°Sr. In 1992-1993 the distribution of radionuclides below the foundation of the waste storage
sites into 1.5 m depth of the natural barrier has been studied. The activity decreases abruptly
with the depth of the layer, and at the depth of 1.5 m the content of 137Cs is 18-32 Bq/kg, 90Sr -
2.5-6.0 Bq/kg.

The forms of existence of radionuclides in the products of decontamination have been
137analysed. The results have shown that 80-95% of the Cs are in non-exchangeable form. For

137the products of decontamination of water-soluble form of Cs in the nearest zone more than
in the distant zone and come to 0.4-1.6% and 0.1-0.2%, respectively. The analysis of

distribution of°0Sr in radioactive waste of the nearest and distant zones according to the forms
of existence has shown, that they differ essentially. Thus, in the nearest zone 90 Sr is in the
water-soluble (0.6-3.3%), exchangeable (8.2-31.6%) and non-exchangeable (65.1-91.2%)
forms, and in the distant zone (the Sozh trace) these values are 5.0-7.7%, 45.4-61.0% and 31.8-
46.9%, respectively.

The obtained results show, that the process of transfer of 90sr from non-exchangeable
into exchangeable forms proceeds extremely slowly for the products of decontamination of the
nearest zone. The coefficients of mobility of radionuclides in waste have been calculated on the
basis of the obtained data. They are the ratio between the sum of water-soluble and
exchangeable forms. The values of the coefficients of the mobility of 137Cs in the waste of the
nearest and distant zones are in the range 0.05-0.21. These values for 90Sr in the waste of
nearest and distant zones are in the range 0.12-0.42 and 1.0-2.4, respectively. It evidences the
lower migration ability of 90Sr in the waste of the nearest zone in comparison with the distant
zone.

3. RADIOECOLOGICAL MONITORING OF THE GROUND WATER

The system of radiation control and supervision over the processes of migration of 137Cs
and 90Sr radionuclides from the storage sites into the ground water has been developed during
1993-94. The system of supervision has been fitted out at 11 largest storage sites, involving
practically the whole spectrum of typical natural and technological conditions of disposal of the
products of decontamination. Main characteristics of the storage sites for radioactive waste of
decontamination chosen for control are given in Table I.



TABLE I MAIN CHARACTERISTICS OF THE DISPOSAL SITES FOR RADIOACTIVE
WASTE OF DECONTAMINATION

Name of
repositories

Kozhushki
Savichi-1
Babchin-1
Babchin-3
Mikulichi
Moriton

Name of
repositories

Dubrovka
Dudichi
Vetka
Bartolomeevka
Podkamen'e

Mass of
the waste,

106kg

10.1
23.5
5.0
5.2
5.7
57.4

Mass of
the waste,

106kg

12.3
1.5
4.8
7.0
4.2

Level of
ground
water,

m
T h e F

1.6-1.7
5.8-9.4
2.4-3.8
5.5-5.8
2.4 - 2.9

8.6
Level of
ground
water,

m
T h e

4.1-6.1
0.8-6.7
1.4-4.1
2.0-6.8
2.6-5.7

Average
depth of

repository,
m

r i p y a t
1.5
4.8
1.9
3.8
0.9
3.6

Average
depth of

repository,
m

S o zh t
1.1
2.3
1.3
0.9
1.1

Natural
barrier

thickness,
m

t r a c e
0.0-1.2
2.0 - 4.7
0.0-0.8
4.7-6.4
0.0-0.8
0.3-4.5
Natural
barrier

thickness,
m

r a c e
0.4-1.1

-
0.2- 1.5
4.4-5.1
1.1-2.1

S p e c i f i c

137Cs, kBq/kg

2.2
4.4
2.7
4.1
0.2
5.3

Specific

137Cs, kBq/kg

16.5
11.8
10.9
14.2
16.7

a c t i v i t y

90Sr, kBq/kg

0.1
0.4
0.3
0.7
0.3
1.3

activity

90Sr, kBq/kg

0.2
0.2
0.4
0.3
0.3

Each of the storage sites chosen for supervision has been fitted with 4-5
hydrogeological holes, arranged below and above the storage downstream of the ground water.
The character of disposition of the holes for supervision, the utilised methods of sampling,
preparation and measurement of samples allow to observe the change of activity of
radionuclides in the ground water to be recorded with sufficient reliability. Since 1994
radioecological monitoring of the ground water in the areas of arrangement of storage sites for
products of decontamination has been carried out [2]. In spring and autumn, sampling of the
ground water has been conducted. The content of 137Cs and 90Sr has been determined in the
water samples by the methods of gamma-spectrometry and radiochemical analysis. Activity of
the ground water in the locations of repositories for radioactive waste of decontamination are
given on Fig. 1.

a) b)

Savichy-l
Vctka

1994 1995
Dudichv

1996
1994

1997
1995

Years
1998

1996 1997
Years

1998

Fig.l. Concentration of radionuclides in water: a) Cs-137; b) Sr-90



The result have shown, that the specific activity of the ground water in spring is as a
rule higher, than in the autumn period of control. For the most repositories the excess of the
content of 137Cs and 90Sr in water samples from the wells located downstream of the ground
water has been registered. It is reason for argument, that there is the migration of radionuclides
from the waste of decontamination. As a result of carried out studies it has been found out that
in 1994-1998 there has not been marked essential change in the content of radionuclides in the
ground water in the locations of repositories with natural barriers. Maximum values of
activities of the ground water for 137Cs and 90Sr are within the level 310 and 260 Bq/m3,
respectively. It is substantially higher, than the activity of the ground water in the basins of the
Pripyat and Sozh rivers before the accident at the Chernobyl NPP, when the activity of caesium
and strontium radionuclides in the ground water has been less, than 1 Bq/m3. For all controlled
repositories the content of radionuclides in the ground water don't exceed the permissible
levels accepted in the Republic of Belarus for drinking water equal 10 kBq/m3 and 370 Bq/ m3

for 137Cs and 90Sr, respectively.

4. ASSESSMENT OF A POTENTIAL DANGER OF REPOSITORIES

The results of investigations obtained and the information received from the literature
sources have been used for assessment of a potential danger of repositories. For this purpose a
mathematical model has been developed based on the principle of a chamber model. It contains
an arbitrary number of vertical and horizontal chambers, in which the processes of
radionuclides washing-out has been described, as well as their descending motion with
infiltrating moisture to aquifer, and transfer of radioactive contamination by ground waters
outside the boundaries of repositories.

The processes in chambers are described with the system of ordinary differential
equations with the averaged parameters resolved analytically for hydraulically stationary and
chemically equilibrium conditions. The equation system takes into consideration a radioactive
decay, washing-out of radionuclides from decontamination waste, their convective transfer by
the infiltrating moisture and ground waters, interaction of radioactive admixtures in the systems
«radioactive waste - water» and « ground - water». The model gives the possibility to calculate
the change in radionuclide concentrations in time at an arbitrary distance from repositories and
in the elements of the geosphere.

Forecasting estimations of radionuclides migration from repositories located in the
remote zone of the Chernobyl fall-outs have been done. The thickness of the natural shielding
barrier is from 0.3 to 4.7 m in these repositories, and the part of them is flooded by ground
waters. It has been obtained that the time of the potential danger of repositories constitutes 240-
370 years. Migration of cesium-137 from them is limited by the aeration zone and in the case of
repositories flooding it is limited by the region of mixing of radioactive contamination with the
ground water directly under them. In connection with a high migration mobility of strontium-
90 its concentration in the ground water directly under repositories can reach the values from
0.2 to 75 kBq/m3, and at a distance of 100 m from repositories - 0.02-10 kBq/m3. The zone of
repositories effect is the distance from 100 to 350 m in the boundaries of which the
concentration of 90Sr decreases to a maximum permissible value.
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Abstract

Bore-hole repositories are used for the disposal of spent sealed radiation sources
for a long time in new independent states - former republics of USSR. Initial disposal
technology was corrected in the middle of 80-s by addition of a supplementary source's
immobilization. Immobilization procedure is carried out directly in underground vessel
by applying metal matrices (mainly lead). Sources with total radioactivity higher than
one million Ci are disposed off in Russian Federation, being immobilized in metal
matrices. Safety assessment of bore-hole disposal showed that practically there is no any
release of short lived radionuclides into environment. Even in the case of breaching of
all engineer barriers and flooding of disposal site plus eventual non-qualitative
immobilization of sources with some sources partly out of matrix maximum dose was
found to be below safety criterion 10 mSv/year in Russian Federation.

1. INTRODUCTION

Sealed radiation sources (SRS) are widely used in industry, medicine, agriculture
and scientific research all over the world. Spent SRS as radioactive waste are collected
and transported to regional specialised facilities (RSF) "Radon". Spent SRS containing
short lived radionuclides are disposed into shallow ground bore-hole repositories
whereas sources containing long lived radionuclides are stored in shielded containers
until the decision on their final disposal into deep geological formation. Spent SRS
immobilisation (encapsulation) into a matrix material is required in order to ensure long
term safety. Appropriate matrix material for this aim shall be chosen in dependence of
radionuclide used and initial radioactivity. Metals are the most suitable matrices for all
types of sealed radiation sources. They provide reliable isolation of radionuclides from
environment and dissipation of radiogenic heat. A technological scheme and a mobile
unit was developed for the immobilisation of spent sealed radiation sources directly in
the bore-hole-repositories in the middle of 80-s [1]. This technique is used since 1986 at
RSF "Radon". Different metals were tested as matrices for immobilisation. Lead and
lead based alloys as most corrosion stable and technological feasible are used for
immobilisation at RSF "Radon". A safety assessment report was prepared recently
concerning bore-hole disposal of spent SRS. It shows that practically there is no any
release of short-lived radionuclides into environment. This is completely due to very
low corrosion rate of lead matrix.
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2. SHALLOW GROUND BORE-HOLE REPOSITORY

The bore-hole repository contains a stainless steel cylindrical vessel with
diameter 200 mm and height 1500 mm which is placed at 4 m depth in a steel-enforced
concrete well. The thickness of vessel walls is 5 mm. The stainless steel loading channel
of the repository has a form of spiral tube with the diameter 108x5 mm. At the upper
part of repository there is a carbon steel conical socket which provides safe discharging
of transport containers. A carbon steel lid closes this socket. The concrete wall of
repository is surrounded by a clay-cement (or clay) mixture, which fills the initial
construction hole in original soil as a seal material. Typical repository was designed for
the disposal of sources with the total radioactivity corresponding to a radium equivalent
of 50,000 g-eqv. The maximum dose rate on the surface of repository near the conical
socket must be not higher than 0.82 mR/h. The underground reservoir is heated due to
generation of radiogenic heat. The maximum allowable temperature in the reservoir is
230°C.

3. STATUS OF REPOSITORIES

Bore-hole repositories operate from the beginning of 60-s. Investigations of
repositories showed dose rates in the underground reservoirs up to 20 MR/h,
temperatures higher than 80 °C and concentrations of radiolytic hydrogen up to 3.5%.
Due to non-uniform allocation of sources in the underground vessel the radiation fields
are extremely high even for total radioactivity of sources below repository limit (radium
equivalent of 50,000 g-eqv). The contamination of water in repositories was determined
to be up to 106 Bq/1. Small amounts of water were accumulated due to condensation of
water vapours on cold walls of loading channel. Though this is a slow process, during
many years of operation in dump conditions, when there is a flow of hot air from the
radiogenic heated zone of repository upward and reverse flow of dump air, some portion
of water is accumulated in the underground reservoir. Presence of water and powerful
ionising fields significantly decrease the safety of source's disposal. Radiolysis of water
and air cause accumulation of hydrogen, ozone and nitrogen oxides, which produce in
combination with water nitric acid. These processes accelerate the corrosion of source
cases.

The design of bore-hole repository was prepared on the base of the assumption
that stainless steel underground vessel and enforced concrete wall provide enough safe
immobilisation of sources. Practice of use of bore-hole repositories and investigation of
repositories status showed the possibility of accelerated corrosion of engineered barriers
in powerful radiation fields inherent to repositories with sufficient powerful sealed
sources. As a result highly contaminated water can be produced in the underground
reservoir, which can penetrate into surrounding soil, although this has not been observed
in practice. Radionuclide releases are possible also through loading channel by gas-
aerosol phase. Therefore free storage of powerful sealed radiation sources in bore-hole
repositories has insufficiently high level of safety. It is necessary to immobilise
additionally sealed sources into an appropriate matrix.

4. SRS IMMOBILIZATION
In order to ensure long term safety of disposal it is necessary to allocate sources

uniformly in a matrix material in the underground reservoir. In this case an additional
barrier is provided which protects sources against direct contact with air and water, and
decreases radiation and temperature fields. For powerful sources only metals can be
applied as matrices. A technological scheme was developed, which provides
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immobilisation of sources after their loading into the bore-hole repository into a metal
matrix. This scheme was proposed to be used at RSF "Radon" in order to correct
deficiencies of initial technological scheme with free storage of sources in underground
reservoirs of bore-hole repositories. Then this new technology was expanded for
conditioning of sources being under conditions of interim or long term storage.
Considerable reduction of radiation and temperature fields in repositories due to
application of metal matrices permitted to increase their capacity about 6 times. A
mobile immobilisation plant was put into operation at SIA "Radon" which can be used
for different types of repositories for the encapsulation of solid radioactive waste into
metal matrices [3]. The encapsulation of sources into metal matrices is carried out
directly in the underground reservoirs of repositories therefore this procedure allows to
follow the traditional scheme of the disposal of SRS as well as to use the repository's
protective shielding [4,5]. Immobilisation technology was used at Moscow SIA "Radon"
since 1986. At other RSF "Radon" in Volgograd, Nijnyi Novgorod, Ufa and
Ecaterinburg the immobilisation technology was used since 1991. Spent SRS with the
total radioactivity about 1 million Ci were encapsulated into lead and lead-based alloys
ensuring safe conditions of their storage until the radionuclides decay to background
levels [6]. Essentially only lead and lead based alloys were used for this purpose lead
being most reliable matrix material.

5. IMMOBILISATION RELIABILITY

SRS with Cs contain caesium in form of water soluble CsCl. Therefore the
most hazardous radionuclide in underground repository from the point of view of
possible migration and penetration into underground is 137Cs. Accordingly with the
requirement of basic "Sanitary rules on the management of radioactive waste SPORO-
85" the water-bearing layer (water table) under the repository must be at least at 4m
depth from the bottom of the repository. One can calculate the possible migration of
radionuclides through the soil in the emergency case of contamination of water by
opening of source case. At large distances from the repository when Peclet numbers are
enough high only convection transpher is important. Therefore the concentration of
radionuclides in the soil under the repository at the distance h » D / V can be estimated as

where C(0) is the initial concentration of radionuclides in the contaminated water in the
repository underground vessel, X is the decay constant of radionuclides, D is diffusion
coefficient of radionuclides in soil, V is filtration rate of water in the soil, rief =l+pKd/s,
p - is the soil density, s - is the porosity of the soil (saturated soil), IQ is distribution
coefficient for radionuclides in the soil. Above mentioned parameters of the soil near
repositories are known for every disposal site. For example at the disposal site of
Moscow SIA "Radon" the parameters of near surface layer of loamy soil are as follows
[2]: V=0.8 cm/day, s=0.3, pKd = 2000 for radionuclides 137Cs. Therefore we have at 4m
depth in the soil under repository for radionuclides 137Cs

C(4m)/C(0)=10"91

That means always essentially background level of radionuclides concentration in the
soil at this depth. Thus radionuclides penetration into water bearing layer through the
soil is highly improbable process due to relative short lifetime of radionuclides and their
retardation by soil.

For other radionuclides (e.g. 60Co, 90Sr, etc.) the ratio C(4m)/C(0) can be much
higher due to lower retardation of radionuclides by soil. However the value of C(0) for
these radionuclides cannot be so high as for 137Cs.
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Metal matrices provide an additional barrier against possible migration of
radionuclides into environment (water and air). The repository for spent sealed sources
is a shallow ground repository therefore it is important to use metals with enough high
corrosion durability both in water and in soil. Estimation of lifetime of a metal barrier
can be done on the base of known models of corrosion. Usually the corrosion rate
decreases by time. A comparison of corrosion rates of different metals shows that the
lead has a minimal corrosion rate among low melting temperature metals: about 5u/year
after one year in water [3]. Taking into account that shallow ground repositories must be
used for the disposal of short lived radionuclides (Tj/2<30 years) a lead layer with the
thickness only 5 - 1 0 mm can provide long term safety of sources burial. Laboratory
tests of proposed immobilisation technology demonstrated that such layers are obtained
for sources in repository vessels.

6. SAFETY ASSESSMENT

Safety assessment of SRS bore-hole disposal was carried out on the basis of
geological environment analysis as well as overall available parameters on repository
design and radionuclides inventory. MASCOT and MOP computer codes were used for
the safety assessment. Probabilistic calculations taken into account some data
uncertainties and variability. They showed that practically there is no any release of
short lived radionuclides into environment during about 1000 years. This is completely
due to very low corrosion rate of lead matrix. Various models were applied for more
detail numeric simulation of temperature and radiation fields, migration of radionuclides
in geosphere. Super-conservative scenarios were chosen for these models. The worst
case comprises both breaching of all engineer barriers and flooding of disposal site plus
eventual non-qualitative immobilization of sources with some sources partly out of
matrix. Maximum dose was found to be not higher in this case than 55 - 75 DSv/year
for population. Even this super-conservative estimation is much below safety criterion
10 mSv/year in Russian Federation.

7. CONCLUSION

In Russian Federation as well as in many New Independent States of former
USSR spent SRS are disposed of into bore-hole repositories. These repositories have a
many-barrier protecting system, however there is an insufficient level of safety in the
case of non conditioned storage of sources. Additional immobilisation of SRS into
metal matrix material provides safe conditions of storage and disposal.
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Abstract

A project of transforming the radioactive wastes storage "Mironova Gora" is under
development. A safety assessment of this storage facility was performed to gain assurance on
the design decision. The assessment, which was based on the safety assessment methods
developed for radioactive wastes repositories, is presented in this paper.

1. INTRODUCTION

The storage facility for low and intermediate level wastes was constructed in the
seventies. Radioactive wastes resulting from the maintenance and repair of atomic
submarines were disposed off in this storage facility. There are two equal concrete vaults,
with numbers 379 and 379a, at the territory of this storage facility. Radioactive contamination
of soil, ground and surface water was determined in the nineties. The removal of wastes is
considered now. The safety assessment was performed for resolving this problem.

In comparison with near surface radioactive wastes disposal facilities, the considered
storage does not have any difference. The wastes are disposed in concrete vaults located in the
ground, and the vaults are covered by concrete plates and by an asphalt cover. Because of
these features, the conventional methods of safety assessment of radioactive wastes disposal
facilities were used in this work. These methods were presented in [1]. Radioactivity
transport with ground water was used as the main process of activity distribution in the
environment.

2. MODELS OF ACTIVITY TRANSPORT AND INPUT PARAMETERS

The three dimensional numerical model of water flow and activity transport was used
for the calculation of the distribution of radionuclides in the environment. The model was
developed at the Institute of Biophysics and is described in [2, 3].

The main problem in the calculation of the distribution of contaminants in the
environment is the lack of sufficient knowledge of parameters controlling transport processes.
Such parameters serve as input parameters in the models. In this work, input parameters used
are: hydraulic conductivity, distribution coefficient, diffusion and dispersion coefficients and
others. These parameters must be known for all main nuclides and for all considered
mediums: for wastes, engineered barriers and soils.
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Most important is the source term modeling. In this case, the source term may by
modeled as activity release jfrom wastes into water inside of vaults. Only special experimental
data and realistic empirical models may be used for real cases.

2.1 Wastes consistence and activity source term

Nuclides consistence and their activity was assessed by consideration of the available
information about disposed wastes. The used equipment of submarines reactors, spent
radiation sources and other wastes are disposed in vaults. According to [4] after 10 years the
activities of the main nuclides in corrosion products of one submarine reactor are: 55Fe - 3
Ci (1.1E11 Bq), 6 0C9 - 10 Ci (3.7E11 Bq), 59Ni - 0.04 Ci (1.5E9 Bq), 63Ni - 4 Ci
(1.5E11 Bq), 90Sr - 2 Ci (7.4E10 Bq), 1 3 7Cs - 2 Ci (7.4 E10 Bq). The activity of these
nuclides in activated metals is approximately three orders of magnitude higher, except 90Sr
and 137Cs. It was assumed, that only nuclides from corrosion products can be transported into
water. Nuclides in activated metal, in spent radiation sources and in other wastes were not
considered. As the decay constant of 55Fe is high, this nuclide was not considered.

The nuclides inventory was assessed by from the number of reactor equipment units in
storage. It was assumed that in each vault the following amounts were present: 60Co - 500 Ci
(1.8E13 Bq), 59Ni - 2 Ci (7.4E10 Bq), 63Ni - 200 Ci (7.4E12 Bq), 90Sr and 137Cs - 100 Ci
(3.7E12 Bq). The volume of one vault is 778 m 3 , and it was assumed that the volume of
wastes is 600 m3.

The measured total activity of water inside of the vault is 1E-7 Ci/I (3700 Bq/1).
Activities of 90Sr and 137Cs in ground water outside of the vault near the walls are
approximately some tens Bq/1. It was assumed, that in the vault activities of 90Sr and 137Cs are
equal, and equal to total activity - 1E-7 Ci/1 (3700 Bq/1). These assumptions are not very
conservative, because water samples were taken from the upper part of the vault where
dilution may occur.

The activity of 60Co in ground water is 1 - 3 orders of magnitude smaller than the
activity of 90Sr. Therefore it was assumed that in water inside the vault, the 60Co activity is
1E-8 Ci/1 (370 Bq/1). The same activity in vault water was assumed for 63Ni. For 59Ni it is 100
times less.

The partition coefficient was used for source term modeling (the partition coefficient
is the relation of activity in solid wastes to activity in water). Partition coefficients used were:
1400 for 90Sr and 137Cs, 70000 for 60Co, and 28000 for 59Ni and 63Ni.

2.2 Sorption and filtration parameters

The concrete vaults are located in sands and in gravel. Rocks are distributed only near
the vaults. The surrounding ground consists of loam and sandy clay. The clay layer is located
at a depth of 6 m, the bottom of the vaults is also located at a depth of 6 m.

The distribution coefficient of 90Sr and 137Cs for sand and loam was obtained from
measurements of nuclides concentration in ground water and in soil. These measurements
were performed in wells [5]. The average ratio of activity in soil and in water (distribution
coefficient) for 90Sr is 5, for 137Cs it is 100. The distribution coefficient of cobalt usually is
higher in comparison with strontium and smaller than its value for cesium. Therefore the
distribution coefficient for 60Co was taken as 15, and the same value was used for nickel. It
was assumed, that for clay all distribution coefficients are three times higher.

The hydraulic conductivity according to [5] amounts to 0.001 m/day (1E-8 m/s) for
clay, 0.01 m/day (1E-7 m/s) for loam, 2 m/day (2E-5 m/s) for sandy clay, and 10 m/day (1E-4
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m/s) for sand. It was assumed that longitudinal and transverse dispersion equals 10 m and 2 m
respectively. The active porosity was taken as 0.3.

The previous calculation of 90Sr migration in the time frame of 20 years was
performed by using different values of hydraulic conductivity of concrete for obtaining correct
conductivity values. Using a concrete conductivity of 1E-4 m/day (1E-9 m/s), the calculated
activity in ground water near the vaults is approximately equal to results of measurements
(some tens Bq/1) [5].

This value of conductivity was used for the first 50 years. It was assumed that the
conductivity of concrete increases with time. Increase of conductivity by ten times is assumed
to occur after 50, 150 and 300 years. For the time after 500 years, complete disintegration of
the concrete was assumed, i.e. conductivity of concrete is equal to the conductivity of sand.

Characteristic times for changes of concrete properties were taken from [6, 7].
According to [6], 50 years is the lifetime of a concrete cover of "Radon" type concrete vaults,
and 150 years is the lifetime of the foundation. The predicted lifetime of concrete vaults is
usually 300 - 500 years. The values of fractured concrete conductivity used in this work are in
agreement with data given in [7].

The velocity of ground water flow and the distribution of the water level were
calculated by applying the three dimensional equation for hydraulic head. It was assumed that
in the first 300 years the vaults will be filled by water (present situation).

3. RESULTS OF CALCULATIONS

Two scenarios of activity transport from repository to ground surface (into surface
water) were used in this work:
First scenario - discharge of ground water into a small pond near the storage at a distance of
25 m (this is the scenario of the present situation);
Second scenario - discharge in brook at a distance of 500 m. The second scenario assumes
performance of certain work for storage safety: filling the nearest pond by soil, providing
institutional control and monitoring, establishing sanitary-protective zone with radius 500 m,
etc.

The main result of first scenario is: activity of 90Sr in water, discharged in pond, may
be higher than the limit of the Russian regulatory document [8] (45 Bq/1); the time of the
activity maximum for 90Sr is 75 years. Activities of another nuclides discharged in pond water
are less than regulatory limits, but in case of water discharge at ground surface near vaults,
activities of other nuclides may be above regulatory limits.

In the second scenario, the activity of 59Ni is the maximum activity of water
discharged in brook water at a distance of 500 m, the time of maximum activity in this case is
2500 years. But the maximum activity of 59Ni is three orders of magnitude lower than the
regulatory limit. It may be concluded that activity limits will not be exceeded at the boundary
of the sanitary-protective zone.

The most important problem of safety prediction is the uncertainty of the results.
Comparing calculations with experimental data is the most effective method of uncertainty
analysis. The results of calculations performed in this work of 90Sr and 137Cs activities near
the vaults are in agreement with results of measurements reported in [5] (some tens Bq/1).
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4. CONCLUSIONS

The radioactive wastes storage "Mironova Gora" now is a dangerous object for
radioactive contamination of the environment and potential human exposure. The main danger
is connected with flooding of concrete vaults and activity transport on ground surface by
ground water near storage. Certain works must be done before realization of the wastes
removing project. The foil wing needs to be done for storage safety: filling the nearest pond
with soil, hydro-isolation of vaults, pumping water from vaults, establishing institutional
control and monitoring, and a sanitary-protective zone with a radius of 500 m. After
completion of the work mentioned above, the storage "Mironova Gora" may be considered as
a safe object without negative impact on the environment and the public.
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Abstract

Romania has become the 30th nuclear power plant operating country since 1996. The operation of
Cernavoda Nuclear Power Plant (CNPP) will generate, besides the spent fuel, the large amounts of
low and intermediate level waste (LILW). These radioactive wastes must be managed and disposed of
in an environmentally safe manner. As a result, the necessity of the selection of the appropriate waste
disposal system, as well as the development of the safety assessment methodology are obvious. The
developed safety assessment methodology, has the performance prediction of Romanian repository for
an object. In consideration of Romanian selected site specific conditions - a semi-arid region with a
large depth of the unsaturated zone - the source term model and unsaturated zone flow and transport
are considered the most important modules of the methodology. This paper presents the results of the
source term evaluation and the development of the site-specific conceptual model for unsaturated
zone and radionuclide transport simulation for low and intermediate level waste Romanian repository.

1. INTRODUCTION

The main objective of this paper is to present the assumptions used in calculating the release
of radionuclides from the disposal cell and the radionuclide transport modelling through the
unsaturated zone. A brief outline of the Romanian disposal concept is provided followed by the
source term modelling approach and radionuclide transport simulation through unsaturated zone. For
the purpose of the source term calculation, it was necessary to have estimates of the inventory of
radionuclides that would be in the repository at the time of the closure. Conservative estimates of the
inventory have been ensured by means of a set of hypothesis during the cells filling operation. In
development of release scenarios, different sets of assumptions have also been used. In order to
evaluate the performance of the geological barrier, modelling of Cs-137 migration through
unsaturated zone for different boundary conditions and two values of distribution coefficient was
considered.

2. ROMANIAN DISPOSAL CONCEPT

Taking into account many criteria including the characteristics of CANDU reactor radwastes,
local legislation framework and the best practices in Europe, Romania decided to build a shallow
LILW disposal facility. The benefits of this repository type are: the easiness of the long-term
surveillance, intervention in case of major accident, possibility of the migration modelling of the
specific radionuclides under relatively simple geological conditions and relatively deep ground water
level. The repository will be designed according to multibarrier concept. The disposal cells will be
capped by means of the long-term cover that will combine the bioengineer, resistive and conductive
layers. The waste disposal zone is made up of the disposal cells, concrete disposal containers and
waste packages. The waste packages, most of which are 220 litters steel drums, are placed inside
concrete disposal containers (or modules). The modules will be stored in the disposal cells. The
capacity of the repository will accommodate all LILW produced by two CNPP units during the 30
years life time.

The LILW generated from CNPP operation may be grouped as: general wastes (compactable
or non-compactable), liquid wastes, spent resins and spent filter cartridges. After supercompaction
(for compactable waste drums) and conditioning by cementation (for all solid and liquid wastes,
including spent ionic resins), the following type of packages will be transferred to the final deposit: CD
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standard metallic barrels of 200 I, containing general compacted or non-compacted wastes (after a
storage period of 10 years in the intermediate deposit of the station), © standard metallic barrels of
200 1 with liquid organic wastes (after the intermediate depositing for 10 years), <D metallic cassettes,
containing spent filter cartridges or any other active solid wastes (after a period of 10 years of interim
storage), © standard metallic barrels of 200 1, containing spent ionic resins conditioned by cementing
(after a calming period of about 15 years).

The LILW disposal facility will be located at Saligny, in Central Dobrogea region. The
reasons for selection of Dobrogea area are as follows: © the closeness to the nuclear objective
(CNPP), ® the lowest precipitation quantities in the country <D very deep unsaturated zone. Four
geological-engineering horizons were separated: A horizon - cuaternary silty loess with 20 m of
thickness, B horizon - cuaternary clayey loess with 6-8 m of thickness, C horizon - cuaternary red clay
with maximum 20 m in thickness and D horizon - precuaternary clays with sandy and limestone lentils
(30-40 m thickness). The red clay (C horizon) is the main geological barrier, with low permeability
and high retardation capacity. The water is present at 45 m in depth (under red clay) with no variation
in time.

3. SOURCE TERM EVALUATION

After site closure, for normal evolution scenario, the most likely release mechanism for LILW
is leaching by contact with water that infiltrates into the facility.

To assess the release rates, it was necessary to have the estimates of the inventory of each
radionuclide. The calculation of this quantity is based on the AECL-CANADA data and those
resulted from the initial project data. It was assumed two CANDU-700MW reactors with expected
lifetime of 30 years. Conservative estimate of the inventory will be ensured by means of a set of
hypothesis during the filling operation of the cells. The expected Cs-137 inventory for the last filled
cell and also for the repository is 3.88 x 102 Ci, respectively 1.871 x 103 Ci.

The assumptions used in development of normal evolution scenario at the beginning of the
institutional control period are the following: (D the final cover of repository is assumed intact during
the evaluation period; CD degradation of concrete is modeled as a step change in the concrete
hydraulic permeability at some specified time; <D the cell and concrete disposal containers maintain
their structural integrity over the evaluation time period; © complete failure of steel drums occurs at
the beginning of the institutional control period, so that the activity is uniform distributed in the
concrete disposal containers; © leaching mechanism is predominant diffusive.

The waste form leaching has been modeled as a two stage process: in the first stage, the
radionuclides are assumed to be released instantly from their waste forms to the concrete disposal
containers and in the second stage of process the "hypothetical waste form" is localised into a
rectangular shaped waste form with dimensions of 2.25 x 2.25 x 2.25 m along the x, y, z directions.

The source term evaluation was performed using DUST code [1]. To obtain reliable results,
several sub-scenarios of this main scenario have
been analysed. Their common feature consists of
the same water velocity and volumetric moisture
content. The sub-scenarios differ by the number of
different materials considered into the cell, the
material properties and the release mechanisms.
Due to the lack of site specific data, the
recommended conservative estimates for different
parameters have been used. Figure 1 shows
diffusive release rates of Cs-137 for two different
values of distribution coefficient in waste form. We

1 SI » l 151 301 S I 301 JSI « t «SI SOI , .

~« also considered three materials m the cell: the first
Figure 1 Diffusive release rate of Cs-137 is given by conductive and capillary break layers,

the second by concrete (the same for cell and
concrete container walls), and the third material is given by waste form. Darcy velocity in the first
layer has been obtained by assuming that the conductivity of a low-conductivity layer determines the
flow through the system. The theoretical method is used to calculate moisture content. We assumed a
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Figure 2 The time evolution of release
rate of Cs-137

time dependent Darcy velocity in the repository with a minimum value of 10"10 cm/s and a maximum
value of 10"6 cm/s. The moisture content in the repository is a constant value of 0.35. We considered
that the waste form leaching is controlled by diffusion. DUST diffusion release model assumes that
the concentration in the contacting solution is zero, that leads to the highest predicted release rates
and permits an analytical solution to be obtained for the rectangular geometry.

Figure 2 shows the release rates of Cs-137 by different release mechanisms. The modelling is
similar to the other ones, but three different mechanisms with different fractions participate at the

release of radionuclides. For the first simulation, the equal
fractions of 0.5 for diffusion and surface rinse were used,
while a diffusion fraction of 0.5, a rinse fraction of 0.2 and
a dissolution fraction of 0.3 was used for the second one.

4. RADIONUCLIDES TRANSPORT THROUGH THE
UNSATURATED ZONE

In order to simulate the radionuclide transport it
was necessary at the first step to estimate the hydraulic
properties of the site. Two kinds of tests were used:
laboratory methods in which both water content 9 and the
pressure head h have been determined in a tensiometer, and
the natural water content measured in a monitoring well. A
non hysteretic Mualem - van Genuchten model was

assumed in which both the constitutive equation 9 - h and K - 9 relation are dependent on only four
parameters [2], [3]: saturated and residual water contents 9S and 9r as well as the empirical shape
parameters a and n.

The inverse problem was formulated as a classical least square problem in which the
parameters are estimated by minimising the discrepancy between observed 8 * and computed water
content 9 values [4]. The objective function is a non-linear function of the material parameters as well
as of the average infiltration flux q. Because the system is non-linear in all material parameters,
minimisation of the objective function s was carried out iteratively. Denoting by b0 the initial set of
the 9S, 9r, a, n and q, at every iteration a linear system has been performed giving the correction vector
Ab. The linear system was constructed using the Levenberg-Marquart modification of Newton method
[5].

For the laboratory tests 35 samples have been collected from different depths. Starting from
the measured values of 9 and h the parameters of the characteristic equation 9s,9n a, n were identified

for each sample. The resulted parameters present a large
range of variation. For example, the a values of the
loess samples range between 0.15 and 0.86 m"1.
For the in situ estimation of the soil parameters a
vertical one-dimensional unsaturated and permanent
flow was considered. Apart the soil parameters, the
average infiltration flux was treated as an additional
unknown in the inverse problem. It must be noted that
the saturated conductivity was assumed known as it
resulted from both in situ slug test and the laboratory
measurements. Whereas the clay layer was supposed
homogeneous, five zones of different properties were
considered in the loess. Figure 3 shows the measured
and computed water content distribution for an

infiltration flux of 18.75 mm/year. It is interesting to note that the a values are comparable with the
values determined in tensiometer while for the n parameter, the in situ estimation are larger than the
laboratory measurements.

The Cs-137 migration through unsaturated zone has been analyzed for two release
mechanisms of the source term (diffusive release and diffusion combined with surface rinse). For
every release mechanism two different boundary conditions (Dirichlet type and Cauchy type) and two

Figure 3 Comparison between the measured
and computed water contents

20



values of distribution coefficient has been used. Briefly, distribution of Cs-137 concentration is
presented for diffusive release mechanism of source term and specified concentration boundary
conditions (Figure 4) and Cauchy type boundary conditions (Figure 5). In both cases, we considered a
simulation time period of 900 years and a distribution coefficient of 50 ml/g. As it seems, the process
is evolving differently. For Dirichlet problem, under the disposal cell the contaminant concentration is
zero, while at the outside boundary of cell the concentration has relatively high values. Under the cell,
the contaminant flows by convection and dispersion; in the outside, the values of velocity are small
and the concentration of the contaminant which penetrates by longitudinal dispersion decreases
slowly, mainly by radioactive decay. Due to dilution, for Cauchy type boundary conditions, the
concentration of the contaminant decreases comparatively with the specified concentration boundary
conditions case. After 900 years, the concentration maximum is twenty times lower for Cauchy
problem.

10.00-
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Figure 4 Distribution of Cs-137 concentration (x E-
13 Ci/cmA3) (Dirichlet problem) Figure 5 Distribution of Cs-137 concentration (x E-13

Ci/cmA3) (Cauchy problem)

5. CONCLUSIONS

The conclusions of the analysis are the following:

1. In very conservative assumptions, the release rates under the disposal cell are small;
2. The distribution of concentration is influenced by the boundary conditions;
3. For Dirichlet problem, the vertical distribution of the concentrations under the disposal cell

reproduces the concentration distribution in source. The process is mainly dispersive, especially
for high values of distribution coefficient;

4. The transfer process simulation for Cauchy type boundary conditions results in lower values of
concentration. Due to the dispersive process, the concentration maximum appears to lower
depths than for Dirichlet problem.
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Abstract

This paper gives some reflections on the Swedish siting process for a spent nuclear fuel repository,
which has been running since the early '90s. A short overview of the legal framework, with emphasis
on the roles of the nuclear industry and the regulators, and the present status of the siting process is
given as background. The paper then discusses some topics that are frequently debated, e.g. the
stepwise approach to implementation and the role of alternative waste management options in the
siting process. This is of course not a comprehensive list of issues but may serve as an input to
discussions during this conference. The main part of the paper discusses two different components to
enhance public participation in the siting process. It is argued that, within the Swedish legal
framework, environmental impact assessment (EIA) is the lead process for public participation.
Hearings, which quite recently have been tested in Sweden in connection with spent nuclear fuel
storage, are also discussed and identified as a suitable tool for enhancing transparency in the decision
process.

1. DIVISION OF RESPONSIBILITIES

The Swedish legislation stipulates that the holder of a licence to conduct nuclear activities shall adopt
the measures necessary to "in a safe manner, handle and dispose of waste generated by the activity or
... nuclear substances which are not re-used". Thus, the nuclear power plants have the technical and
financial responsibility for siting, developing and constructing a repository. The task of the regulatory
authorities, primarily the Swedish Nuclear Power Inspectorate, SKI, and the Swedish Radiation
Protection Institute, SSI, is to ensure that the nuclear power plants live up to their responsibility. The
authorities must also clarify in their regulations the safety and radiation protection requirements for
final disposal and the required facilities.

The nuclear power plants have assigned their legal obligation to develop and implement final disposal
measures to the jointly owned company, the Swedish Nuclear Fuel and Waste Management Co., SKB.

According to the Act on Nuclear Activities SKB must every third year present its research and
development programme to the Government, which may set conditions for SKB's future work. The
review of the programme is carried out by the SKI, which in turn invites comments from a large
number of organisations, e.g. other authorities, municipalities involved in SKB's siting process,
environmental groups, universities etc. Thus, the review serves the two-fold purpose of giving a broad
audience insight into SKB's work and providing the same audience with a possibility to comment, and
hence influence, SKB's future work.
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2. THE SWEDISH SITING PROCESS

The Swedish programme for managing nuclear waste and spent nuclear fuel has been in progress for
about 25 years. Since the mid-80's the preferred alternative (KBS-3) for managing the spent fuel is
direct disposal in the bedrock. It is planned to encapsulate the spent fuel in copper canisters (corrosion
resistance) with cast iron inserts (mechanical strength). In the repository, at about 500-m depth, the
canisters will be embedded in bentonite clay in individual deposition holes.

An important step in the nuclear waste programme was taken by SKB in 1992. SKB then initiated an
active siting programme by informing all Swedish municipalities (about 280) about the programme
and invited, on a voluntary basis, them to participate in the siting process. It can be said that
municipalities at this point become stakeholders in the Swedish nuclear waste management
programme.

3. VOLUNTEERISM

In SSI's and SKI's opinion the principle of volunteerism is a necessary condition for the site
selection. This means that the municipalities concerned should give their consent to each stage of
SKB's site investigation programme. Even if volunteerism means that a municipality can say no to a
new stage in the site selection process, it is a fact that the municipalities concerned feel that the
commitments towards accepting a repository in the municipality become greater with each new stage
that they approve.

In order for volunteerism to work satisfactorily the municipalities must have the possibility to closely
follow and, in particular, to influence the scientific/technical investigations and the decision process.
In order to facilitate this, the municipalities receive stakeholder funding from the state up to certain
amount. The funding has been of great importance for the quality and the progress of the siting
process.

4. STEPWISE IMPLEMENTATION

SKB is currently conducting feasibility studies in six municipalities in order to find a suitable site for
a repository. In the next phase, SKB intends to, on the basis of 5-10 feasibility studies, select at least
two sites which will be investigated by drilling from the ground surface. This will provide a basis for
selecting one site where a tunnel or shaft will be excavated for detailed characterisation. At this stage
a formal licensing is required, as outlined above, since the detailed characterisation is considered as
the first phase in the construction of a repository.

In SKI's opinion, which is shared by most concerned parties in Sweden, the stepwise approach to
implementation is essential since it at each step allows for evaluation of steps taken so far and for the
appropriateness of the next step. Thus, at each step it is possible it "reverse" or redirect the waste
management programme.

5. THE IMPORTANCE OF ALTERNATIVES

The question of alternative waste management options has strong links to the stepwise approach to
implementation. At each step, involving either formal licensing or informal decisions, the main
alternative is compared to other available options. Thus, alternatives must be explored and discussed
throughout the decision process. There is also an intimate relation to environmental impact
assessment (EIA) where comparison of alternatives (methods as well as sites) is a corner stone. This
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is also a (formal) argument to study different alternatives and to not close an option until it becomes
necessary.

However, to keep alternatives open also causes problems and conflicts. In Sweden, several
environmental groups claim that it is premature to attempt to site a repository before the disposal
concept has been formally licensed. At a first glance there is logic to this argument but what happens
if other alternatives become competitive during siting, which may last for two or more decades. In
SKI's opinion it is reasonable to have a stepwise approach to both siting and disposal concept
development (of course the concept must have been demonstrated to have high potential to comply
with safety and radiation protection criteria before an extensive siting process is initiated).

6. PUBLIC PARTICIPATION

All municipalities, as well as many other organisations, stress the need for clear and unambiguous
statements from authorities as well as from the Government regarding the disposal method as well as
the siting process. The reason is of course that the management of spent fuel is national concern. It is
thus not reasonable for a municipality to commit themselves to a repository, or even site
characterisations, without active support from the authorities. SSI and SKI both consider it an
important and prioritised task to support and engage in dialogue with the municipalities.

As SKB's programme for siting a spent fuel repository progresses SKI and SSI are facing increasing
requests by municipalities to take an active role in the EIA as "people's experts". At the same time
they have to maintain their integrity as licensing authorities.

However, the factual statements and the values held by the regulators also need to be evaluated by the
public as well as their authenticity. For example, radiation protection criteria are one important area
where the principles of transparent decision making should be applied. In fact the criteria are the
starting point for the safety analysis that SKB will have to present for a repository. The criteria
identify the questions that the safety analysis needs to answer. The development of radiation
protection criteria may thus be as important as the safety analysis itself regarding the evaluation of
value statements.

6.1. Environmental Impact Assessment

EIA is identified as the lead process for public participation. Well-structured procedures for EIA have
been developed over the last years in the municipality of Oskarshamn in Kalmar County, which is
used as an example here. As a background it should be mentioned that there are three nuclear power
reactors, as well as the Swedish central interim storage for spent fuel (CLAB) in Oskarshamn. Thus,
the municipality has long experience of interaction with both nuclear industry and nuclear regulators.

The EIA is structured into three phases (scoping, investigations and preparation of the environmental
impact statement (EIS)) and all of them have actually been carried out for the enlargement of CLAB.
Of particular interest for the regulators were the two "hearings" that were held after SKB had
submitted the application for the enlargement (further discussed below).

At present the main concern for the EIA is the feasibility study for a spent fuel repository. The
preparations have started for a Planning Report (scoping) for the EIS, which will be finalised spring
2000.

The framework that has developed has proven very useful since it has been designed to allow for
discussions between the stakeholders but at the same time allowing them to maintain independence. A
key ingredient for the success has been that the procedures are flexible enough to accommodate new
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needs as they appear during the process. It has also been very valuable to be able to "test" the
framework on the enlargement of CLAB. Since all phases were carried out for CLAB it has given the
stakeholders confidence in the procedures.

6.2. Hearings

As already mentioned hearings were tried as a new element in the decision process for the
enlargement of CLAB. SKI and SSI held a first hearing when SKB had submitted their application. At
the hearing the application was presented by SKB and SKI/SSI presented the framework and scope
for the review. A second hearing was held together with the National Licensing Board for
Environmental Protection (responsible for the review of "conventional" environmental protection)
when SKI and SSI had published preliminary review reports. These hearings served the twofold
purpose of allowing stakeholders and the general public to evaluate both SKB's and the regulators'
factual statements and value judgements.

A second example was a hearing arranged in 1997. At that time SSI submitted draft regulations for
disposal of nuclear waste and spent nuclear fuel. At the same time SKI submitted premises for
complementary safety regulations. The purpose of the hearing was to test the basis for the criteria as
well as the authenticity of SKI and SSI. Furthermore, it was an attempt to engage the public in a
dialogue about regulatory criteria. Even if the hearing did not lead to any significant changes in the
actual criteria it lead to greater understanding at both SKI and SSI for the need of close co-operation
when developing and communicating radiation protection and safety criteria.

7. CONCLUSIONS

The stepwise approach to develop and site a spent fuel repository has so far been successful in
Sweden since it allows for regular review and evaluation of both the preferred option and alternatives.
It is thus possible to "reverse" or redirect the waste management programme at crucial points.
Consequently it is important to study different alternatives throughout the siting process.

In Sweden the regular review of SKB's research and development programme is of great importance.
The review serves the two-fold purpose of giving a broad audience insight into SKB's work and
providing the same audience with a possibility to comment, and hence influence, SKB's future work.
Furthermore, since the review is finished with the Government's decision it has the capability to give
national support to the municipalities involved in the siting studies. Thus, it helps in diminishing the
impact of the "not in my backyard" syndrome.

It is important to have independent regulators, with the capacity to review the safety assessment of the
implementer. The regulators also have the challenging task to be the people's experts in providing a
sufficiently demanding environment ("stretching") for the implementer. At the same time they should
expose themselves to the being stretched by other stakeholders and the public at large.

Experience also shows that regulators should engage early in the pre-licensing phase, e.g. in ELA and
siting, and that this can be done without compromising the independence and integrity needed in the
licensing phase.

A well structured, but flexible, EIA appear to be an efficient "vehicle" for public participation.
However, it is believed that the EIA should be complemented with hearings, in both the pre-licensing
and licensing phases, since this is believed to increase the transparency of the decision making
process. Such hearings should be designed to avoid adversarial situations because it would counteract
communication between stakeholders.
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Abstract

Uncertainties about the safety of final disposal may lead to unwillingness to take decisions
about waste management issues that may seem to be non-reversible. This has lead to
proposals that we should wait with decisions on final measures and instead store the waste for
some period of time. Also the possibility of retrieval may lead to decisions not to go for
permanent disposal but instead to retrievable disposal. These aspects and the pros and cons are
discussed both from a more general perspective and also with some reflections from the
Swedish programme for nuclear waste management and disposal.

1. INTRODUCTION

The long term aspects of safety of spent nuclear fuel and other types of long lived radioactive
waste introduces a difficulty in the decision process. How can we, living now, take decisions
now that will be of importance not only for today's generation but also for hundreds and
thousands of generations to come?

First a short repetition of what we generally agree on:
• it is the responsibility of today's generation to take the necessary measures for the safe

management of radioactive waste generated by nuclear power production including health
and environmental protection aspects (an ethical aspect reflected in the "Joint
Convention")

• this responsibility covers safety and future costs of the proposed management

The uncertainties about the safety for the very long time periods (in the order of hundred
thousands of years) relevant for the management of spent fuel and other long lived radioactive
waste may be considerable. The time period of concern is primarily related to the dangerous
properties of the spent fuel or the waste and secondary to the management alternatives.

There are three principal solutions:
• dilute and disperse the waste
• eliminate the waste (send out in space, "complete" transmutation etc)
• final disposal of the waste (no supervision needed); between experts it is generally agreed

that deep geological disposal is the preferred option
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In addition to that several other aspects are often discussed:
• storage of the waste; supervision needed as long the waste is dangerous or until a final

solution is found; this is just an intermediate, not a final solution
• retrievability of the waste in final disposal
• national vs. regional disposal
• recycling of spent fuel instead of disposal (only a few recyclings are in practise possible)

Note that these aspects do not offer a final solution (per se) they only give alternative ways to
achieve a principal solution. If the spent fuel is regarded as a resource and not a waste this of
course will affect the decision on future management. However, in the end, it is very probable
that an end product will be waste. The discussion above will then again be relevant.

Dilute and disperse is not an acceptable solution for spent fuel and HLW. Also transmutation
is questioned as a method to give an acceptable solution to waste management and disposal
risks. It could be mentioned that SKI has stated that separation and transmutation of spent
nuclear fuel is not a realistic alternative to disposal.

2. STORAGE VS. DISPOSAL

What we strive for is to find a management method that is robust as regards safety and also
that the long term safety of that method can be convincingly demonstrated. We want a safe
and robust case. This has lead to the multibarrier concept for disposal of waste. The possibility
to demonstrate long term safety (hundred thousands of years) in final disposal of long lived
waste offers considerable difficulties. However performance assessment methodology has
been developed and is recognised as a useful tool for assessing safety (NEA Collective
Opinion)

This short review has presented principal options and aspects in finding a final solution to the
management of spent fuel and long lived radioactive waste. But even if we agree on this we
still need to take the decisions in a democratic process that involves not only decision makers
(implementers and regulators) but also the concerned general public and groups that may
oppose a decision. The decision will be difficult, as the issue is scientifically and technically
complex and controversial in regard to democracy.

However, a decision has to be taken. It should be remembered that to abstain from taking a
decision is also a decision. The very difficult situation may lead to decisions that leave options
open and sometimes also to decisions that are of an intermediate character and that leaves the
principal problem unsolved.

One such situation is to restrict the decision to question about storage. Storage is obviously
not a final solution. Storage is a way to delay the final decision. This may be justified and
correct if the uncertainties are judged to be too great for a decision to be taken. If so, it should
be clearly stated that only an intermediate solution has been found and that more work has to
be done to find the final solution or that supervision has to go on for a long time giving
burdens to future generations.
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The Swedish Act on Nuclear Activities explicitly requires final disposal of spent fuel and
nuclear waste. This is one fundamental basis for SKI's position on storage and disposal:

• Deep geological disposal is the preferred option for final disposal of spent fuel (NEA
Collective Opinion)

• The KBS-3 concept is supported by SKI and the Swedish government (but yet not
licensed)

• Long term safety, after closure of the repository, is not dependant on supervision and
control

• Storage in the central storage for spent fuel (CLAB), either as planned intermediate
storage or as prolonged storage is not to be seen as a final solution

3. RETRIEVABLE DISPOSAL VS. DEFINITIVE DISPOSAL

Retrievability of the waste is another issue that may be introduced to make it easier to take
decisions about disposal. Disposal is intended to be a final solution. Some disposal concepts
may offer a possibility for retrieval of the waste without endangering the safety. If so,
retrievability should be accepted. If not, it should not be accepted. However, if we require the
waste to be retrievable for a closed repository we seem to confirm a need for future measures.
Final disposal and a requirement on retrievability may seem contradictory and may cause
serious doubts about the concept.

There may be different reasons for having retrievable disposal. One is the possibility
retrievability offers in regard to safety. If, for some reason, the repository in a certain stage is
regarded not to be safe, future generations should have a possibility to retrieve the waste and
to take measures to improve safety. An other reason for retrieval is that future generations may
see the spent fuel as a resource and want to retrieve it for that reason.

Whatever reason one must recognise that the spent fuel represents a risk and that safety must
be maintained for a long time. One must also recognise the problems with long term storage
putting a burden on future generations and also the uncertainties in stability of the society that
can threaten the safety of long term storage. In a very simplistic manner we could ask
ourselves what is more stable over very long time periods (for spent fuel, ten to hundred
thousands of years) society or a deep geological environment.

SKI does not require retrievability of spent fuel after closure of the repository. The KBS-3
concept incorporates retrievability (for the operational phase of a repository but also for long
term periods after closure of the repository). Retrievability can be seen as an intrinsic property
of the KBS-3 concept and does not require a compromise with safety.

It is sometimes said that the possibility for retrieval is not consistent with the requirement on
long term safety for the repository (required by law). SKI emphasises that SKI will not accept
that the possibility for retrieval is used (explicitly or implied) as an argument for
compromising with requirements on safety or on requirements on demonstration of safety (by
safety assessment).
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4. CONCLUSIONS

The management and disposal of spent nuclear fuel and long lived nuclear waste includes very
long time periods and the safety of future generations. This fact obviously has lead to
discussions and doubts about taking non-reversible steps such as final disposal.

In order to come to a decision about final disposal of spent fuel and long lived nuclear waste
SKI has proposed a multistage decision process building on ethical, environmental,
economical and democratic aspects as well as aspects on safety and radiation protection. Such
a process will hopefully help in coming to agreement and acceptance on the final disposal of
spent fuel. It should be stated that the basic requirement is safety and that safety has to be
convincingly demonstrated.
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Abstract

Laboratory experiments were carried out to determine the breakthrough of uranium (VI) through a
saturated porous wedron-510 sand column in absence and presence of goethite colloid (a-FeOOH).
NaCl solution in the ionic strength range of lO^M- 10"2 M at pHs 7.5 and 10.5 and Inshas ground-
water were used to saturate wedron-510 sand column. In the presence of CaCC>3, the species of U(VI)
were UO2 + , (UO2)2CO3(OH)-, UO2(OH)J, and UO2(OH)2". At pH 7.5, the transport of

U(VI) at lO^M NaCl was retarded , while it facilitated at 10'3 and 10"2 M NaCl in the presence of
goethite colloid. On the other hand , at pH 10.5 the transport of U(VI) was facilitated in the presence
of goethite colloid. In Inshas groundwater the transport of U(VI) was retarded in the presence of
goethite colloid.

1. INTRODUCTION

Synthetic goethite (a-FeOOH) is important in waste management as well as in industry. In waste
management, it could affect the transport of radionuclids in unsaturated and saturated (groundwater)
zones. In nature goethite could be initiated as a result of corrosion of steel waste drums, engineering
barrier reinforcement steel or as impurities in the soil around the disposal sites. Colloidal particles are
potential vehicles for pollutants, migrating rapidly through the medium because of their average
velocity within the solid medium which is somewhat greater than the solute average velocity. It has
been reported that mobile subsurface colloids can carry groundwater contaminants adsorbed onto their
surfaces [1]. In liquid waste disposal projects, groundwater quality can be endangered by suspended
clay and silt particles migrating from the formation adjacent to the well bore. McCarthy and Zachara
[2] noted that failure to account for the role of colloids in facilitating contaminant transport can lead
to serious underestimation of the distances the groundwater contaminants can migrate. Puls and
Powell [3] studied some parameters such as flow rate, pH, ionic strength, electrolyte composition, and
colloid size, in studying arsenate transport in the presence of Fe2O3 particles in a sand and gravel
column. The colloid breakthrough was highly affected by its particle size and anionic composition of
the electrolyte. Satmark et al.[4] studied the chemical effects of goethite colloid on the transport of
137Cs, 22Na, and 131I through a quartz-packed column. They concluded that pH is a controlling
parameter for goethite transport. At pH 4, goethite is strongly retained by the quartz and the
deposition seems to be irreversible. A small alteration of the breakthrough curve for cesium was
noticed compared to the tritiated water at pH 4 and 10.5. No such effect was seen for sodium at these
pHs. Goethite has no effect on the transport of Na at pH 10.5.

In this work, the transport of UO 2 (NO3)2.6 H 2 O , uranyl nitrate hydrate (UNH) was studied in the
presence and absence of goethite colloid . All the experiments were conducted at room temperature
(25±2°C) using NaCl solution and Inshas groundwater..
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2. MATERIALS AND METHODS

2.1 Synthesis of Goethite Colloid Particles(a-FeOOH)

All the chemicals used in this work are Analar Grade Reagent. Solutions were prepared using double
distilled water (DW) from a Milli-Q plus water purification system which had a resistivity of 18.0
MQ.cm and a pH range of 3.74-4.0. Goethite colloid particles were prepared according to the
method of Atkinson et al.[5], using Fe(NO3)3. The pH of the Fe(NO3)3 solution was rapidly raised to
pH 11.8-12.0 by addition of NaOH and then hydrated and aged for 5 days at a 63°C temperature oven
to allow conversion of Fe(NO3)3 to a mixed-valence, then crystallized to precipitate oc-FeOOH [1].
The surface area using N2 - BET adsorption method and density were determined to be 51.8 m2/g
and 4.81 cmVg respectively. Wedron-510 is a commercial silica sand , mainly quartz [1] purchased
from Wedron Silica, USA. The 238U(VI) used in this study is in the form (UO2(NO3)2.6H2O), its
molecular weight is 502.13. The UNH purchased from Fisher, USA.

2.2 Measuring Techniques

The U(VI) measurements made by the UA-3 Scientrex instrument are based on the fluorescence of a
uranyl complex formed by addition of a reagent to the sample during analysis with a sensitivity better
than 0.05 ppb of uranium, it was produced by Scientrex, Canada. Coulter multisizer II was used to
determine the number of goethite colloidal particles, it was produced by coulter scientific
instruments, USA.

2.3 Procedure

The transport of UO2(NO3)2.6H2O and UO2(NO3)2.6H2O / colloidal goethite in saturated porous
medium experiments were conducted using a 2.5 cm diameter by 15.0 cm long Plexiglass column was
filled with 130.0 g of wedron-510 sand and saturated with 18.1 g deionized distilled water (pore
volume). To check the backing of the column with wedron-510 sand and the flow of chemical solution
through the column, and the dispersion along the column and there is no channeling, clean bed
breakthrough curve experiments were conducted. Potassium sulfate (K2SO4) tracer was used [1].

About 110 ppm SC^were pumped in the saturated wedron-510 sand column. The anion SO ~A was used
to obtain a continuous and an input pulse breakthrough curve. About 200 ml of NaCl contains 75 ppm
CaCO3 were pumped bottom up of the column.

The experimental setup is shown in Fig.l. One ml of 18 mM UO2(NO3)2.6H2O was added to the NaCl
buffer solution. One ml of colloidal goethite containing about 5.0x107 particles was added to the
chemical solution in the case of studying the effect of goethite colloid on the transport of
UO2(NO3)2.6H2O. The flow rate of pumping the solution was 1.0 ml/min giving 0.5 pore volume per 8
minutes. The ionic strength range of NaCl studied was lO^-lO^M and the pH's were 7.5 and 10.5.

3. RESULTS AND DISCUSSIONS

It was-found that the transport of U(VI) depends on the hydrology of the system, species of uranium
(VI), the adsorption/desorption of U(VI) onto both the goethite and the wedron-510 sand surfaces [1].

Figure 2. shows that the major species of U(VI) are UO2 + , (UO2)2CO3(OH)3~, UO2(OH)J, and

UO2(OH)4~ using EQ3NR/EQ6 computer code [6]. The flow in the porous medium is described by
Darcy's velocity [7]. The pore velocity is given by:

T . kpg dh
V = ~ "IT (1)

COT) dl
where k is the permeability calculated to be (4.0 x 10 "7 cm2), p is the water density (1000kg/m3),
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g is the acceleration of gravity (9.8 m/s2), h is the hydraulic head (m), 1 is the distance between two
head points, r|is the viscosity of the water at 25 ° C equalls to 0.891xl0"3 kg/m.s, and ©is the

porosity of the porous medium found to be 0.30 [1]. The quantity —— is the hydraulic conductivity

of the system found to be 4.4xlO"2 cm/s. The pore velocity (V) was found to be 1.45xlO"2 cm/s . Peclet
and Reynold's number were found to be 2.92 and 1.03 respectively, which suggest that the flow in
the system is laminar and dependent on the dispersion as well as the advection. Figure 3. shows that
the transport of UNH was retarded in Inshas groundwater in the presence of goethite colloid. This
could .be attributed to the decrease the adsorption of UNH as aresult of the competition with Na+, K2+

and Mg2+ cations present in the groundwater [1]. At pH 7.5, the transport of U(VI) at 10"4M NaCl was
retarded , while it facilitated at 10"3 and 10"2 M NaCl in the presence of goethite colloid (Fig.4.). On
the other hand , at pH 10.5 the transport of U(VI) was facilitated in the presence of goethite colloid
(Fig.5.). This could be attributed to the repulsion force between the U(VI) species (Fig.2.) and the
negative charged surfaces of quartz and goethite at pH 10.5.
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TABLE I: COMPOSITION OF CHEMICAL SOLUTION

Species

HCO~3

u o 2
+ +

NO'3
Na+

cr
PH

Concentration
mg/L

46.4
22.69
10.42
23.0
30.4
35.0
7.5 or 10.5

Table I: Composition of chemical solution
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Captions of figures:

Fig.l. The experimental setup of breakthrough curves experiments.

Fig.2. Speciation of uranium (VI) /CaCCb as a function of pH at 10'2 M NaCl solution at room
temperature (25 ± 2 ° C).

Fig. 3. Effect of goethite colloid on the transport of UNH in saturated porous wedron-510 sand in
Inshas groundwater compared with K2SO4 tracer (25 ± 2 ° C).

Fig.4. Effect of goethit colloid on the transport of UNH in saturated porous wedron-510 sand at
different ionic strengths at room temperature (25 + 2 ° C) at pH 7.5.

Fig. 5. Effect of goethit colloid on the transport of UNH in saturated porous wedron-510 sand at
different ionic strengths at room temperature at room temperature (25 ± 2 ° C) at pH 10.5.
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WASTE AND REPOSITORIES IN RUSSIA AND OTHER STATES OF
THE FORMER USSR

L. SCHNEIDER, CH. HERZOG
Stoller Ingenieurtechnik GmbH, Dresden
Germany

Abstract

The nuclear industry in Russia and other states of the former USSR contents the whole
nuclear fuel cycle - Uranium mining, fuel element production, nuclear power and research
reactors, nuclear powered ships and reprocessing of nuclear fuel. High amounts of
radioactive waste are already disposed at the sites of these industrial centers and further
radioactive waste is arising in production, reprocessing and decommissioning processes.
Spent fuel elements are reprocessed or stored onsite. Solid and liquid wastes are disposed
near surface at the sites of nuclear power plants, radiochemical plants, "Radon"- and other
sites. High volumes of high-, medium- and low-level liquid waste with high radioactivity
has been injected into deep geologic formations at the sites of radiochemical plants. In
Russia perspective all spent fuel elements shall be reprocessed and dry storage facilities are
planned for long term storage until reprocessing. Repositories for solid waste are foreseen
in deep geological formations (e.g. salt, granite) at several sites.

1. NUCLEAR INDUSTRY

There is a broad international co-operation in the field of the research and development for
the disposal of radioactive wastes. The states of the former East Bloc, however, had shut
themselves off from this co-operation to a very large extent. In particular, this refers to the
complete information on their own research activities and results. The R&D results that
were subject to utmost secrecy in the past became accessible after the breakdown of the
political structures in the former East Bloc.

The economic structure in the countries of the former Soviet Union was strictly centralized
up to its breakdown. More than 80% both of the industrial and also of the research
capacities are situated in the extended area Moscow / St. Peterburg. This has determined
essentially also the structure of power generation and of radionuclide utilization so, that
more than 85% of the waste arising of the nuclear power plants and the radionuclide
application of all CIS states is still arising in Russia also after the breakdown of the Soviet
Union.

The arising of radioactive wastes from the uranium ore mining and fuel element production
is spread over Russia, Ukraine, Kazakhstan and Tadshikistan on the whole. Moreover, also
contracts between Russia and non-CIS states with Russian-type reactors exist obviously in
which it is provided that Russia takes back spent fuel elements as valuable material without
returning the wastes to these countries.
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Therefore, potential or existing final repositories respectively, are closely connected with
the producers of radioactive wastes. In the CIS states these are the sectors:

(a) Nuclear power plants in Russia, Ukraine, Lithuania, Kazakhstan and Armenia
(b) Fuel supply (uranium ore mining, conditioning, fuel and fuel element production),
(c) Fuel reprocessing and disposal (production association (PV) "Mayak", Chelyabinsk),
(d) Application and production of radionuclides,
(e) Nuclear-powered ships (civilians and military range),
(f) Test areas for nuclear weapons and locations of industrially used nuclear explosions.

TABLE 1: SURVEY ON THE NUCLEAR INDUSTRY IN THE FORMER USSR

Possession of nuclear weapons

Production of nuclear weapons,
%

Civilians fleet, ships with
nuclear plants, %

Reactors

Number

Power, GW

Research reactors

Uranium mining and
reconditioning, %

Conditioning of uranium, %

Production of UO2-pellets, %

Production of fuel elements, %

Recondition of spent fuel
elements, %

Treatment of highly radioactive
wastes, %

Russia

+

100

100

29

21.24

27

40

100

20

100

100

100

Ukraine

+

-

-

14

12.82

2

20

_

_

-

-

Belo-
russia

+

-

-

-

1

-

_

-

-

Kazakh-
stan

+

-

-

1

0.08

4

10

80

_

-

-

Central
Asia

_

-

-

-

1

30

_

_

-

-

Trans-
kaukasus

_

-

-

2

0.8

1

-

_

_

-

-

Baltic
states

_

-

-

2

2.5

1

-

_

-

-

+ existing - not existing

2. STORAGE AND DISPOSAL OF RADIOACTIVE WASTE

The locations of nuclear power plants are simultaneously the final repository sites (near-
surface) for low and medium active operational wastes (including short-lived wastes of high
specific activity). Fuel elements from the nuclear power plants of the type WWER are fed
to the reprocessing after interim storage at the location of the nuclear power plant. Spent
fuel from WWER-440- and from research reactors is reprocessed in the reprocessing plant
RT (production association "Mayak", Chelyabinsk). In Russia perspective all spent fuel
elements shall be reprocessed (concept of closed fuel cycle) and dry storage facilities are
planned for long term storage until reprocessing
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But at present no reprocessing is possible for spent fuel elements of the RMBK reactors.
The way of disposal (final repository)or reprocessing is not yet clear. They are interim
stored at the location of arising or partly in the reprocessing plants respectively.

In Russia, wastes from the application and production of radionuclides have been collected,
conditioned and interim or finally disposed, respectively (near-surface storage) by the works
of the group "RADON" (with altogether 35 interim repositories).

The wastes from the uranium ore mining were and are deposited on waste dumps and in
sedimentation pits at the location of the works.
The interim and final disposal of medium and highly radioactive wastes from the
reprocessing is partly realized in the underground (injection into permeable layers) and
above ground (tanks, but also open basins covered with clay).

Thus, in the successor states of the USSR approximately 1,000 interim and final repository
sites for radioactive wastes exist in the areas of nuclear plants as well as of the application
and production of radionuclides. Summing up it can be stated that at present the final
disposal of mainly short-lived operational wastes from nuclear power plants (with partly
high radioactivity) is essentially made near-surface at the location of arising.

To an increasing extent a high value is set on the dimensioning of engineered safety barriers
in the sense of the multi-barrier concept.

TABLE 2: SURVEY ON INTERIM-STORED AND DISPOSED RADIOACTIVE
WASTES

Kind of waste

Spent nuclear fuel

Solid and liquid wastes

Quantity

7,0001

1,0001

465 t

38 t

3.5xl04m3

3.3xl04m3

4.0xl08 m3

1.0xl08m3

2.0xl05 m3

3.8xl05m3

Activity, Bq

1.4xlO20

1.9xlO19

3.9xl018

1.2xlO18

2.8xlO19

8.1xlO14

2.6xlO19

6.8xlO15

7.4xlO16

1.7xlO15

Location of storage

Nuclear power plants

BCK (RT2)

PA "Mayak" (RT)

Naval bases, research reactors

PA "Mayak" (RT)

Naval bases

Radiochemical plants

Waste dumps, sedimentation
pits of the uranium mining and
conditioning

"RADON "-sites

Nuclear power plants
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The previous disposal of liquid long-lived radioactive wastes in geological formations, the
numerous underground nuclear explosions and the sending of nuclear-powered ships to the
bottom of the Arctic Ocean were hitherto the only applied methods to dispose highly active
wastes.

Since 1960 about 50,000,000 m3 liquid waste with an activity of about 3xl019 Bq were
injected into deep porous layers at the sites Tomsk-7, Krasnoyarsk-26 and Dimitrovgrad.
In 1965 till 1988 in the republics of the former USSR 128 underground explosions at 115
sites with industrial and geological objectives were carried out.

Other quality standards compared with the international level, partly higher limit values
with regard to radiation protection, a bad material-technical basis and the strict secrecy had
and have effects on the realization of the disposal ways and the "Safety culture" at the
operation of nuclear power plants.

3. DISPOSAL PROJECTS

Final repositories that will meet international standards are being in the planning phase.
Consequently, a large share of the planned regional final repositories may be associated
with the nuclear power plant locations and also with all large industrial areas, with all
locations of uranium production, fuel element production and regeneration as well as with
naval bases and test areas for nuclear weapons.

In future, it is intended to use a decommissioned uranium mine and to realize
reconnaissance of final repository sites in clay, salt and crystalline rock formations. There
are concepts for the erection of such final repositories of different development stage.
Advanced concepts concern for instance projects at Novaya Semlya (permafrost region) and
in the region near St. Peterburg (clay).

In connection with the safe disposal of radioactive wastes with long-lived radionuclides, the
following projects are partly practically and partly theoretically realized with very different
depth of treatment:

(a) Fractionation in short-lived wastes, fission products and transplutonium elements with a
multi-barrier concept of interim and final disposal that is matched to the kind of wastes,

(b) Utilization of the existing caverns from nuclear explosions with the objective of
industrial use for final disposal in deep underground (salt, solid rocks),

(c) Transmutation of long-lived radionuclides (with half-life > 100,000 years),
(d) Final repositories in the interior of earth,
(e) Disposal in the outer space.
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Abstract

Low level radioactive waste (LLW) can contain non-radioactive as well as radioactive contaminants.
However, very few long-term safety assessments of LLW disposal have included quantitative
evaluation of the environmental impacts of the non-radioactive contaminants in the wastes since it is
commonly assumed that their impacts will be small compared with those of the radioactive
contaminants. To test this assumption, QuantiSci Limited has undertaken two studies for the
European Commission. The first study investigated the application of safety assessment approaches
developed for radioactive contaminants to the assessment of non-radioactive contaminants in LLW.
It demonstrated how disposal limits could be derived for a range of non-radioactive contaminants and
generic disposal facilities. Generic, acceptable disposal levels were calculated for a variety of non-
radioactive contaminants that would allow the presence of the waste streams in the range of disposal
facilities considered. The second study used the same approach but undertook more detailed,
disposal system specific calculations, assessing the impacts of both the non-radioactive and
radioactive contaminants. The more detailed system and waste stream specific calculations generally
implied less restrictive disposal limits for the non-radioactive contaminants. The calculations also
indicated that it is prudent to consider non-radioactive as well as radioactive contaminants when
assessing the impacts of LLW disposal.

1. INTRODUCTION

Both radioactive wastes and non-radioactive hazardous wastes have to be isolated to some degree
from the environment. Quantitative assessments of the effects on humans and the environment of the
disposal of such wastes is a key tool in justifying decisions on the degree of waste isolation required.

Nuclear safety authorities and organisations responsible for radioactive waste management have
developed safety assessment approaches and criteria based on exposure scenarios and risk evaluation.
These methods allow rational decisions to be made on the most suitable disposal route for different
types of radioactive waste. In 1995, QuantiSci Limited completed a contract for DGXI (now known
as DG Environment) of the European Commission (EC) to investigate the application of such
methods and criteria to the assessment of non-radioactive contaminants found in low level radioactive
waste (LLW) streams [1]. The study demonstrated how disposal limits could be derived for a range of
non-radioactive contaminants and disposal facilities consistent with human health and environmental
quality standards. Generic, acceptable disposal levels were calculated for a range of organic and
inorganic non-radioactive contaminants commonly found in LLW streams for selected shallow and
deep disposal facilities. These levels were then compared with concentrations of the corresponding
contaminants in representative waste streams to illustrate how the approach could be used to help
determine appropriate disposal options for these waste streams. It was concluded that whilst many of
the waste streams considered had non-radioactive contaminant concentrations above the
conservatively derived acceptable levels for shallow disposal, more detailed waste and disposal
system specific calculations could be expected to show that most waste streams were likely to be
acceptable for disposal in an appropriately sited and/or engineered shallow facility.
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In light of the above conclusion, a follow up study was undertaken using more detailed waste and
facility specific calculations. This follow up study is documented in [2] and summarised below.

2. APPROACH

The follow up study followed the basic philosophy of the initial study, but the broad simplifications
employed were replaced by more waste and disposal system specific data and more detailed
assessment modelling was undertaken. In addition, the impacts of both radioactive and non-
radioactive contaminants were considered.

The LLW streams considered were taken from those that had been shown to be potentially
problematic in terms of disposal to a shallow facility in the initial study, namely:
• decommissioning steels;
• evaporator concentrates;
• redundant fuel flasks; and
• a large volume operational LLW stream.

Inventories were derived for each LLW stream, for both non-radioactive and radioactive
contaminants, which were adequate to define the waste characteristics required for the post-closure
safety assessment calculations to be undertaken. Inorganic non-radioactive contaminants were
considered for all four waste streams, and potential concentrations of some organic non-radioactive
solvents were included for the operational low level waste stream. In the case of decommissioning
steels, the waste stream was divided into two sub-streams according to whether the radioactivity was
due to surface contamination or activation throughout the volume of the waste.

Consistent with the initial study, four categories of shallow land disposal systems were identified
with increasing levels of containment. Unlike the generic disposal systems considered in the initial
study, the disposal facility, geosphere and biosphere characteristics considered were based on real
sites in the United Kingdom and Italy. However, it should be noted that none of the illustrative
disposal systems have actually received the LLW waste streams identified, and so the assessment
calculations undertaken must be seen as being purely hypothetical.

In order to calculate the impacts of the LLW waste stream contaminants on humans and the
environment, the following assessment end points were considered:
• contaminant concentrations in air, water and soil;
• exposure rates of humans; and
• human cancer risks.

Six scenarios and associated Features, Events and Processes (FEPs) were selected:
• a groundwater scenario;
• a bathtubbing scenario;
• a gas scenario;
• an intruder scenario;
• a site dweller scenario; and
• an erosion scenario.

Conceptual models associated with each of the scenarios and disposal systems were derived. In each
case, the conceptual model identified the contaminant release, transport media and human exposure
mechanisms.

An integrated calculational approach was developed that allowed for system and waste specific
factors to be taken into account for liquid, gaseous and solid releases from the disposal facilities.

41



3. RESULTS AND DISCUSSION

The results of the assessment calculations showed that, whilst the disposal of contaminants in one or
more of the LLW streams could give rise to potentially unacceptable impacts for the disposal systems
with lower levels of containment and engineering, disposal to the system with the highest level of
engineering was considered to be generally acceptable due to the higher degree of isolation of the
waste and associated contaminants from humans and the surface environment. This supports the
conclusion drawn from the initial study that more detailed waste and system specific calculations
could be expected to show that concentrations of non-radioactive contaminants in most LLW streams
are likely to be acceptable for disposal in an appropriate shallow facility.

Through the use of an "Exceedance Quotient" approach1, it was possible to compare the impacts of
radioactive and non-radioactive contaminants. The impacts were generally greater for the non-
radioactive inorganic contaminants for the four LLW waste streams considered. This is due to a
number of factors including: the more persistent nature of the non-radioactive inorganic contaminants
resulting in their greater importance for the long-term scenarios assessed (groundwater, bathtubbing
and erosion); the potentially more restrictive nature of the assessment end points for non-radioactive
contaminants which explicitly rather than implicitly consider impacts upon non-human biota and the
wider environment as well as humans; and differences in the treatment of uncertainties in exposure-
human health effects for radioactive and non-radioactive contaminants.

The scenario associated with the highest impact varied depending upon the combination of the
disposal system and waste stream, although the erosion and intruder scenarios most frequently
resulted in exceedances. This highlights the need to consider each disposal system separately and to
consider a range of scenarios rather than limit consideration to a single generic disposal system and
one or two scenarios. The probability of the scenario occurring and the timing of the peak impact
from the scenario should also be considered. In certain cases, implied timescales could extend over
thousands of years. In such cases, the applicability of the calculational approach adopted and results
generated must be carefully reviewed.

The results generally indicated that greater engineering of the disposal facility reduces the impacts of
contaminants on humans and the environment. However, care must be taken to ensure that the degree
of engineering is appropriate, not only for the operational phase of the facility but for the long-term
post-operational phase. Delaying the release of certain contaminants to the surface environment,
through the use of additional engineering measures, can have limited effect on their associated
impacts, especially if these are dominated by long-term scenarios such as the erosion scenario. In
extreme cases, greater isolation might possibly result in slightly greater impacts - this reflects the
"dilute and disperse" versus the "isolate and contain" argument. Thus care must be taken to ensure
that increased isolation does not potentially lead to greater impacts.

The results also showed that the more detailed system and waste stream specific calculations
generally imply less restrictive disposal limits for the non-radioactive contaminants than those
derived from the initial more generic study. Typically the limiting disposal levels derived were
between a factor of two and one hundred less restrictive than those derived previously. This is
because an attempt was made to ensure the conservatively derived shallow disposal levels calculated
in the initial study were levels "below which one could be confident that shallow disposal would not
result in any unacceptable risk". This has shown to be true for vast majority of cases considered,
however there are two exceptions. These resulted from differences between the site-specific systems
considered in [I] and [2]. This highlights the need to use limiting levels derived from the assessment
of generic systems with care, and the need to use site specific levels in preference. This is especially

1 The Exceedance Quotient is calculated by dividing the calculated value of the assessment end point
(e.g. concentration in a medium; human intake; human dose; cancer risk) by the acceptable limit for
the assessment end point (e.g. environmental quality standard; intake level; dose constraint; risk
target). The acceptable limit is exceeded if the Exceedance Quotient is greater than unity.
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the case if the limiting scenario is associated with the leaching of contaminants into groundwater.
Different disposal facilities, geospheres and biospheres can offer radically different degrees of
attenuation and dilution resulting in differing disposal limits based on the groundwater scenario.

4. CONCLUSIONS

If a consistent approach is to be taken to radiological and other contaminant hazards, there is a need
to ensure that for LLW streams the impacts of the non-radioactive, as well as the radioactive
contaminants, are assessed when deciding upon suitable disposal options.

There remains scope for further work on a number of issues in order to facilitate the comparison of
the impacts from radioactive and non-radioactive contaminants. These include reducing the
uncertainties associated with contaminant inventories (especially inventories of non-radioactive
contaminants), and considering the health impacts of radioactive and non-radioactive contaminants
on a more directly comparable basis. Consideration could also be given to the application of the
approach employed in the QuantiSci studies to other radioactive waste streams such as naturally
occurring radioactive material and uranium mill tailings.
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Abstract

The UK has a wide range of intermediate level wastes stored at a number of locations. There are
various projects in place, or envisaged by operators, to retrieve, treat and condition these wastes for
interim storage and eventual disposal.

Currently UK government policy for the long-term management of intermediate level wastes (ILW) is
under review following the rejection, in 1997, of a planning application for the establishment of an
underground rock characterisation facility. Consequently there is currently considerable uncertainty
on the future fate of these wastes - a position that will not change for several years.

The recent loss of a repository development programme and consequent uncertainty on the timing and
requirements for long term disposal is causing particular difficulties where operators are looking to
make decisions in the short term on conditioned wasteforms.

This paper discusses the problems caused by these uncertainties and the steps being taken by the
Environment Agency to ensure so far as is practicable, having regard to the requirements for safe
long-term storage, that future disposability of wastes is not jeopardised by actions taken in the short
term.

1. INTRODUCTION

The UK programme to establish a deep repository for the disposal of intermediate level radioactive
wastes (ILW) was halted in March 97, when a planning application for the construction of an
underground "rock characterisation facility" in Cumbria, North West England, was turned down.

Within the UK classification, "ILW" has an activity content >4GBq/t alpha or >12GBq/t beta/gamma.
The UK Government is expected to give wide consideration to the possible options to provide a long-
term solution for the management of these wastes. This is likely to involve one or more exercises to
consult widely on how such a solution should be chosen and what form a solution should take. This
effectively means that the UK is some years from finalising the future development programme, and
decades away from establishing disposal facilities for ILW.

This paper discusses the problems caused by the absence of a repository development programme and
what steps are being taken by the Environment Agency to ensure that future disposability of wastes is
not jeopardised by actions taken in the short term.

2. UNDERLYING PRINCIPLES

Internationally agreed principles for radioactive waste management have been set out by IAEA [I].
Principle 8 of these "Safety Fundamentals" sets out the need to take into account interdependencies in
the main waste management steps (essentially pretreatment, treatment, conditioning and disposal). In
particular there is a need to be aware that decisions made at any one step may foreclose alternatives or
otherwise affect subsequent steps, particularly disposal, and this should be taken into account when
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any one radioactive waste management activity is being considered. Other relevant principles [1] are
that radioactive waste management will be undertaken in such a way that undue burdens should not be
imposed on future generations of people, and that creation of waste should be kept to a minimum.

UK government policy on radioactive waste disposal was last set out in 1995 [2] and is consistent
with the Safety Fundamentals' principles described above. It requires decisions by operators and
regulators to have regard to all relevant factors when considering the early treatment of waste. Factors
which relate to the subsequent disposal, and to environmental releases, include:

• the risk that treated waste will be incompatible with future disposal requirements;
• the practicability of reworking treated waste in the future, should this be necessary;
• the need to minimise waste degeneration;
• the need to minimise secondary waste arisings;
• the need to minimise releases to the environment;
• the retrievability of waste for disposal.

Although UK government policy is currently under review, the Environment Agency is satisfied that
these factors continue to be relevant to the Agency's regulatory considerations.

3. CURRENT UK ARRANGEMENTS

Regulatory responsibilities in the UK concerning radioactive waste management are split between the
Environment Agencies (that is, the Environment Agency in England and Wales, and the Scottish
Environmental Protection Agency in Scotland) and the Nuclear Installations Inspectorate (Nil). The
Environment Agency is responsible for regulating the disposal of radioactive wastes, whereas the Nil
has regulatory responsibilities for the on-site management of radioactive wastes on "nuclear licensed
sites" (nuclear power stations, fuel fabrication and reprocessing plants and other major facilities).

HSE and the Environment Agency have set down and jointly agreed their responsibilities and working
arrangements on matters of joint interest, within a "Memorandum of Understanding". One aspect of
this is that an operator wishing to condition radioactive wastes must first seek permission to do so
from the NIL In such circumstances the Nil consult the Environment Agency, who take into account
the types of factors listed in Section 2 above. Under this arrangement, the Nil will consider the
implications such conditioning would have for changes to the safety case for the site where
conditioning is being carried out, whilst the Environment Agency will consider the implications for
off-site impact (due to liquid and gaseous releases) and the future disposability of wastes.

United Kingdom Nirex Ltd ("Nirex") is a company that was established by the UK nuclear industry to
develop deep repository and associated transport systems for ILW and some low level wastes (LLW).
In the absence of a specific repository site, a finalised design or an associated safety case, Nirex is not
in a position to issue Conditions for Acceptance that can be used by packagers of waste. Nirex has
therefore developed a strategy to facilitate early waste packaging by providing waste package
specifications, intended as a conservative set of requirements that should not restrict future choice of
repository site or design. Nirex also provides a service to the industry of formally assessing packaging
proposals against envisaged requirements.

4. CURRENT PRACTICAL PROBLEMS

Over the last 50 years the UK has produced a very wide range of intermediate level wastes from a
variety of civil and defence programmes. Some of these plants and their associated storage facilities
have reached or are reaching the end of their operational lives. Consequently operators are now
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obliged to address the treatment and conditioning of these wastes, for reasons which include a desire
to reduce operating costs and future liabilities, and to reduce risks associated with ageing stores.
Many of the plans put into place to retrieve, treat and condition waste were conceived at a time when
the early establishment of a deep repository was envisaged. The recent loss of a repository
development programme is causing particular difficulties in the UK.

Ideally, in order in order to define properly the final form of packages, we need to know how the
packages are to be dealt with at all stages and what performance is expected of them. The associated
information requirements include:

• the geological setting for a repository and its design;
• the final repository safety case, based on the relevant features, events and processes;
• the form of licence to be used for a repository and the technical details of how this will be

interpreted;
• the timing of emplacement and backfilling in a repository and consequently the periods for which

waste packages are to be held in interim stores and in a repository before backfilling;
• the degree of retrievability required after emplacement of packages in a repository.

The Environment Agency considers that optimisation of the waste management system is an
important consideration. In order to ensure that the radiological detriment to members of the public
resulting from disposals should be ALARA, a conscious effort should be made to ensure that
optimisation is demonstrated at all stages of repository development, including establishing the
standards for packages to be disposed of in a repository. The Agency has recently set out its thinking
in this context [3]. In the current UK position decisions are having to be taken at a time when there
are a number of uncertainties in the programme. It is therefore appropriate that careful consideration
is given to how decisions are managed in order to ensure that the requirements addressed above are
met.

5. ISSUES CURRENTLY UNDER DISCUSSION IN THE UK

In a number of instances, the treatment and packaging of raw wastes presents on opportunity for the
solidification of these wastes, by grouting or other means. In some cases such action provides short-
term benefits in terms of a reduced hazard potential during interim storage, for example through
increased package strength, better fire resistance and reduced mobility of wastes. However the
implications of such action for the eventual disposability, and for any release to the environment
should also be addressed. Reworking of packages containing solidified wastes can be extremely
difficult and expensive and any reasons why the solidified wasteform may not be suitable for disposal
must be carefully considered. In order to reduce, if not eliminate, uncertainty about disposability, the
Agency is proposing to require assessment of the consequences of disposal of proposed wasteforms
within a range of possible scenarios. These would certainly include a range of geological settings,
assumptions about retrievability and timing of disposal.

Two issues, which are already being carefully considered in cases where early conditioning is being
planned, are given below:

Criticality Any safety case for a repository will include consideration of the potential for post-closure
criticality if the wastes include significant quantities of fissile material. A recent study commissioned
by the Environment Agency [4] has indicated that criticality is likely to be a low probability event
with relatively small consequences in terms of overall repository safety.

The Agency has considered the merits of a single regulatory limit for fissile material in individual
packages. However this approach is not favoured as there are other approaches to assure post closure
criticality safety for a repository. Dilution of waste to achieve a package limit will give rise to
increased secondary waste arisings and additional volumes of waste to be transported and disposed of.
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The Agency has therefore decided that it is appropriate to deal with fissile contents on a case by base
basis and that it will be for waste packaging organisations to make the case for the disposability of
higher fissile contents.

Stored Wigner energy in graphite Graphite has been used in most UK research and commercial
reactors as moderators, reflectors and sometimes as components of fuel elements. When irradiated at
low temperatures to moderately high doses stored "Wigner" energy due to fast neutron irradiation can
accumulate. This energy can be released if the graphite is subsequently heated to temperatures above
the original irradiation temperature. As irradiation damage will also lower the temperature at which
graphite will oxidise in air, a large release of Wigner energy can lead to a graphite fire. Reactivity in
air also increases with higher levels of graphite impurity.

A number of sources of graphite, particularly the Windscale Piles and some research reactors were
irradiated at low temperatures and it is possible that the increase in temperature in a deep repository
could trigger energy release. This raises issues of what treatment should be carried out prior to
packaging; in particular whether graphite should be "annealed" to enable a controlled release of
stored energy prior to packaging. An additional consideration is whether packaged graphite should be
grouted at an early stage; grout will reduce the amount of oxygen available for reaction in the event of
energy release, but the heat of reaction from grout could itself trigger an energy release.

6. THE WAY FORWARD

The situation described above presents difficulties and there is scope for improving the way in which
operators' proposals for radioactive waste conditioning are dealt with in the UK. There is a pressing
need to ensure that operators are fully aware of the expectations of the Environment Agency in cases
involving proposals for waste conditioning and storage. Even though the establishment of disposal
facilities in the UK is now many years away, the Agency has to start from a presumption that any
waste conditioning proposal may have consequences for the ultimate disposal of the waste, and to
review such proposals accordingly. The Agency consider that Site Licensees need to take full
responsibility for proposals involving waste conditioning and storage, and to address all relevant
factors set out in the Government White Paper Cm 2919. In order to provide a framework for the
production and assessment of submissions, the Agency is preparing guidance for the use of operators
and its staff that will set out the matters to be addressed. The Agency is planning to consult on a draft
of the guidance in mid-2000.
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Abstract

Large numbers of spent radiation sources from the medical and other technical professions exist in
many countries, even countries that do not possess facilities related to the nuclear fuel cycle, that
have to be disposed. This is particularly the case in Africa, South America and some members of the
Russian Federation. Since these sources need to be handled separately from the other types of
radioactive waste, mainly because of their activity to volume ratio, countries (even those with access
to operational repositories) find it difficult to manage and dispose this waste. This has led to the use
of boreholes as disposal units for these spent sources by some members of the Russian Federation
and in South Africa. However, the relatively shallow boreholes used by these countries are not
suitable for the disposal of isotopes with long half-lifes, such as 226Ra and 241Am. With this in mind
the Atomic Energy Corporation of South Africa initiated the development of the BOSS disposal
concept n an acronym for Borehole disposal Of Spent Sources n as part of an International Atomic
Energy Agency (IAEA) AFRA 1-14 Technical Corporation (TC) project. In this paper, an initial
assessment of long-term postclosure safety of the concept is discussed.

1. POSTCLOSURE SAFETY OF BOREHOLES

Borehole disposal has been proposed by various countries for two primary reasons: to reduce
occupational exposures associated with high-gamma sources, and to reduce potential exposures of
inadvertent intruders to long-lived wastes. In the context of long-term postclosure safety assessment,
the first of these two reasons is of secondary importance, and is not discussed further here. The
second of these reasons is more significant for postclosure safety assessments.

Concentrations in waste acceptable for near-surface disposal are typically limited by assessments of
doses to inadvertent intruders. International guidance on acceptable concentrations has been provided
by NEA [1] and by IAEA [2]. These studies, together with earlier work by the U.S. Nuclear
Regulatory Commission [3,4] form the basis for current concepts in the radioactive waste
management community as to acceptable concentrations in near-surface disposal. Those concepts
would suggest that waste with concentrations in the ranges found in spent sources is inappropriate for
near-surface disposal. As these documents form the current basis for much of the world's
concentration-based waste acceptance criteria for near-surface disposal, thoughtless use of these
numbers would suggest that spent sources should not be disposed of in the near surface. The
proposed use of borehole disposal for these highly active sources challenges that view.

These studies [1,2,3,4] were performed with particular concepts in mind about the disposal design.
Broadly speaking, these studies focus on large-scale facilities comprising vaults or trenches only a
few meters from the ground surface. Scenarios appropriate for such designs include highly disruptive
events such as road or foundation construction, in which the waste is wholly or mostly excavated and
distributed across the ground surface. Such scenarios are inappropriate for the BOSS design, in
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which disposal is intended for 10s to 100s of meters below the ground surface. Consequently, a
formal safety assessment was undertaken to investigate the long-term safety implications of the
BOSS concept.

2. SAFETY ASSESSMENT OF THE BOSS CONCEPT

A preliminary safety assessment of the disposal of spent radium sources was conducted [5]. As a
long-lived waste, radium wastes are believed to present the most stringent test of the BOSS concept
for disposing of spent radioactive sources. As a design basis, the assessment considered disposal of
18.5 GBq of Ra-226 in a single borehole. This value was approximately equivalent to disposing of
the largest known AFRA national inventory of Ra-226 in a single borehole. The assessment was
conducted using currently accepted international practices in safety assessment, as described by
IAEA [6]. A formal analysis of features, events and processes was conducted for this borehole
technology at two representative sites in South Africa. Based on the scenario analysis, it was argued
that human intrusion need not be considered for this technology, owing to the very low likelihood of
intercepting the waste package by a second drilling event. Instead, the scenario analysis suggested
that a likely event would be the drilling of a water well somewhere nearby the repository.
Consequently, minimal credit was assigned to the geological media, and the assessment focused
primarily on releases from the waste packages. An unusual aspect of the assessment was the inclusion
of a scenario associated with excavation of waste by termites, which are known to tunnel to great
depths in Africa in search of water.

Analyses were conducted of releases and transport from the BOSS waste packages. The analyses
considered in detail a sequence of six processes that must occur prior to initiation of releases from the
waste form. These processes are

1. Attack by chloride of the outer stainless steel container,
2. Breach of the container, probably by crevice corrosion at weld points,
3. Diffusion of chloride through the waste form to the inner stainless steel capsule,
4. Breach of the capsule, probably by crevice corrosion at weld points,
5. Water imbibition and contact with the radium waste, and
6. Diffusion of dissolved waste back out through the waste form.

The BOSS design appears to be quite robust in terms of limiting releases to acceptable levels. This
was found to be true for disposal in both saturated and unsaturated conditions, although unsaturated
conditions appear to be preferred. In unsaturated conditions, chemical conditions are more
advantageous for radium, since oxidizing conditions are assured, which tend to lead to low limits on
solubility. In addition, the system exhibits superior hydraulic performance in unsaturated soils. This
combination of effects leads to the conclusion that disposal in unsaturated conditions may be superior
to disposal in saturated conditions.

The only issue of concern remaining for disposal in the unsaturated zone is the potential for
excavation of waste by termites. Analyses conducted suggest that direct intrusion of insects into the
waste form is unlikely, because there is no incentive for the termites to enter the waste form. Instead,
termites may influence the releases by creating a rapid transport pathway for soil adjacent to the
waste form directly to the surface. Unfortunately, many types of data needed for a reasonable
assessment of the termite pathway are currently unavailable. Estimates suggest that the species
Hodotermes mossambicus is capable of excavating soil at a rate of approximately 0.9 kg m"2 d'1

(Picker et al., 1989), so significant excavation is possible. Because of these uncertainties, quite
conservative approaches were used in the assessment of this pathway, with the expectation that the
current uncertainties will be resolved by additional studies. The approaches used in the safety
assessment are likely to be very conservative, and the doses calculated for termite excavation are
likely to be significant overestimates. Despite these conservative approaches, doses calculated for
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this pathway were higher than acceptable from the dose constraint, but were not extremely high. It is
likely that additional evaluations with improved information about this pathway will demonstrate
appropriate doses.

3. SAFETY-RELATED RECOMMENDATIONS FOR BOSS DISPOSAL

The waste package design was minimal, and this minimal design exhibited satisfactory performance.
It is recommended that more exotic materials or designs should not be considered further. Stainless
steels appear to be adequate for the design.

The assessment assumed a high loading of radium needles in a waste package, and a high loading of
waste packages in a borehole. Despite this level of loading, the disposal facilities demonstrated
acceptable levels of safety for the conditions considered. It was concluded from this evaluation that
the waste package need not be limited in inventory.

These conclusions are dependent on the formation of a good waste form. Consequently, strict quality
assurance requirements should be imposed on the creation of the waste form. These requirements
should be written into waste acceptance criteria, and should be derived from the necessary long-term
performance of the waste package.

The safety assessment used only bounding representations of radionuclide behavior in the geosphere.
Despite the use of these bounding representations, the disposal technology demonstrated an ability to
meet acceptable safety limitations. This suggests that the acceptability of BOSS disposal is not likely
to be strongly influenced by siting criteria. However, basic good practice of radioactive waste
disposal is to use a multiple-barrier concept. That is, the geosphere should be chosen with generally
good site-specific characteristics that will lead to improved performance of the disposal concept. The
most important of these characteristics are

1. Sites should be preferred where low chloride and sulfate content groundwater is prevalent.
Use of this site selection criterion will lead to improved performance of the waste package over the
long term.

2. Sites should be preferred in geologic media in which the groundwater flow is not dominated
by fracture flow. The ideal site in saturated conditions would be disposal in a thick bed of clay,
which would lengthen flow paths to potential wells, would limit migration of chloride and sulfate to
the waste package, and would provide good sorption capacity for released radionuclides. If disposal
in unsaturated conditions is considered, alluvial soils are preferred locations for the boreholes.

3. At this stage of the assessment, it appears that disposal in the unsaturated zone may be
preferred. Additional attention is necessary on the termite pathway to determine if this preference is
correct.

4. Sites should be avoided with strongly reducing conditions in groundwater. Radium solubility
can be adversely affected under such conditions.
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Abstract

As a result of the Chernobyl NPP accident a very large amount of so-called «Chernobyl waste» were
generated in the territory of Belarus, which was contaminated much more than all other countries.
These wastes relate mainly to two following categories: low-level waste (LLW) and new one -
«Conventionally Radioactive Waste» (CRW). Neither regulations nor technology and equipment were
sufficiently developed for such an amount and kind of waste before the accident. It required proper
decisions in respect of regulations, treatment, transportation, disposal of waste, etc.

1. INTRODUCTION

Decontamination and remediation activities in the territories contaminated after Chernobyl
accident resulted in the large volumes of radioactive materials and of other materials which
have activity levels less than LLW, but nevertheless can impact public health and the
environment (Table 1). This type of waste has been included in regulations as so called "
Conventionally Radioactive Waste" (CRW) requiring control and special management. In
some documents it is referred to as "Decontamination Waste" or "Chernobyl Waste". There is
also the analogue in the Ukraine and the United Kingdom called "Very Low Level Waste".
Nearly all of the ash from contaminated biomass-fired facilities is classified as CRW and the
lowest range of LLW, i.e. from 1 kBq/kg to 100 kBq/kg.

TABLE 1. WASTE ARISING AS A RESULT CHERNOBYL ACCIDENT

Radioactive waste

Ash from domestic stoves and
municipal heating systems

Sludge of run-off and sewerage

Decontaminating solutions

Wood waste

Solid waste after demolishing of
the buildings and construction in
Chernobyl areas

Solid loose waste (soil)

Specific activity
(kBq/kg)

5-400

0.1 -15

< 30 kBg/1

0.4 - 60

<0.9

0.1-10

Annual amount
(t/year)

18,300

50,000

40

1,500,000

380,000

1,000

The difficulties in management of these wastes are influenced by:
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- very large amounts of radioactive wastes;
- some wastes are difficult to segregate;
- lack of suitable radioactive waste storage facilities;
- variation specific activity of the wastes, which ranges mainly from 0.4 to 400 kBq/kg.

2. REGULATIONS

The basic regulations that existed in the field of waste management in the former USSR did
not consider wastes generated as the result of remediation nor decontamination activities in
areas polluted by radioactive deposits after a large scale nuclear accident. Also they did not
cover all aspects of waste management, including waste characterization, methods of
treatment and conditioning, quality requirements for final immobilized waste form, conditions
of transportation, storage and disposal performance.

In addition to basic regulations these ad hoc documents were adopted which provide the main
background for waste management concept:

- Generic Control Levels of Intervention, (1993);

- Position on Decontamination and Waste Management for the Waste Generated as a Result
of Actions to Mitigate the Chernobyl Accident Consequences, (1993);

- Regulation on Waste Management after Decontamination and Handling of Materials
Contaminated with Radionuclides, (1993);

- Ad Hoc Rules of Waste Transportation and Disposal Sites Operation, (1994);

- Ad Hoc Regulations on Demolition of Contaminated Buildings and Waste Disposal in the
Abandoned Zone, (1992);

- Regulations on Control of the Decontamination Waste Disposal Sites and Safety
Assurance of Their Operation, (1993), etc.

3 . TREATMENT

The main problem of the treatment of the "Chernobyl waste" is in the form of a volume
reduction, which is achieved by evaporation of liquid waste and compation of solid ones.
Volume reductions of around 5 times are normal for solid waste supercompactors, but it is
necessary to break large sheets of asbestos and similar materials into small fragments for
optimum compaction. Engineered barriers should be used and personal protective clothing
worn in order to protect workers and prevent the spread of asbestos fibres into the
environment.

Incineration of combustible wastes has been practised as a volume reduction technique for
many years, typically reductions of around 100 times are achieved. Woody wastes are suitable
for this process and possibly small quantities of other combustible wastes such as wallpaper
and polymer coatings could be included with wood. The disadvantage is that sorting of
combustibles from non-combustibles may be required and that off-gas treatment is necessary.
The ash from incinerators should be automatically removed and incorporated into concrete if
it is LLW.

The immobilization technology of using thermoplastic encapsulation was developed at
Brookhaven National Laboratory (BNL) in the United States to treat radioactive hearth ash
generated from burning contaminated wood. Both the BNL and the Institute of Power

53



Engineering Problems (IPEP) collaborated to complete bench- and pilot-scale treatability
studies.

Bench-scale treatability studies were conducted at BNL, while scale-up treatibility studies
were conducted in the United States at the commertial facility of Westinghouse
Environmental Systems Co. The following properties were achieved:

loading ratio
compressive strength
tensile strength
leaching rate

- 75%
- 300 kg/cm2

-140 kg/cm2, and
- lO^g/cm'^day"1

4. TRANSPORTATION

The Design Department and Pilot Manufacture (DD&PM) of Sosny, Minsk, the counterpart of
IPEP, has developed two types of trucks and a number of containers for transporting
Chernobyl waste.

Trucks to transport very low level loose waste were designed on a basis of truck MAZ-5551
(Minsk Automobile Production Plant) and truck KrAZ-256 (Krivoj Rog Automobile
Production Plant).

Containers to transport radioactive waste were designed to fit several packaging
configurations. The simplest package (packaging module) is 1.48 m3. Its dimensions are 137
cm x 121 cm x 89 cm. The biggest package with a total volume of 11.8 m3 consists of eight
modules.

Inside each module the vessel containing solid waste is placed. DD&PM designed and
manufactured two types of vessel of different volume (1 m3 and 2 m3) for transportation of
solid loose waste. A vessel consists of a stainless steel box equipped with cover and freight
carrying hooks.

5. DISPOSAL

According to the "Provisional Sanitary Rules for Management of Decontamination Waste of
Chernobyl Origin", this type of waste should be disposed in one of three types of repositories,
each meeting different constructional requirements.

• Type 1 repository is a special engineering structure designed for radioactive waste with the
specific activity in excess of 96 kBq/kg. This type of repository should be equipped with an
adequate system of engineering barriers and hydrotechnical buffers to prevent release of
radionuclides into the environment.

• Type 2 repository is intended for near surface disposal of the Chernobyl wastes with a
specific activity from 0,96 to 96 kBq/kg. It is supposed to be equipped with simple clay
and film barriers preventing migration of Cs-137 from the vaults. The repositories .of this
type were constructed for Chernobyl decontamination wastes in 1986 -1988 and can be
regarded as examples of such kinds of repositories

• Type 3 repositories cover all near surface disposal sites, which were set up in the
abandoned territories of the Gomel region just after the Chernobyl Disaster. The
"Provisional Sanitary Rules for Management of Decontamination Waste of Chernobyl
Origin" defines organization of technical and radiation control in these disposal sites but
does not give the requirements for their preparation and construction.
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Some characteristics of Chernobyl waste disposal sites are presented in Table 2.

TABLE 2. PARAMETERS OF THE "CHERNOBYL WASTE" REPOSITORIES

Design area

Design capacity

Filled volume as of 01.05.96

Waste layer thickness

Total activity as of 01.05.96

Maximum specific activity

137Cs
90Sr
239,240pu

11 -19 thousand m2

30-55 thousand m3

30%

2.4 - 3.4 m

(3.7-27) 1010Bq

(3.7-32) 103Bq/kg

51-358Bq/kg

0.19-0.78 Bq/kg

Existing regulations require the following monitoring operations for CRW repositories.
During site operations the area around the repository must have access restricted to operators
only. Daily radioactive monitoring at site access points is required plus monthly
measurements of water levels and radioactivity in five bore holes spaced around the
repository. Following closure radioactivity in these holes plus five additional ones directly
over the filled repository are to be measured twice a year.

Many of the disposal sites performed after the Accident are potentially dangerous for
population primarily as sources of radioactive contamination of ground and surface waters.
Ravines, sand pits, foundation pits, trenches, etc., were used as "natural" locations for the sites
with no due account taken regarding hydro-geological situation and landscape peculiarities.

In Belarus since 1993, radioecological monitoring of the ground water around these
repositories is carried out. The system of radiation control and supervision over the processes
of migration of 137Cs and 90Sr radionuclides away from the disposal sites has been established.
The system has been installed at 11 storage sites. Each site has been fitted out with 4-5
hydrological wells, arranged below and above gradient from the storage site, allowing change
of activity of radionuclides in the ground water to be recorded with sufficient reliability.

The studies carried out in spring, summer and autumn of 1993-1995 have shown that the
values of 137Cs and 90Sr activities in water are in the range of 10-550 Bq/m3 (Cs) and 5-150
Bq/m3 (Sr). These values exceed significantly the values of activity of radionuclides in the
ground water of the flood-lands of the Pripyat and Sozh rivers registered before the Accident.
However, for all controlled repositories, the content of radionuclides in the ground water does
not exceed yet the permissible limit accepted in the Republic of Belarus for drinking water
(18500 Bq/m3 and 370 Bq/m3 for 137Cs and 90Sr, respectively).
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Abstract

Over the last few years, the Republic of Moldova, with assistance from the IAEA,
undertook the establishment of the legislative and normative basis consisting of a regulatory
body infrastructure, including a monitoring optimization strategy concerning radioactive waste
management safety. At present the following work is underway: the introduction of a new
law "About Radiation Safety and Population Protection", the re-implementation of a
normative base, and the incorporation of the IAEA Basic Safety Standards through the
national legislation [1]. Presently in the Republic of Moldova, there exists a system of
radioactive waste management, comprising collection, disposal, transportation and storage.
This system consists of the radioactive material users, the designated disposal facility and the
regulatory bodies.

1. CENTRAL RADIOACTIVE WASTE DISPOSAL FACILITY: ORGANIZATIONAL
ISSUES.

Radioactive waste management in Moldova is committed to a centralized state
enterprise (hereafter — Enterprise) organized at the Central Radioactive Waste Disposal
Facility (CRWDF). The Enterprise is under the direct authority of the Ministry of Public
Works and Administration of Housing Funds (MPWADF), so that the director of the
Enterprise reports directly to the Deputy Minister of MPWADF. Furthermore, the State
Sanitary Inspectorate (SSI), as a subdivision of National Center for Scientific and Applied
Hygiene and Epidemiology (NCSAHE) at the Ministry of Health, takes part in the national
radiation protection authority, representing the regulatory body for licensing and controlling
radioactive waste management activities. By maintaining a computerized inventory on
radiation sources being used in the country from its original registration, through records of
users up to disposition at the CRWDF. The solid radioactive waste disposal facility is of the
greatest interest, because reliance has been solely on storage up to now. The disposal unit
consists of four vaults and is 75 m2 in size. As the depth of the area is 3 m, the total disposing
capacity reaches 225m3.

Vault No.l was closed in 1965, Vault No.2 in 1991, and Vault No.3 was closed at the
beginning of 1996 (as recommended by the 1995 IAEA Expert Mission). At present, only
Vault No.4 is operating. Vaults No.l and No.2 have been filled up with different types and
categories (depending on activity, types of emitters, toxicity and half-lives) of solid waste. No
separation and segregation of the waste were practiced (this practice has been gradually
introduced beginning in 1993). Vault No.3 has been filled up to 70% of its total capacity and
was closed in accordance with recommendation of the IAEA in November 1995. The
remaining, operating Vault No.4 is presently filled to 1% of its total capacity. It contains only
spent sources from industrial and medical (e.g., Oncology Institute) applications. The sources
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were sealed in special containers. The solid radioactive waste stored at the site was generated
in industrial (Cs-137, Pu-239, Sr-90), medical (Co-60, Ra-226,1-131, Hg-197, Tc-199m, Au-
198, Xe-133), and nuclear research (Pu-239, K-40, Sn-119, H-3, C-14) applications. In
addition to this, a few tonnes of soil contaminated with Ra-226 or with isotopes originating
from the Chernobyl accident were reported to be stored at the site (in Vault No.l).

2. RADIOACTIVE WASTE.

According to data from the radioactive waste inventory, the total current activity of
radioactive waste disposed in all closed vaults is 16.476 TBq. This activity is composed of:

Sr-90 - 66.82 GBq; Cs-137 - 14889 GBq; Ra-226 - 181.12GBq;
Co-60 - 76.38 GBq; Pu-239 - 460.56 GBq; Th-230 - 70.63 GBq;
Cl-36 - 689.98 GBq; C-14 - 0.703 GBq

3. LIMITS AND CRITERIA.

In accordance with "Safety Regulations for Radioactive Waste Handling" (Sanitamije
Pravila Obraschenija s Radioaktivnimi Othodami - SPORO-85) and "Basic Safety
Regulations" (Osnovnije Sanitarnije Pravila - OSP-72/87), which are in force within the
Republic of Moldova, the solid wastes are radioactive, if the specific activity of the wastes
exceed [2]:

• 0.2u€i/kg [7.4kBq/kg] for alpha-sources (for transuranic elements O.lnCi/kg
[0.37kBq/kg]),

• 2 uCi/kg [74 kBq/kg] for beta-sources and
• 1.0* 10"7 gram Radium equivalent per kilogram for gama-sources.

As a function of dose rate from a 10 cm-distance from their surfaces, solid radioactive
wastes are divided in three groups: I group - less than 0.3 mSv/h; II group - from 0.3 mSv/h to
10 mSv/h; III group - in excess of 10 mSv/h.

4. PROBLEMS

Soil contamination based on radiochemical analyses.

According to an agreement between the Government of Moldova and the IAEA
(during the 1995 IAEA Mission in Moldova) on the necessity of radiochemical analysis at the
CRWDF site, the NCSAHE performed radiochemical analyses in January 1996, and then
repeated them in September 1997. Radiological surveys of the soils at the CRWDF in the
Republic of Moldova show very increased radiological contamination by Ra-226 and Sr-90 at
depths of 3.0 - 5.5 m. This indicates an accidental situation caused by disintegration of the
facility protecting walls.

The content of Ra-226 and Sr-90 in soil, according to data from boreholes 3, 3-a and 5
at depths of 3.0-5.5 m, significantly increased (comparing with other boreholes). Thus, Ra-
226 varies between 234.5 - 1354.5 Bq/kg, and Sr-90 from 306.4 - 2 997.0 Bq/kg. Detailed
results of the analyses performed are presented below, in Table 1.
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TABLE 1. SPECIFIC ACTIVITIES OF RADIONUCLIDES TH-232, RA-226, K-40, CS-137 AND
SR-90 IN SOIL AND RA-226 IN UNDERGROUND WATER SAMPLES COLLECTED FROM

CDWDF

Borehole
No.

2B

3B

4B

5B

6B

7B

8B

9B

3C

4C

5C

6C

7C

4D

Depth

(m)

3.4
3.9
4.4
5.0
3.4
3.9
4.4
5.0
3.4
3.9
4.4
5.0
3.4
3.9
4.4
3.4
3.9
4.4
3.4
3.9
4.4
3.4
3.9
4.4
3.4
3.9
4.4
5.0
3.9
4.4
5.0
3.9
4.4
5.0
3.4
3.9
4.4
5.0
3.4
3.9
4.4
6.0
3.4
3.9
4.4
3.9
5.0

Specific activity (Bq/kg)

Th-232
32.0
26.0
29.0
25.0
28.0
30.0
26.0
29.0
34.8
25.0
27.6
25.0
25.5
28.6
23.5
24.4
27.7
25.5
23.3
30.0
22.3
42.8
29.1
24.6
48.5
20.5
25.8
26.2
22.5
25.1
22.7
21.2
22.1
22.2
27.6
24.5
23.3
28.5
22.5
24.3
21.1
27.0
23.6
24.8
28.0
21.9
23.5

Ra-226
24.0
38.0
20.0
14.0
20.0
57.0
19.0
15.5
14.3
18.0
22.0
17.7
23.8
18.7
22.4
22.4
18.8
18.7
16.7
17.1
16.1
726.8
49.7
30.2
572.3
38.6
13.3
17.4
20.7
12.6
14.0
13.6
13.2
16.6
14.4
16.5
11.8
14.0
19.6
15.5
17.7
12.8
16.0
13.9
15.6
18.6
13.9

K-40
373.0
343.0
342.0
303.0
323.0
297.0
320.0
294.8
330.1
334.0
280.6
261.6
287.7
321.9
296.9
310.5
315.0
297.5
312.5
383.7
300.6
290.0
317.9
313.3
81.6
355.6
340.0
338.2
318.4
306.1
309.6
315.6
289.7
278.1
394.2
343.1
381.1
300.7
342.3
347.2
311.3
291.0
347.6
365.5
347.5
331.6
300.3

Cs-137
27.2
3.0
3.0
3.0
3.0
19.4
16.7
3.0
16.3
3.0
3.0
3.0
14.9
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
12.1
3.0
3.0
28.8
3.0
3.0
3.0
8.4
3.0
3.0
9.9
3.0
3.0
15.2
3.0
3.0
3.0
17.9
3.0
3.0
21.7
11.6
3.0
3.0
17.2
10.6

Sr-90
303.4

-

2257.0

125.8

51.9
51.1
_
-
407.0

-
134.3

-
629.0
-
-
4070.0
-
-
1961.0
-
-
-
10.9
-
-
-
-
-
35.5
-
-
-
30.3
-
-
34.4
263.0
-
-
24.3
23.1

Underground
water, (Bq/1)
Ra-226

6.1

.

5.0

3.4

4.5

2.0

3.5

4.7

2.0

6.0

2.9

2.0
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5. GEOLOGICAL ANALYSIS:

The IPROCOM Institute performed the analysis of engineered, geological
characteristics of the CRWDF site in January 1996. Detailed results of the analyses performed
are presented below, in Table 2.

TABLE 2. LITHOSTRATIGRAPHY OF THE SITE (DESCENDING FROM THE SURFACE)

1. surface loose earthen material (Quaternary): 1.8-3.4
m thick
2. pedologic horizon (Quaternary): 1.0-1.1 m thick
3. aliuvial-deluvial loam (Quaternary): 0.6-2.7 m thick
4. alluvial-deluvjal clay (Quaternary): 7.2-8.0 m thick
5. lagoon-JBarinc clay (Neogene): 3.2-4.2 m thick

6. CONCLUSIONS

Some degree of radioactive waste management has been practiced in Moldova for
decades, but it has not been properly organized in a uniform manner addressing operational
issues (referring to both the operating staff and necessary equipment), financing, training
programmes, quality assurance and control, education of personnel handling radioactive
materials and/or spent sources, and radiation protection. Geomorphology of the site does not
appear to be suitable for the purpose and would require some additional actions to stabilize
possible slope erosion processes. Radiochemical analysis indicates that the hydrogeological
characteristics of the site are unsatisfactory. In conjunction with the badly engineered
radwaste disposal unit, this situation has resulted in the present on-site, severe contamination
of ground water and soil by radium-226 and strontium-90. Meanwhile, it is necessary to carry
out the recommended actions to lower the water table and to strengthen the disposal unit
stability and integrity. Soil surrounding the disposal unit, which is contaminated with Ra-226
and Sr-90, should be removed and appropriately disposed of [3].
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Abstract

Low-level radioactive waste often contains large quantities of inorganic chemical
substances. Due attention should therefore be given to the safety implications of both the
radiological and chemical substances in the waste. Our study develops the safety assessment
methodology for surface disposal with emphasis on the potential effects of inorganic non-
radiological elements on human health. Contamination of groundwater was considered as the
major exposure pathway. The applied methodology first screens all elements on the basis of
five criteria. Conservative screening calculations were used to screen out the elements that do
not pose danger to humans, and to select those that could have a negative impact and thus
require further analysis. The latter was done by first calculating the elemental mass fluxes out
of the repository and into the aquifer followed by the calculation of groundwater
concentrations. The results showed that on the basis of the screening calculations, 75% of all
elements could be classified as non-hazardous. The detailed calculations showed that the
majority of the remaining elements had groundwater concentrations below the drinking water
or groundwater standards. The results further showed that for a few elements the maximum
groundwater concentration was above the standard, but below the background concentrations.

1. INTRODUCTION

In Belgium two options for low-level radioactive waste disposal are studied, i.e., a
surface repository and an underground repository. The ongoing safety assessment studies for
both disposal options are dealing with several aspects such as effects of gas generation on
repository safety and consequence analysis for radiological and non-radiological substances
present in the waste. The safety analysis for inorganic non-radiological substances in case of
surface disposal are presented here.

Low-level radioactive waste also contains chemically toxic substances, such as
inorganic elements (e.g., heavy metals such as cadmium, lead, and mercury). We present the
safety analysis for inorganic non-radiological elements considering a state-of-the-art surface
disposal facility in combination with a generic setting. The surface disposal refers to
engineered concrete structures at ground level covered by a multi-layer barrier system [1]. In
the present study the only exposure pathway considered is by pollution of groundwater owing
to leaching of contaminants from the surface disposal. The analysis of the groundwater
pathway is considered generic because average, literature-based properties were used to
describe sorption onto sediment particles, together with flow parameters that were
representative for hydrogeological conditions in Northern Belgium.
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2. METHODOLOGY

The degree of pollution of the groundwater by leaching of contaminants from the
surface disposal was assessed in a two-step approach. First, a conservative screening
calculation was performed to assess the 41 inorganic non-radiological elements present in the
waste. Elements were screened on the basis of five criteria to decide whether they further
required detailed assessment. The first three criteria are quantitative whereas the next two are
qualitative: (i) comparison between estimated concentrations in groundwater and current
groundwater standards, (ii) comparison between chemical and radiological toxicity, (iii)
comparison between elemental solubility and current groundwater standards, (iv) abundance
in the geosphere, and (v) miscellaneous criteria. In a more detailed analysis, the groundwater
concentrations of the remaining elements were calculated by applying a numerical flow and
transport model to the disposal facility and the underlying aquifer.

3. SCREENING OF ELEMENTS REQUIRING DETAILED HAZARD ASSESSMENT

3.1 Conservative estimation of element concentrations in groundwater

In the conservative screening calculation we assumed that the entire inventory of all 41
inorganic elements would be released into a predefined volume of the groundwater in a very
short period of time. In this way the retarding effects of the waste matrix, waste package, and
the concrete disposal unit (the vault) on the release are neglected. In this first screening
criterion the solubility of the elements was also conservatively not considered in the
calculations. Another assumption was that linear equilibrium partitioning of the chemicals
between the groundwater and the solid materials (sand, loam, and clay) would exist.
Equilibrium concentrations thus calculated were compared with drinking water or
groundwater standards (further called "standards") for the Flemish and Walloon Region that
are largely based on the EC guidelines. Whenever the concentration was equal to or smaller
than the groundwater standard, we assumed the element could be considered as non-hazardous
and thus did not require further assessment. Based on this criterion, several elements (e.g., Ag,
F, P (PO43"), and Sn) were removed from the list of potentially hazardous chemicals.

3.2 Comparison of chemotoxicity and radiotoxicity

A large number of the elements present in radioactive waste are potentially dangerous
both from a radiological toxicity viewpoint and from a chemical toxicity viewpoint.
Therefore, the contaminant inventories were screened to identify those elements that, if
introduced into the biosphere, would result in radiological harm that is significantly greater
than their chemical harm. Whenever the radiotoxicity is the most important type of toxicity,
the elements are not further considered in this paper, because their potential hazard is more
properly treated in assessments based on radiological toxicity. Note, however, that direct
comparison between chemotoxicity and radiotoxicity is difficult, not to say artificial, because
the principles used to derive the chemical and radiological hazard are different. More
specifically, the chemical hazard is generally obtained from the mass of an element expected
to cause the death of a given percentage of the population, often 50 %, by acute uptake.
Radiological hazard, on the other hand, is derived from lifetime exposure to low doses of
radioactivity (since only low doses are expected for low-level waste disposal). In other words,
the short-term effects of uptake of high concentrations of non-radiological elements were
compared with the long-term effects of low doses of radiological elements.
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The mass of an element required to produce a chemical hazard is often calculated from
the LD50 values [2]. The LD50 is the dose of a material that is expected to cause the death of
50% of a population considering acute uptake by any route other than inhalation. At the level
of an individual this means that there is 50% chance that the considered dose causes death.

The radiological toxicity is expressed in terms of the mass required to exceed the annual
limit on intake via ingestion and inhalation (ALI). For atomic radiation workers (ARW),
intake of one ALI commits the recipient to an effective dose equivalent of 20 mSv/a to the
whole body over the next 50 years of the individuals' life (or 1 Sv over a lifetime of 50 years
[3]). For members of the public one ALI corresponds to 0.1 Sv/a for an entire lifetime.
Appropriate ALI values for the radiological elements that were also present in the non-
radiological inventory were taken from the ICRP-61 lists [3].

To compare the chemical toxicity with the radiotoxicity, an equivalent mass of a
radioactive element should be defined that may cause 50% death of a population (owing to
lethal- cancers). According to ICRP-60 [4], there is a 5 % chance for a lethal cancer
considering a lifetime dose of 1 Sv. A dose of 10 Sv over an entire lifetime (of an ARW)
would result in a 50% chance for lethal cancer. For an ARW, the annual maximum dose
resulting in 50% lethal cancer is 0.2 Sv. An annual dose of 0.2 Sv corresponds to 10 ALI. For
members of the public receiving a maximum lifetime dose of 0.1 Sv, there is a ten times
smaller chance (i.e., 0.5%) for a lethal cancer. A 50 % chance for a lethal cancer would
require 100 ALIs for the public. Because the ALI for the public is 10 times smaller than the
one for the workers (the acceptable total dose for the public is 10 times smaller than for
workers), 100 ALIs for the public have the same lethal effect as 10 ALIs for workers.
Therefore, considering the public, radiological toxicity hazards are more important than
chemical toxicity hazards if the chemical lethal dose is larger than 10 times the ALT mass for
workers. The results from this comparison of radiological and chemical toxicity showed that,
according to this criterion, only two elements are more radiotoxic than chemotoxic, i.e., Co
and Sr.

3.3 Elemental solubility limits

The most important transport process for the contaminants present in the surface
repository involves migration in the repository, soil and groundwater. Solubility limits applied
to the conditioned waste can thus be used as a criterion to evaluate potential hazards.
Elemental solubilities impose an upper limit on elemental concentrations, and can be

• compared with drinking water standards. We conservatively assumed that an element can be
excluded from further consideration for the potential impact of its chemical toxicity if its
solubility in the conditioned waste (concrete was assumed as conditioning matrix) is less than
its drinking water standard. Elements such as Ag, Cu, Hf, Mg, Pt, and Ti, all having a low to
very low solubility limit for cementitious environments (alkaline conditions), were excluded
from the list of potential toxic chemicals.

3.4 Abundances in the geosphere

Several elements are ubiquitous in man's natural environment and can be excluded from
further assessment. This is true for Ca, H, Mg, N, O, K, P, and Na. Although these elements
are major components in the waste matrix and packages, they are not considered as
contaminants. The same reasoning can be used for Al and Si, because they are the principal
constituents of soils and rocks.
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3.5 Miscellaneous criteria

Additional miscellaneous criteria may also help to reduce the list of elements that will
be considered in more detail. For instance, the water quality standards for Fe and Mn are
mainly based on aesthetic and economic considerations rather than on toxicity considerations
[5]. Furthermore, both elements are essential to life. Also, both iron and manganese are
relatively soluble in an electrochemically reducing environment, but the presence of higher
concentrations of oxidizing agents near the surface of the aquifer will decrease the solubility.
It is therefore reasonable to eliminate both iron and manganese from detailed considerations.

4. DETAILED HAZARD ASSESSMENT

On the basis of the five independent screening criteria considered, 30 elements were
removed from the list of potentially toxic elements. The final list of elements to be considered
in the detailed calculation was as follows: B, Be, Cr, Cd, Cl, Hg, I, Nb, Pb, and Sb, and Zn.
For each of these elements maximum groundwater concentrations were numerically calculated
and compared with the standards and background concentrations (Figure 1 shows the results
for Zn).

In the detailed calculations, the mass flux leaving the bottom of the repository was
assessed using the transport model PORFLOW [6]. Prior to the transport simulations in the
vault, the ambient water flux affecting the leaching rate in the vault needs to be known.
Unsaturated water flow in the barrier and the vault was calculated using the unsaturated flow
equation and representative hydraulic properties for the different materials [1]. The long-term
environmental assessment calculations discussed here include the following processes: the
solubility-limited release rate of the elements from the conditioned waste, advective-diffusive
transport of the elements in the vault, and advective-dispersive transport in the aquifer. Linear
equilibrium sorption of elements onto the conditioning matrix, concrete structures and aquifer
sediments was also accounted for. Of final interest are the concentrations of potentially toxic
elements in the nearby well water, since human health can be affected through the use of a
well as a source of drinking water and/or as a source of irrigation water.

The results showed that the numerically calculated maximum groundwater
concentrations at distances ranging from 100 to 1000 m downstream the repository were
below the current drinking water standards for the majority of the eleven elements. Only for
B, Cd, Sb, and Zn did the maximum concentration exceed the standard. We note that
maximum background concentrations obtained from a literature survey for these four
elements were often higher than the standards. For instance, background concentrations for Zn
measured in seventeen wells throughout Northern Belgium were nearly as high or even higher
than the standard (Figure 1).

5. DISCUSSION AND CONCLUSIONS

In the safety analysis for inorganic chemotoxic elements in the case of surface disposal,
we combined relatively simple though conservative calculations with detailed numerical
simulations. On the basis of simple screening calculations requiring limited information, 75%
of the elements could be classified as non-hazardous. As a result, most effort in terms of
computational resources and parameter identification can go to the most critical elements.

The detailed calculations are based on the most important physical and chemical
processes, together with best estimates of process parameters. Therefore, groundwater
concentrations obtained in this way are considered realistic, though still generic since no site-
specific hydrogeological data was used. The detailed calculations allow to do sensitivity
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analysis, which in turn could be used to optimize certain components of the repository.
Finally, detailed calculations may also be used to evaluate specific measures for particular
waste forms to reduce maximum concentrations until they are below the standards.

The results also indicated that safety analyses for disposal of low-level waste should
also include an evaluation of chemotoxic elements, in addition to radiotoxic elements. Where
the radiotoxicity decreases with time owing to radioactive decay, the chemical toxicity of
stable elements does not disappear. A multi-barrier repository can be designed such that the
barriers retain the radionuclides for a sufficiently long time until most of them have decayed.
For the chemotoxical elements the barriers and site must be such that the release is so small
and dilution sufficiently large that groundwater concentrations remain below the standards.

Another point of discussion is the usefulness of drinking water or groundwater standards
that are lower than background concentrations (see Figure 1). For several elements, standards
are extremely low, although the element may be essential in all living organisms (e.g., zinc), it
may occur in almost all igneous rocks, etc. Furthermore, there is a tendency to propose new
standards that are even lower than the present ones. For some elements, however, the
guideline value may be exceeded when natural background concentrations are high.
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FIG. 1. Calculated zinc concentration in the well water for a sand aquifer. Left, central, and right
breakthrough curve refer to wells at 100, 500, and 1000 m, respectively. Shaded area
represents range of background concentrations observed in several aquifers in Northern
Belgium. Lowest and highest drinking water limits are for the Flemish, respectively the
Walloon region.
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Abstract

The environmental concern and public perception as well as the steadily increase of the conditioning
and disposal costs are pushing the nuclear sector to minimise the amount of radioactive waste. Hence
it is a strong incentive to prefer the management option "recycling and reuse" instead of the option
"disposal and replacement". The "recycling and reuse" option requires the availability of
decontamination techniques as well as measuring techniques allowing to prove that the release criteria
are met. Therefore SCK'CEN has now two decontamination installations for scrap metal on its own
site. One installation uses a wet abrasive technique while the other one uses a chemical process based
on the Ce4+. These two installations, combined with the use of foundries for free release or for
radioactive scrap metal recycling are now common practices at SCK'CEN and will allow to reduce
the metallic waste to 10 % of the metallic scrap production and the costs at least by a factor 2.5.

1. INTRODUCTION

Maintenance, refurbishment and decommissioning of nuclear installations generate large quantities of
scrap metal. Two management options are available i.e.: "recycling and reuse" and "disposal and
replacement". SCK'CEN has decided to opt for the first, namely, "recycling and reuse". Indeed this
option allows, by minimising the waste production, to preserve the natural resources and the
environment and to minimise the risks associated with the production of "fresh" metal. The necessity
of waste minimisation is during this last decade reinforced by the inflation of the waste costs i.e.
conditioning, storage and disposal costs and by the problem of public acceptance of disposal sites.
The evacuation routes used to minimise the metallic waste amount are:

a) free release by measurement;
b) free release by melting;
c) recycling into the nuclear industry;
d) mechanical decontamination;
e) chemical decontamination.

The recycling or reuse of items from nuclear facilities is now a current practice recommended by
international organisations [1], [2], [3]. When these routes cannot be used, the scrap metal has to be
evacuated as radioactive waste.

2. COMMON PRACTICES AND DISCUSSION

2.1 Free release

The free release of radioactive materials requires a combination of factors to be successful [4]:

• Procedures and well defined free release criteria: as a consensus is not yet achieved on an
international level, a free release procedure has been set up by SCK'CEN Health Physics
department in agreement with the Control Organism and the Competent Authority. This
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procedure is still a "case by case" practice and is currently applied for the free release of
materials from the BR3 dismantling.

• A strict follow-up of the material streams comprising origin of the materials, treatment
performed, characterisation results.

• The traceability of the materials must be guaranteed at each step: this can only be achieved
with a strong Quality Assurance programme.

The procedure used at SCK'CEN allows to free release materials following two different ways. The
first one is based on two 100 % surface measurements separated by 3 months delay. The surface
contamination limits are 0.4 Bq/cm2 for (( nuclides and 0.04 Bq/cm2 for ( nuclides. The second way is
based on the measurement of the mass contamination. In this way, the free release is based on a case
by case decision depending on the final destination of the material. The decision is taken by the
Health Physics of the site after consultation of the Control Organism.

Till now, 95 t of metal could so be unconditionally free released and sent for recycling to the metal
scrap industry. Materials which are slightly contaminated on the external surface by some
contaminated dust can be free released by simple decontamination by washing manually either before
dismantling or after size reduction. Until now, 60 t have been so free released from which 15 t of
metals were sent to the scrap industry.

2.2 Melting of free release

Some dismantled materials are either very low contaminated, very difficult to measure or not
homogeneously contaminated. For these materials, it can be advantageous to send them to a nuclear
foundry. Melting decontaminates the metals by volatilisation of some nuclides (e.g. 137Cs) or by
transfer to the slag (e.g. heavy nuclides such as alpha emitters) and allows an accurate determination
of the radionuclides content thanks to the homogeneity of the metal melt. The amount of secondary
waste (dust, slag) is rather low. SCK(CEN is preparing a transport of 18 t to be melted. Its average
activity is 0.4 Bq/g of 60Co and 137Cs.

2.3 Recycling in nuclear industry

Low level radioactive materials can be recycled in the nuclear world. The melted materials can be
used for the fabrication of shield blocks or for the fabrication of radioactive waste containers.
SCK(CEN has an agreement with GTS-Duratek (USA); the recycled materials are used as shielding.
The materials must respect composition and radiochemical criteria. 70 t of scrap metal with an
average activity of 130 ((-Bq/g and 1 (-Bq/g have been sent, in agreement with all the competent
authorities, to the GTS-Duratek facility.

2.4 Mechanical decontamination

An alternative to the recycling in the nuclear industry is the decontamination by abrasion [5]. It
concerns items contaminated at a level up to 1000 Bq/cm2. This technique however is limited to
pieces of simple geometry because all the treated surfaces must be accessible for the abrasive jet. A
wet abrasive unit ZOE has been built at BR3 and allows to treat pieces up to 3 t and 3 m long. The
abrasives and the water are continuously recycled to minimise the amount of secondary waste.

Until now, 10 t were immediately free released after decontamination in the ZOE installation. 2.8 t
were partially decontaminated to remove most of the alpha contamination present and allow its free
release after melting. In general about 10 to 20 % of the materials could not be free released either
due to difficult removable contamination or to inaccessibility for measurement. The materials not free
released are normally sufficiently low to be sent to a nuclear foundry for free release by melting.
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2.5 Chemical decontamination

Carbon steel or stainless steel pieces heavily contaminated e.g. up to 20,000 ((-Bq/cm2 can be treated
by thorough chemical decontamination processes [5]. For stainless steel, a process called MEDOC
(MEtal Decontamination by Oxidation with Cerium) has been developed at SCK(CEN and an
industrial installation has recently been built. The process is based on the strong oxidation potential of
Ce4+ in sulphuric acid medium at 80 °C. The oxide layer (the so-called crud layer) and the base metal
as well are removed. Pilot tests with real active pieces have shown that the removal of 10 to 20 urn
allows to completely remove the contamination layer even for strong contaminated pieces from the
primary loop. During the process, the Ce4+ is reduced to Ce3+; in order to recover the process
efficiency it is necessary to regenerate the Ce3+ to Ce4+. In our process, this is realised by reaction
with ozone gas in a special gas-liquid contactor (static mixer). The installation comprises also a
rinsing unit with ultrasonics and an effluent storage tank. The installation is in service since mid
September. During the first 5 batches, we treated successfully 2.3 tons of SS pieces of different
origin and geometry. Based on the first measurement, one can consider that they will easily be free
released.

2.6 Waste

When the metallic pieces do not meet the acceptance criteria of the above mentioned evacuation
routes, they have to be considered as radioactive waste and sent for conditioning and storage to
BELGOPROCESS, a subsidiary of ONDRAF/NIRAS (Belgian National Agency for Radioactive
Waste and Fissile Material) according to the following categories:

• Low Level Waste (dose <2 mSv/h; specific activity: <40 ((-GBq/m3 and <40 (-MBq/m3);

• Medium Level Waste (dose <200 mSv/h and : <100 ((-TBq/m3);

• High Level Waste (dose >200 mSv/h).

Figure 1 shows the costs associated with the different evacuation routes for scrap metal. It is clear
that the economic factor is an important incentive in the management of metallic radioactive material.
In the period 1995-1998, if we exclude the highly activated pieces coming from the BR3 and BR2
reactors, less than 20 % of the metallic radioactive material has been conditioned as waste. One can
expect that in the future, when the two decontamination workshops of BR3 will work at their nominal
regime, this fraction can be reduced to less than 10 %.

3. . CONCLUSIONS

Two management options for metallic radioactive material are available i.e.: "recycling and reuse"
and "disposal and replacement". The first one allows to preserve the natural resources and the
environment, to minimise the risks associated with the production of "fresh" metal and to decrease the
costs associated at the back end of metallic radioactive material cycle. Many evacuation routes in
agreement with this management option are of common practice at SCK'CEN. They allow to reduce
the metallic radioactive waste volume by a factor 10 and the associated costs by at least a factor 2.5.
Recycling in the nuclear world or free release for recycling in the industrial world are therefore
developed and encouraged both for ethic and for economic reasons. This choice however implies the
set-up of a strong QA programme to ensure the traceability of the materials and pushes also the
industry to develop more cost-effective decontamination techniques.
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Abstract

In the frame of its responsibilities, newly postulated by Atomic Law, RAWRA has to
undertake operated repositories in possession of state. Regarding the historical background of the
facilities and the progress in evaluation methods, RAWRA follows the aim to operate the repositories
safely with the intention to satisfy all aspects of safe, feasible and economic operation.

1. INTRODUCTION

The Czech radioactive waste management system has changed since the beginning of the year
2000 following responsibilities assigned to Radioactive Waste Repository Authority (RAWRA) by
Atomic Law. The operated repositories in the Czech Republic have been transmitted to the possession
of state. RAWRA has to pursue the safe operation of three existing facilities. Dukovany repository is
designed for disposal of operational waste form nuclear power plants. In Richard repository and in
Bratrstvi repository there is disposed radioactive waste from institutions, i.e. from hospitals, industry
and research applications.

In 1999, general risk assessment of Richard and Bratrstvi were finished with the goal to define
the objectives that have to be achieved in the licensing process and that will validate safety and
stability of repositories of institutional waste.

2. PRODUCTION OF INSTITUTIONAL WASTE

Institutional radioactive waste has been produced by some hundreds of produces over all territory of
the Czech Republic. At present, 68 companies contribute to waste production. This fact complicates
the identification, characterisation and classification process and leads also to considerable diversity
of waste. The prediction of amounts and activities of produced waste is thus an uneasy task. In Table
1, there are indicated the main activity and volume flows of radioactive waste produced by Czech
institutions.

Nuclear Research Institute (NRI) had mostly produced its waste from radiochemical
laboratories and from research reactor, later also from analytical processing of 2j9Pu. ARAO (former
Institute for Production, Research and Use of Radioisotopes) wastes arise from production of
substances containing 3H and 14C of high activities and from production of sources containing 226Ra,
137Cs, 90Sr, 241Am and other. Biological waste is produced by Czech Academy of Science and is
signed with 3H, 14C, 35S, radioisotopes of iodine and other. The major fraction of activity falls on
spent sealed sources from industrial and research applications (SVUM) and from medical applications
(Chirana). Sometimes it is difficult to define the boundary between the production sectors. It was
estimated that 64,5% of waste volumes comes from industry, 23% comes from research applications
and 12,5% comes from medical applications.
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TABLE 1. ACTIVITIES AND VOLUMES OF INSTITUTIONAL RADIOACTIVE WASTE

Producer

NRIRezpIc

ARAOplc

Academy of Science

SVUM Bechovice
Chirana
Chirana Vojkov

Volume (m3)

701

326

89

Activity (Bq)

585.1012

260.1012

67.1012

Fraction of total
disposed volume (%)

39
18

5

Fraction of total
disposed activity (%)

57
26
7

Fraction of total
disposed activity (%)

0,13

4,5

0,004

Fraction of total
disposed volume (%)

0.53

0,16

0,07

3. RICHARD REPOSITORY

The repository has been operated since 1963 and is situated in a former limestone mine. It
contains about two thousands of cube metres of solidified radioactive waste with the activity of 1015

Bq. The repository is equipped with a drainage system. In the decommissioning period, a filling
barrier has to be applied to stabilise the disposal area. Disposal situation is presented in Figure 1.

Repository RICHARD - situation

RK

RICHARD

mmmm Accesibie Area

aaaa i Fined Volume

j f Nion Assured Volume

Phones

Emergency Exit
•soo

FIG. 1. Situation of Richard repository

71



Disposal volume is situated in the limestone rock layer the thickness of which exceeds 5 m.
The underlay non saturated zone is thicker then 40 m and from great part it is formed by clay minerals
of very low permeability. The infiltration potential of rain water and surface water is minimum. The
common outlet of mine water is 1 1 per minute. The site is closed to so called Litomefice fault, a
tectonic line of an European importance what is a significant fact from the point of view of the long
term disposal stability.

4. REPOSITORY BRATRSTVI

The repository has been operated since 1972 and is situated in five chambers of a former
exploitation stole in the Bratrstvi mine. The situation is presented on Figure 2. Disposal of other than
natural radionuclides is not allowed there. Most of waste is of medical origin, namely 226Ra. Partly
there are disposed or stored Ra-Be sources, unriched U and natural Th. At present, the volume of
disposed waste is 350 m3, the total activity is about 3.1011 Bq.

The disturbed zone is equipped with a fireproof reinforcement, the stole is sealed with
concrete and the potential air and/or overlay moisture is drained from the disposal area by a drainage
channel. The granite host structure is affected by several fault zones. Continuous ground water level is
situated in in 631 m above sea level and it represents the boundary of saturated and non-saturated
zone. The outlet from Bratrstvi to groundwater is about 3 1 per second.

Repository BRATRSTV1- situation

Transport Corridor - 340 m

Voiume of disposal chambers is signed shady

FIG. 2. Situation of Bratrstvi repository

5. LICENSING PROCESS

Both repositories for institutional waste had to be newly licensed by the beginning of the year
2000. The licensing process has been supported by a general risk analysis respecting legislative,
technical and safety aspects of disposal in Richard and Bratrstvi repositories. The principal task of
RAWRA is to submit to State Office for Nuclear Safety the integral documentation demanded by
Atomic Law and related regulations. Submitted documents being QA document, Limits and
conditions of Operation for the activity of disposal, Waste Acceptance Conditions, Programme of
Monitoring, Controlled Area Proposal, Accident Operational Plan and physical Safeguard.
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To verify the correctness of the procedure, it is necessary to base the postulates and
constraints brought out in the mentioned documents by updated safety and risk analysis.

6. NEED OF SAFETY AND/OR RISK ANALYSIS

6.1 Repository Richard

In the process of qualitative risk analysis there were identified some domains that should be followed
in near future with the aim to complete the knowledge about long term behaviour of the disposal
system. Safety analysis that created the actual acceptance conditions was established on the
knowledge of normal scenario of disposal system performance. Nuclear legislation does not insist on
considering other than radiation impact on environment. Environmental legislation, which is
substantial in the process of public involvement, postulates to assess all the types of risk. These
should involve environmental and population risk including non radiation effects, feasibility and
economy and it demands also to estimate the variants of project solution. Special tasks that will be
carried out in near future are specified subsequently:

- Correspondence of present operational state (disposal and storage) to Czech and Europe
legislation imperatives

- Radioactive waste inventory specification with respect to radiation and non radiation
characteristics

- Description of engineering barriers and other types of barriers applied in the repository

- Technical and safe solution of filling the voids in the repository with respect to the time
frames of the repository life cycle

- Possibility of extension of repository volume and estimation of the environmental capacity of
the site

- Coincident disposal and storage in the repository - risks and profits evaluation

- Possible hydrogeological and hydrological communication with Litomef ice fault

- Variant proposal for Richard repository operation in future 30 years

- optimisation and risk analysis of variants proposal, including environmental impact assessment

6.2 Repository Bratrstvi

Disposal of radioactive waste in Bratrstvi repository had never been evaluated with regard to actual
level of knowledge in safety/risk assessment procedure. The activity disposed in the repository is not
in discrepancy with present environmental state of the site. Host rock had former been a source of
uranium ore and calculated outlets of activity from the site do not exceed the values of natural
outlets. On the other hand, the disposal volumes possess considerable humidity and mine water flow
adjoins the waste closely. Special tasks that will be carried out in near future are specified
subsequently:

- Decision "disposal" versus "storage" in the terms of nuclear and non nuclear legislation

- Quantitative screening of uncertainties resulting from historical conditions of disposal and
hydrological situation in the host rock bed

- Environmental risk assessment including non radiation risk

- Optimisation of present operational state
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7. CONCLUSIONS

Substantial problems have been identified in the procedure of disposal and subsequent evaluation of
safety for both repositories of institutional waste. Necessity of advanced methods application leads to
the need of extended survey in the field of risk analysis and environmental impact assessment.
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Abstract
Waste Management Facilities, Trombay (WMFT) comprises Radioactive Solid waste Management Site(RSMS),
an Effluent Treatment Plant (ETP), and a Decontamination Centre (DC). Radioactive wastes from the plants and
laboratories in Mumbai are handled here. The wastes are categorized and classified as per International Atomic
Energy Agency (IAEA) and Atomic Energy Regulatory Board (AERB) guidelines. RSMS is a near surface
disposal facility, where assorted beta gamma solid waste is disposed off in appropriate disposal facilities.. ETP is
a centralized low level liquid waste treatment facility, where liquid effluent is chemically treated to remove the
radionuclides present in it, monitored for radioactivity, and discharged into the Mumbai Harbour Bay. In DC,
plant and laboratory used clothings and personnel protective wears are decontaminated, monitored and sent for
reuse. A comprehensive radiation monitoring programme is in place in these facilities from the beginning of
radioactive waste management operations at BARC. The per capita radiation dose of the occupational workers
and individual maximum dose has been low. Radioactivity release through liquid effluent from ETP has been
kept well below Authorized Limits (AL). There has been no safety related unusual occurrences during the facility
operation, that had any significant radiological impact.

1. INTRODUCTION

Safe management of radioactive waste has received due attention right from the establishment
of this research centre at Trombay. Facilities which were designed and installed to carry out the said
functions include a Radioactive Solid waste Management Site , an Effluent Treatment Plant , and a
Decontamination Centre . These three units jointly form Waste Management Facilities, Trombay.
Radiation Hazards Control Unit (RHCU) of Radiation Safety Systems Division attached to WMFT
provides radiation safety surveillance for all the waste management operations at Trombay. Safety
standards adopted are those contained in Radiation Safety Manuals [1,2]. This paper summarizes
radiation protection experience gained at BARC during radioactive waste management operations
carried out at Trombay for the recent ten year period.

2. NATURE OF WASTE

Radioactive waste produced are essentially from research reactors, chemical processing plants
including a fuel reprocessing plant, and radiological laboratories. These wastes are categorized and
classified as per IAEA [3,4]. Solid wastes consist of combustible-noncombustible,compressible-
noncompressible assorted wastes, spent resins, decayed radiography / other sealed sources etc. Liquid
waste arisings, chemical and non-chemical, are generally aqueous in nature. A major volume of the
waste is beta-gamma active. Limited quantities of alpha bearing waste are also handled for treatment
and conditioning.

3. TREATMENT PROCEDURE

Solid radioactive wastes collected in standard 200 litre drums from the different sources are
brought to RSMS, where they are segregated into combustible and noncombustible types. Low active
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combustible wastes showing contact radiation level upto 0.1 mGy/h are incinerated in an experimental
incinerator. Noncombustibles are packed in drums, contact dose rate measured, and disposed off in
appropriate disposal facility. Liquid waste is transported from generating plants to ETP through
pipelines. ETP is a centralized facility at Trombay for chemical treatment and disposal of all liquid
waste generated. Liquid waste of beta, gamma activity upto 2000 Bq/ml and tritium upto 400 Bq/ml
are received in this plant for treatment. Chemical treatment involves addition of potassium
ferrocyanide, copper sulphate, barium chloride and ferric nitrate, for removal of cesium and strontium
which are the major contributors to radioactivity in the waste. After treatment, the liquid is monitored
for its radioactivity concentration and discharged into the Mumbai Harbour Bay, at activity levels less
than the AL. Sludge generated during chemical treatment of liquid waste is cemented in standard
drums, and sent to RSMS for disposal. DC houses facilities for laundering of contaminated clothing,
and safety wears of personnel from the plants and laboratories at Trombay. Cut aluminium rod ends of
the fuel used in reactors at Trombay are also decontaminated at DC.

4. DESIGN FEATURES

RSMS is an isolated site at Trombay, situated away from the main plants and laboratories of
BARC [5]. The site is chosen after a detailed study of the relevant parameters. Isolation of waste from
environment is ensured by a multibarrier approach. The three types of disposal facilities are Stone
Lined Trench (SLT), Reinforced Cement concrete Trench (RCT), and Tile Hole (TH). SLT is a pit
made by excavation of soil, and lined on sides with granite. These are used for disposal of solid waste
showing dose rate upto 2.0 mGy/h. RCT is made of reinforced cement concrete side walls and bottom.
They are constructed with extensive water proofing to eliminate possible ingress of ground water.
Waste measuring upto 0.5 Gy/h, and alpha bearing waste of specific activity upto 4000 Bq/g are
disposed off in RCT. TH is a cylindrical vessel made of carbon steel, of diameter 0.7 m and depth 4.0
m, inside and outside of which is given a coating of spun concrete, and then water proofed. They are
designed to be high integrity underground disposal facilities, and are used for disposal of spent
radiation sources, ion exchange resin cartridges, and waste consignments showing more than 0.5
Gy/h. Appropriate shielding is provided over closed disposal facilities to bring down radiation level
to 10 jaGy/h. An extensive network of borewells is provided at RSMS to draw ground water samples
for activity analysis to detect any possible migration of disposed radionuclides. Both ETP and DC are
designed to provide adequate radiological safety for operating staff, and for the environment.
Contamination control is effected by the philosophy of zoning, and shoe barriers are provided at
appropriate locations. Liquid effluent generated from plant operation is led through drainage lines to
dump tanks, from where they are pumped to ETP for appropriate treatment. Ventilation system is so
designed that the plant areas are kept under negative pressure. The exhaust air is discharged to
atmosphere through a bank of High Efficiency Particulate Air (HEPA) filters.

5. RADIATION SAFETY SURVEILLANCE

5.1 Area monitoring

All plant areas and those outside the plant, are monitored for radiation field routinely, with a
defined periodicity. Working areas are checked for radioactive contamination by swipes, with special
attention given to areas like plant corridors, worker change rooms etc. Locations where radiation field
is excessive, are identified. Adequate shielding is provided for equipment/tanks which show high dose
rates. Remotisation in operations is adopted wherever required. Occupancy in high radiation field
areas is controlled by the system of Special Work Permit (SWP). Area radiation monitors with alarm
settings are installed at few locations in the plant. A routine air sampling programme is in place in
WMFT, employing continuously operated air samplers at fixed locations, and by grab samplers during
specific operations. Plant operations are generally wet in nature, and local exhaust provisions are
made wherever desired. This has helped to keep air activity levels low in plant areas. Adequate
respiratory protection is provided in situations where activity releases of a high order is encountered.

76



5.2 Personnel monitoring

• Personnel monitoring for external exposure is routinely carried out using Thermo
Luminescent Dosimeters (TLD). Direct Reading Dosimeters (DRD) are issued to personnel, in
addition, for operations covered by SWP, for immediate assessment of radiation dose. Collective
radiation dose for the institution in the current block of five years ending 1998 is nearly one half of
that of the previous five year block. For the current five year block, average per capita exposure is
less than ten percent of the regulatory limit, and the maximum individual annual dose is around one
half of the annual regulatory limit of 30 mSv, in an isolated case. In cases where cumulative lifetime
radiation exposure exceed 0.5 Sv, further exposures are allowed after a medical review of the
individual concerned, as per directives of AERB. All the radiation workers are sent for medical
examination on an annual basis as a regulatory requirement. Monitoring for internal contamination is
carried out by bioassay, and invivo counting. Bioassay by urine analysis is carried out once a year as a
routine, and more frequently in case of suspected internal contamination. Contamination level in the
samples collected so far are reported to be less than five percent of the recommended limits for the
nuclides of concern. Invivo counting for estimation of Pu/Am lung burden carried out for specific
workers has revealed no internal contamination. Radiation dose from internal contamination is
insignificant for the occupational radiation workers of WMFT. As such, it could be concluded that
radiation exposures of all the occupational workers engaged in waste management at BARC,
Trombay, are well within regulatory limits.

5.3 Effluent monitoring

• Activity discharge from WMFT is through liquid route in to Mumbai Harbour Bay. Analysis
of effluent samples over the years has revealed that radiocesium and radiostrontium constitute 55 %
and 30 % of the gross beta activity. Activity contributions from ruthenium and cerium were negligibly
small. Figure below shows gross activity discharges from ETP for different years, expressed as
percentage of the respective AL. Gross activity discharged are consistently less than ten percent of
the respective AL for alpha, beta and tritium, for the period ending 1997. AL for alpha and beta
activities were revised downward by AERB by a factor often since 1998 [6 ]. Plant has been geared
up to meet this requirement, and also to keep radioactivity discharges at levels as low as reasonably
achievable.

5.4 Monitoring of radiation exposure of public

Bay water and other matrices are regularly monitored for their radioactivity concentration.
Estimated maximum possible radiation exposure of a member of public due to consumption of fish
and occupancy of shore areas, is estimated to be negligibly low when compared to the recommended
annual limit of 1 mSv for public exposure .

5.5 Monitoring of Immediate Environment

Monitoring of immediate environment around the facility is carried out by background
radiation survey, and analysis of ground water and surface soil samples. Any abnormal increase in
radiation field is investigated for its causes, and corrective actions taken. Samples of ground water
from RSMS are collected with a defined periodicity, and analysed for radionuclides.

6. SAFETY RELATED IMPROVEMENTS AND ALARA APPROACH

As part of the efforts to maintain personnel exposure to radiation ALARA , and in order to
prevent occurrence of incidents with potential of radiation exposure to operating personnel and to the
environment, following improvements were carried out over the years :
• Granite lining for earth trenches for better control on migration of radionuclides
• Provision of compartments in SLT for effective isolation of mutually incompatible waste
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• Installation of inspection pipes in RCT to detect water ingress, if any
• Remotisation in waste handling by means of better designs of material handling equipment
• Online instrumentation like flow and PH meters for effective control on volume of liquid

transferred and its chemistry
• Surveillance, as per AERB guidelines for pipelines carrying active liquid
• Prompt dismantling and disposal of redundant equipment
• New carbon steel linings for liquid waste storage tanks

7. CONCLUSION

Radiation safety programme in waste management as well as in other activities at BARC, is
organized on strong foundations of safety at design stage, supplemented by a certification procedure
to provide competent manpower to operate the various facilities. Deviations from set operating
procedures are discussed at the unit level safety committee, and reviewed by the higher committees
with respect to their safety implications, before implementation. The regulatory body constantly
monitors safety status of the facilities through feedback provided. Radiation emergency exercises are
conducted at regular intervals in order that prompt and effective action can be initiated to mitigate
consequences in case of emergency. Training and retraining programmes on safety are organized for
the benefit of operating staff to instill in them a safety culture. This has contributed greatly to attain a
high level of safety in radioactive waste management operations at BARC, Trombay.
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Abstract

This paper describes the use of segregation techniques in reducing the stored Low Level
Waste on Intermediate Waste Repository 1, at Angra Nuclear Power Plant Site, from 1701 to
425 drums of compacted waste.

1. INTRODUCTION

The Angra I Nuclear Power Plant, a Westinghouse Pressurized Water Reactor, two loops and 657
MWe nominal capacity, has been operating in commercial condition since 1985 and it has been using
the Gaseous, Liquid and Solid Radwaste Processing Systems [1,6] in order to attend the Brazilian
[4,5] and International Rules [3,7]. The low and medium solid Radioactive Waste, produced since
1982, has been placed in 0,208 m3 drums and stored on the Intermediate Repository 1, at Angra
Nuclear Site, and waiting the Final Radwaste Repository political definition, in terms of place,
technical and operational characteristics. Up to 1994, an amount of 5,800 recipients were stored on
the Intermediate Repository, it meaning 83% Repository's capacity, with perspective to have it full in
one year and four months ahead, feeding the Repository with the same rate of recipients that were
been produced. For about 40% of all stored recipients were compressed materials with very low
activity: yellow plastic cover shoes, yellow plastic bags, yellow cotton coveralls, yellow rubber
gloves, papers in general, etc. A second Intermediate Repository was empty and ready to receive just
a new type of recipient: 1 m3 Liners, for Evaporator Concentrate and Waste Resins. So, the plant
owners would have the necessity to identify the best alternative to have more available space in the
repository, in order to extend its life for some years more. Considering the Super-Compaction process
and Segregation of materials inside the old stored drums, the second one were considered with better
advantages in regard of: lower costs per recipient, possibility to reuse and recycle materials in good
condition saving money, no investments in materials or equipment, immediate service start up,
considering the available work force, and the possibility to remove non-contaminated material from
the Repository, forever. Build a Incinerator or to erect a new Repository were rejected alternatives,
considering the very high costs and spent time involved. [8]

1 Monitoring Management Manager
2 Radiological Protection Manager
3 Radiological Protection Supervisor
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2. SEGREGATING THE CONTAMINATED MATERIALS INSIDE THE OLD DRUMS

2.1 Objectives and Goals

The job started at April 24th, 1995 and finished at January 10th, 1997. The initial objective was
process 1800 recipients stored between 1982 and 1990 in the Repository I, considering the possibility
of 30% volume reduction.

2.2 Human Resources, Materials And Equipment

A crew of 8 contracted experienced laborers, 2 Radiological Protection Technicians and one
Radiological Protection Foreman, from Angra I NPP, working in average 40 hours per week,
completed the job. Material resources used in the job: Consumables (Personal Safety Devices, decon
detergents, rags and materials for general cleaning), Monitoring Instruments (portable, fixed and
personal), and moving cargo equipment's (truck, loader, and handcar). As those material were still
available, no additional expenses were done.

2.3 Procedures and Controls

A specific procedure was produced and included into the Plant Operation Manual [6], which
described the operations and controls improved, in order to comply with the National Nuclear Energy
Commission (CNEN) standards[4,5], Plant Radiological Protection Procedures[6] and preliminary
Regulatory Authority inspections and requests performed.

2.4. Segregation

A Segregation Tent with 5 m x 3 m x 3 m was mounted inside the Repository 1, in a low radiation
area (1.5 uSv/h), covered with plastics, and with two 0.48 m3/s ventilation units provided with pre-
filter and HEPA filter, allowing the personnel to open safely the 0,208 m3 drums, remove the waste
and place it above a metallic table. This table was specially mounted, made in steel, with identified
circle holes over metallic drums covered by plastic bags, and each type of waste were sent to a
specific drum, after segregation and decontamination. The workers who handled the waste were
wearing protective clothes, glasses and respirators, avoiding radioactive intakes, external
contamination and/or any contact with microorganisms {bacteria and fungi).

2.5 Initial Radiometry

After the segregation, the bags containing dry rags, plastics, plastic recipients, dry papers and other
savable materials, were moved for a Monitoring Tent. The wet material, putrefactive or with doubts in
its radioactive monitoring were pressed again in 0,208 m3 drums using a 12,000 N baler. The
Monitoring Tent, located on the Repository 2, was similar to the Segregation Tent but shielded with
lead blankets to reduce background level and without forced ventilation. The monitoring process was
performed by a Radiological Protection Technician using a Beta/Gamma proportional counter, with P-
10 gas flow, four large area detectors, with set point for 0.85 Bq/cm2, bellow the authorized limits
established by CNEN [4,5]. All materials were individually monitored and if contaminated they were
sent back into a drum. The non-radioactive materials, in this step, were cleaned with germicide and
released for reuse or, if non-usable, send to final repository as conventional industrial waste.

2.5 Material Differentiation

The material made using yellow plastic (eg. booties, overshoes), not contaminated and non-usable,
were differentiate using a special industrial plastic cutter machine, specially designed to cut plastics
which have a grid of nylon fibers in its structure. Other yellow materials were manually differentiated
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2.6 Radiometry Before Releasing Material as Conventional Industrial Waste

All non-usable materials were packed in waste bags, weighted and completely monitored, in a low
background area, with a scintillator probe, type SPA-3, coupled to a ratemeter. A final survey were
performed by counting samples, pressed inside a 1 liter Marinelli recipient, with cut out material from
each waste bag, in a Multi-Channel Analyzer with hyper-pure Germanium detectors, located at the
Radiological Protection Division Environmental Laboratory [9,10]. The authorized limit from CNEN
used to characterize as radioactive waste was 74 Bq/g, and an operational limit or clearance level of
7,4 Bq/g (one tenth of regulatory limit) was established, assuring compliance to the CNEN standards
[4,5], Administrative Limit [6,7] permitting to minimize the released activity.[2]

2.7 Re-compaction

The material which failed in any of the three monitoring steps and those putrescent, or those difficult
to be monitored, were sent for to be re-compacted in the same metallic drums which were liberated
during segregation phase. This 12,000 N baler had capacity three times more than the other one used
in the 1982 to 1990 period.

2.8 Microbiological Controls

In order to attend the Industrial Hygiene requirements, in face of the stored material nature, it was
established a microbiological control of the work environment and reused materials, by assessing air
samples and floor, general surfaces and skin workers smears, each two months, that had been done by
an accredited Biological Laboratory. Routine daily biological cleaning were performed on the floor
and tents, by using a 2% hypochloride solution and an industrial germicide for material asepsis, and
air cleaning was done by using a germicide spray.

2.9 Radiological Controls

All workers were using personal dosimeters in order to control individual and collective doses. The
protective clothes were used inside of the tents and when handling the segregating material, intending
to avoid radiological and microbiological contamination. Routine daily surveys, covering air
sampling, loose contamination on surfaces and dose rate, were performed in the operating areas.
Daily check tests were performed on the radiation monitors used, with the objective to assure the
validity of their calibrations.

3. RESULTS

3.1 Recycled Material and Monetary Return

Considering all the material recovered and recycled (e.g: drums, wood pallets, booties, overshoes,
plastic bags and cotton protective coveralls) an amount of U$ 359,759.52 were saved, and after
removing the laborer payments and operational costs a financial return of U$ 19,228.29 was observed.

3.2 Packages Released As Ordinary Trash

A total of 10,119 waste bags, corresponding to 85,984 kg, were released as ordinary trash, after each
one had bee monitored three times.

3.3 Individual and Collective Dose Follow Up

The job was performed with no abnormal doses. During the job period the highest individual dose
was 7.52 mSv, the average dose was 1.15mSv/worker and the collective dose was 99.2
Man.mSv,13,8% below the initial estimated value.
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3.4 Repository's Space Evolution

After finished the job, it was observed 50% of the Repository's space initially occupied by low level
compacted waste was released to be filled with newer produced waste drums. A total of 1,701 old
stored drums were segregated and only 425 drums were re-compacted, it meaning 75% drums were
released after segregation performed.

4. CONCLUSIONS

The compacted radioactive waste, stored in Repository 1 during 1982 and 1990, showed radionuclides
with short half-lives (less than 30 years), confirming no fuel failure happened in the period. The large
quantity of recovered material was, primarily, in function of the practice used in the plant in its early
years, considering all yellow material used inside radiological controlled area, as contaminated
materials. The decontamination processes, radioactive decay since 1982 and higher compaction
capacity, contributed greatly with those results. The resulting specific activities from released
materials, well below compared to that required by Brazilian Regulator CNEN, confirmed as
adequate the operational limits established at Angra Site. The optimization concept was attended,
considering that no more non-radioactive material will occupy a space destined for radioactive
material. The option to perform a segregation first, before choose another waste stored reduction
alternative, was considered correct. Actually, Angra perform, in a routinely basis, the segregation of
the waste produced inside the RCA. For the future, other option is being considered, again, to reduce
the compressible waste stored into the Repository.
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Abstract

The problem of safe management of disused radiation sources generated from the use of
radionuclides in industry, research and medicine is very important for the Ukraine. This paper
discusses some methods to solve this problem. The methods could be termed preventive and are
aimed at determining and implementing an appropriate national regulatory policy in the sphere of
activities with sealed sources. This policy includes a wide spectrum of measures: from political
steps to the creation of a State computerized inventory system. It has led to a reduction in the
quantity of radiation sources which have to be subject to reprocessing and disposal in the
Ukraine. The content, reason and phases of realization of each issue of this policy in the Ukraine
are discussed.

1. INTRODUCTION

According to estimates of the Ukrainian regulatory authorities, more than 100 000 sealed
radiation sources are used in the country. The overwhelming majority of the sources were
produced in Russia and they have been in operation from five to fifteen years. Since the
technical specifications for sources produced in Russia specify a time limit for use regardless of
the physical condition of the source, thousands of such sources should be withdrawn from
operation and be transferred to the disposal facilities or to production plants for reprocessing of
these sources annually. Ukraine has no enterprises for producing sources, therefore the
opportunity for reprocessing disused sources within the country is practically excluded. The
Russian manufacturers no longer accept disused sources for reprocessing from abroad and
therefore the number of sources for disposal at Ukrainian disposal facilities has increased
appreciably.

2. THE MAIN ISSUES OF REGULATORY POLICY IN REDUCING SOURCES
SUBJECT TO TREATMENT AND DISPOSAL

Taking into account that the projects and technologies for disposal of disused sources in
the Ukraine are out-of-date and that their modernization will require significant time and capital
financing, the regulatory authority has developed a new policy for activities with radiation
sources. Basic components of this policy are as follows:
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(a) Creation of an effective inventory system for radiation sources, their location and
technical state.

(b) Licensing of activities with sources.

(c) Conclusion of bilateral agreements with the States that are basic suppliers of sources to
provide a legal basis for the return of sources to the enterprises or manufacturers.

(d) Establishment of restrictions for import into the Ukraine of sources without the obligation
of the supplier (factory, manufacturer) to take back the sources upon request of the user.

(e) Improvement of the efficiency of source use for sources that are already in use in the
Ukraine by creating a database which will be accessible for potential consumers. Such a
database will contain information on sources which are not presently in use by their
owners, but which could be used in the future.

(f) Creation of a system for re-examination of sources in order to extend their useful lifetime.

3. REGULATORY MEASURES CONTENT

3.1 Creation of a computerized State inventory system

One of the important elements that will allow the regulatory authority to plan and carry
out the policy directed to reducing the amount of disused sources is an accounting system for
radiation sources and checking their location. According to a governmental decision, such a
system is now being developed in the Ukraine in the form of a State register of sources [1]. It is
planned that this system will enable the supervision of the location of each registered source. It
will also enable the owner of the source to be identified. This system will provide information on
sources which are in working order but are not used anymore by their owners. Such sources could
be sold to other enterprises. Such internal exchange of sources will contribute to the reduction of
radioactive substances imported into the Ukraine. In addition to the establishment of the register
it is intended to promote a reduction in the number of orphaned sources and the illicit traffic in
such sources [2]. Planning the number of sources which will be transferred to a disposal facility
in the future will also be possible by means of the register. This prognosis is important for
planning the construction of new facilities for conditioning and disposal of spent sources.

3.2 Bilateral agreements

In order to restrict the accumulation of disused sources in the Ukraine, it appears logical
to conclude a special agreement with Russia regarding the return of disused sources to the
enterprises, which produce and reprocess such sources in Russia. The government has given this
commission to the Ministry of Industry and to the Ministry of Foreign Affairs. At the same time
the Regulatory Authority will require Ukrainian suppliers of sources to ensure that contracts
dealing with the import of sources into the country oblige the foreign enterprise (supplier) to
accept disused sources back.
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3.3 Extension of sealed sources term of use

Another way for the reduction of the amount of sources subject to disposal is the
extension of the term of their use. The sources, radiation characteristics of that allow their further
using in the devices or technological processes, can be put to the test to check their tightness
(absence of leakage) and other properties that are important for confirmation of the safety of the
further application of a source. Now the regulatory authority elaborates the appropriate
procedure, based on Ukrainian standards, that are suitable for certification of production. In
order to make, according to this procedure, the decision about extension of the working life of a
source, the realization of the following measures is supposed:

• Assignment of service centers which will carry out all complex tests for re-certification of
sources.

• Test of source tightness (leakage test).
• Test of other characteristics of the sources according to full a schedule that is stipulated by

technical specifications of the manufacturer.
• Test of tightness (leakage test) of source after each kind of tests.
• Setting, for sources, characteristics which meet the accepted safety requirements, new term of

operation, which should not be larger than half of the term which was originally established
by the manufacturer.

• Issuing the certificate for the source.
• Providing of periodic technical supervision of sources in situ.

Such a procedure, despite its relative complexity and necessity of equipping of the service
centers by special protective outfit, will allow the regulatory authority to be sure that, if periodic
leakage testing of sources in situ is provided, such sources can be used with an acceptable level
of safety.

4. CONCLUSIONS

Implementation of all mentioned measures will give the regulatory authority the
possibility to realize the policy, which will prevent import to the country of a redundant quantity
of sources, as well as reduce the number of sources that will be subject to disposal.
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Abstract

A variety of methods was used to investigate the surface of stainless steel as
delivered or treated (electrochemically polished, machine ground). Micro X-ray
spectral analysis evidenced a uniform distribution of alloying elements. Auger
spectroscopy revealed the layer-by-layer composition by elements and the thickness of
the superficial oxide film. The distribution of heterogeneous uranium dioxide
powders on the stainless steel surface was examined by microprobe analysis (using
Comebax). In the order of increasing contamination by uranium dioxide, the surfaces
can be arranged as: untreated - polished - ground. The behaviour of hydrogen
peroxide in alkaline solutions was studied by spectrophotometry and laser analysis.
Decontamination of stainless steel surfaces from UO2 by microgaseous emulsions in
alkaline media with surfactants present was tested. The decontamination factor was
determined as a function of the size and volume of gas bubbles. It was shown to rise
with increasing gas content.

1. INTRODUCTION

Operational radiochemical equipment exposed to radioactive solutions is
contaminated deep inside. Radioactive matter penetrates into superficial oxide films,
cracks and pores, by diffusion or chemosorption. Solid U and Pu as well as Sr and Ce
used for manufacturing fuel elements and radiation sources or isotopic power
generators are also contamination contributors. The finest particles of high level
contaminants interact with stainless steel to become firmly attached to its surface by
chemoadhesion. For decontamination to be powerful, the oxide film and underlying
thin metal layer should be dissolved. Although, dissolution prevents fresh surfaces
from radionuclide re-sorption. Structural materials used in the nuclear industry and
contaminated with radioactive material are the subject of this research.

2. EXAMINATION OF STAINLESS STEEL SURFACES PRIOR TO
CONTAMINATION

The stainless steel surface in as-delivered, polished or ground state was
examined by interferometry. The surface irregularities were found to depend upon the
treatment type. Micro X-ray spectral analysis by means of Comebax evidenced
uniform distribution of alloying elements on the stainless steel surface. The
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morphology of all surface types prior to contamination was studied by scanning
electron microscopy. Auger spectroscopy was used to examine the layer-by-layer
composition by elements and the oxide film thickness. As-delivered stainless steel
was found to be covered with a thin hydrocarbon film about 10 A thick. The film
contained sulfur, oxygen and chlorine and no stainless steel components. The organic
film was underlined by an oxide film as thick as 20 A. Ground stainless steel revealed
a two-layer oxide film with a total thickness of about 60 A: the outer layer was rich in
iron while the inner one contained chromium. Upon etching, the stainless steel
surface showed no impurities. Electropolished stainless steel demonstrated a high
iron oxide film ~ 30 A thick. The film also contained nickel, chromium and traces of
phosphorus, chlorine and sulfur. The traces can be attributed to electropolishing
mixtures of sulfuric and phosphoric acids. Upon etching, none of these elements was
detected.

IR-spectroscopy evidenced an oxide film of a-FeO, (5-FeOH, 5-FeOH and y-
Fe2C>3 produced on an untreated non-contaminated stainless steel surface. On ground
and polished surfaces, similar iron oxides and hydroxides were not detected.

3. UO2-PARTICLE DISTRIBUTION OVER STAINLESS STEEL SURFACES

The dependence of contamination by uranium dioxide heterogeneous powders
on the stainless steel surface treatment was evaluated in terms of the adhesion number
gF. The gF value was calculated from variations in the weight of powder scattered
over the stainless steel surface.

With as-delivered stainless steel, the powder scattering resulted in low
contamination. A hundred fields 200x200 mm in size were measured. The maximum
amount of powder particles over this area was no more than 20, the maximum particle
size being 25-35 mem. No preferential contamination of recesses was observed.
Great wavy contamination was typical of the ground stainless steel surface which was
covered with large agglomerates about 50 mem in maximum size. The polished
surfaces were characterized by moderate wavy contamination. Large agglomerates
30-50 mem in size separated by uniformly distributed fine powder particles were
observed.

An investigation into decontamination of stainless steel surfaces by
heterogeneous colloid foams - microgaseous emulsions - called for data on the
oxygen release during hydrogen peroxide decomposition in alkaline media and on the
size of oxygen bubbles involved. For this purpose, a laser size analyzer was
developed.

4. HYDROGEN PEROXIDE BEHAVIOUR IN ALKALINE MEDIA

In alkaline media, hydrogen peroxide decomposes on the stainless steel surface
to saturate and oversaturate the aqueous solution by oxygen bubbles. Upon
nucleation, these bubbles tend to grow and break away from the surface. The
saturation by oxygen, using 5% OEDPA + 5% H2O2 + n% NaOH as a
decontaminating solution, was studied by spectrophotometry, where n is 0.64; 3.2;
4.0; 4.8; 5.6; 6.4; 8.8%. Spectrophotometric measurements showed that:
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- hydrogen peroxide decomposition accompanied by oxygen release increased
considerably with rise in the alkali concentration; with n varying from 3.5 to 8.8%,
the optical density increased from 0.18 to 1.3 at a wave length of 340 nm;

- no colloid systems formed, or variations in the molecule aggregation or other
heterogenities were observed.

Thus, the hydrogen peroxide decomposition produces oxygen bubbles which
nucleate at the stainless steel surface within the decontaminating solution bulk and
grow due to sorption and coagulation of the gas evolved.

5. UO2 REMOVAL FROM METALLIC SURFACES BY MICROGASEOUS
EMULSIONS

The decontamination efficiency for as-delivered, polished or ground stainless
steel contaminated by UO2 (40% U-235) rubbed in the surface was tested using
microgaseous emulsions ( colloid foams). The starting contamination varied from 20
to 50 Bq/cm2 . The decontaminating formulations used were as follows:

1. 3.5% NaOH + 4% H2 O2 + 0.2% oxyphos KD-6;
2. 5.0% NaOH +5%H2O2 + 5.0% OEDPA + 0.2% oxyphos;
3. 4.0% Na2CO3 + 2% H2O2 + 0.2% oxyphos;

With formulation 1, the average decontamination factor (DF) at a 20°C- treatment was
3.4 for as-delivered surfaces, 3.9 for polished ones and 4.3 for ground surfaces. The
second decontamination cycle, performed at 80°C, increased the DF value by 1.5, 1.2
and 1.1 times, respectively, up to 5.1; 4.7 and 4.7. Formulations 2 and 3 enabled all
types of surfaces to be decontaminated completely at 20°C within 30 s.

The data show a considerable dependence of the DF value upon the
decontaminating formulation. Electron microscopy evidences that as much as 80% of
decontamination by the formulations mentioned could be attributed to a physical
process of breaking away uranium dioxide particles above 1 mem in size from
stainless steel surfaces along with oxygen bubbles evolved.

A complexing agent (OEDPA, Na2CO3) added, contributed to a complete
removal of uranium dioxide even at room temperature. In its presence U(FV) oxidises
to U(VI) to form readily soluble compounds. Relying on the laser analyzer
measurements, the size of bubbles evolved from the formulation containing OEDPA
nitrate does not exceed 5 mem. The experimental data indicate the dependence of
efficient decontamination on the gas content of a decontaminating agent, or more
precisely, on the oxygen evolution rate. It suggests a kind of near-surface gas-
hydrodynamic quasi-liquefaction mechanism which promotes the dissolution and
removal of uranium dioxide from stainless steel surfaces. As follows from IR-
spectroscopy, major products of stainless steel surface oxidation are iron hydroxides
and oxides as well as chromium and nickel oxides.
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Abstract

There are a number of industries generating NORM wastes in Malaysia. These include
oil and gas and minerals/ores processing industries. A safe management of radioactive wastes
is required. The existing guidelines are insufficient to help the management of oil and gas
wastes. More guidelines are required to deal with NORM wastes from minerals /ores
processing industries. To ensure that radioactive wastes are safely managed and disposed of, a
National Policy on the Safe Management of Radioactive Waste is being developed which also
include NORM waste. This paper describes the current status of NORM waste management in
Malaysia.

1. INTRODUCTION

Malaysia has only one 1-MW Triga Mark II nuclear reactor, located at the Malaysian
Institute for Nuclear Technology Research (MINT), used for research purposes. Thus, nuclear
waste is yet a problem in the country. Much emphasis is being given to the handling of
NORM wastes due to the existence of a large number of industries involved in the processing
of Naturally Occurring Radioactive Materials (NORM). Oil and gas and minerals/ores
processing industries are the main contributors to the generation of NORM wastes.

The operations of NORM industries are controlled under the Atomic Energy Licensing
Act 1984 enforced by the Atomic Energy Licensing Board of Malaysia (AELB). The act
superseded the previous Radioactive Substances Act 1968. AELB is developing more
regulations and guidelines in order to ensure safe handling of radiation sources including
NORM. NORM processing operators require licenses from AELB to operate. Licensees have
to meet the requirement of the license conditions set by AELB. Industries usually engage
consultants to comply with the requirements. MINT is one of the consultants which provides a
wide range of services to the industries. This includes the management of radioactive waste
through its National Radioactive Waste Management Center, preparation of Radiological
Impact Assessment (RIA), providing Radiological and Environmental Monitoring,
Radioactive Balance Analysis, operational safety analysis and NORM analysis. This paper
describes the current status of NORM waste management in Malaysia.
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2. NORM INDUSTRIES

2.1. Oil and Gas

As in other parts of the world, Malaysian oil and gas industries are also producing
radioactive wastes in the form of sludges and scales. Radionuclide concentrations in
Malaysian sludges have been reported to be low (1,2). The level of radionuclides
concentration in scale are generally low, but show quite significant amount of radium. For
instance, one sample has been detected to contain an activity of 160 Bq/g and 250 Bq/g of Ra-
226 and Ra-228 respectively. However, the volume of the scales generated is small as
compared to sludges in which about 500 tonnes of sludges are generated from one crude oil
production terminal (COPT).

2.2. Minerals/Ores Processing

2.2.1 Tin Smelting

Malaysia is one of the major world's tin-producing countries. Tin ingot for export is
produced from two smelting plants. In smelting process, tin ore concentrates which contain
significant amount of radioactive minerals such as monazite, zircon and ilmenite were used as
raw materials. In the process, tin slag containing naturally occurring radionuclides (NOR) is
generated as waste. The concentrations of radium-226 (uranium series) and radium-228
(thorium series) in tin slags are 2 Bq/g and 3 Bq/g respectively (3).

2.2.2 Rare Earth

Rare earth industry was in operation in Malaysia from 1982 to 1992 which left quite
substantial amount of radioactive NORM wastes. Under a license from AELB the waste is
stored at a long-term storage facility. The industry previously processed xenotime and
monazite minerals to produce rare earth. The wastes generated from minerals processing
include xenotime sludge (190 Bq/g Ra-226, 250 Bq/g Ra-228), thoria (0.45% U, 0.5% Th),
lead cake (26 Bq/g Ra-226, 350 Bq/g Ra-228) and tri-calcium phosphates (0.1 Bq/g Ra-226,
0.6 Bq/g Ra-228) (3).

2.2.3 Titanium Dioxide

Titanium dioxide (TiO2) is produced from ilmenite or synthetic rutile. There are two
companies producing TiO2 using sulphate and hydrochloric processes. Red gypsum (0.1 Bq/g
Ra-226, 0.06 Bq/g Ra-228) and iron oxide (0.7 Bq/g Ra-228, 0.9 Bq/g Ra-228) are produced
as solid wastes (3).

3. REGULATORY CONTROL

As for wastes from oil and gas industries, LEM/TEK/30 Sem. 2, a guideline issued by
AELB is used. The guideline spells out the need for a Radiological Impact Assessment (RIA)
to be carried out for the disposal of waste from oil and gas industry. If the RIA shows that
additional radiation dose to the member of public is less than 1 mSv/y, then the disposal by
landfill will be exempted from control.
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In practice, AELB is using a constraint limit of 0.3 mSv/y. A Code of Practice is being
developed by a committee set up by AELB to encompass more comprehensive guides for the
industries. With regard to treatment of wastes, dose assessment is required prior to approval
from AELB. In some cases, radiological monitorings are required to be carried out during the
treatment. As for NORM wastes from minerals/ores processing, there is no specific guideline
for its management. However, AELB usually issues license with conditions to be fulfilled by
the licensees. RIA is also needed for the landfill disposal management of NORM wastes from
minerals/ores processing.

4. WASTE MANAGEMENT

4.1. Oil and Gas

At the moment, management of sludge and scales are controlled by AELB. Some
companies apply sludge farming method to treat the waste in order to remove the hydrocarbon
content through bio-degradation process. This method is simple and cheap but the process is
very slow and it requires a large area of land. Extraction method is also used to reduce the
volume of the sludge. Incineration is another alternative to remove hydrocarbon content. The
final waste from treatment processes (matured sludge, extraction residues and ash) need to be
disposed of properly with the approval from AELB.

Disposal of NORM waste is still a problem. For low-level activity waste, landfill
disposal is one of the potential options. There are companies applying licenses to dispose of
their matured sludge by landfill at the companies premises. MINT was asked by the
companies to come up with the RIA reports for consideration by AELB. To undertake the
task, a computer code, RESRAD, developed by Argonne National Laboratory US was used.

4.2. Mineral/Ores Processing

Tin slag from a tin smelting plant was used to reclaim a piece of swampy land which
will be used as a site for building a warehouse. RIA was carried out by MINT prior approval
from AELB. RESRAD was also used for dose assessment.

Xenotime and monazite processing wastes were initially dumped in ponds and in
drums at the company's premise. Later, all the waste was dug out from the pond and
transferred into steel drums. The drums were then transported to the long-term storage facility.
This facility is a proper building with concrete bays which could hold more 20,000 tonnes of
wastes. Radiological and environmental monitoring is being carried out at this facility to
monitor possible release of NORM into the environment. Studies have been carried out by
MINT to condition the waste by cementation. It turns out to be quite costly. Thus, the final
disposal can possibly be carried out with or without conditioning. As the company ceased its
operation, there is a need to decommission the plant. Contaminated soil and plant components
are planned to be sent to an engineered cell at the long-term storage facility.

The wastes from TiO2 plants are voluminous. Iron oxide seems to have significant
radioactivity level as compared to red gypsum. The waste is temporarily dumped at
companies' premises. There is no final solution this wastes as yet.

91



In an industry where zircon and other mineral are used for polishing glass panel,
sludges are produced as wastes. As radioactivity level of the wastes is low, the sludge is sent
to an authorised private company specialised in treating/conditioning and disposing hazardous
chemical wastes.

5. POLICY

The government of Malaysia is now developing a National Policy on the safe
management of radioactive wastes. The policy also covers NORM waste.

6. REMARKS

Management of NORM waste is still a problem in Malaysia. Only very low-level
waste is possible to be disposed of as landfill materials. More guidelines are required to solve
the disposal problem of NORM wastes.
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Abstract

Systematic experiments on heavily irradiated pure, doped and natural rock salt samples have shown
that with increasing dose the stored energy value increases without any sign of saturation, which is
contrary to the conventional belief. In some cases, formation of relatively large voids is observed
followed by a sudden fracture of the material. We have presented a concept of the microstructure
evolution, which explains the phenomena observed in NaCl samples. This concept can be a prototype
of a more general assessment of radiation effects in crystalline radwaste and repository materials,
which is necessary for the evaluation of critical effects under storage conditions and maximisation of
stability of repositories.

1. INTRODUCTION

• One of the largest and most costly challenges facing the industrialized countries using nuclear
energy is the disposal and/or the elimination by transmutation of nuclear high-level waste, particularly
separated fission products, plutonium and other actinides. Apart from the scientific and technological
problems related with the underground storage of high level waste there are social problems, which
should be solved. This requires flexible (retrievable) solutions for the overall design and as much
freedom as possible in the choices for the materials used in the intense radiation fields close to the
waste canisters. There are several host rock formations, which are being considered as possibilities for
future storage of HLW. In Europe these formations are granite, rock salt (NaCl) and clay, in the US
rock salt and granite are the prime candidates [1].

Important issues in the HLW storage are retrievability and our efforts to facilitate future
monitoring of storage sites with HLW. Instabilities in the storage site might endanger the
retrievability of the HLW and monitoring will help us to avoid these instabilities.

This paper deals with radiation stability of rock salt. Not only it is a candidate material for
HLW storage, but its fundamental properties are used as being representative of other ionic systems. It
is also a material, which has been systematically studied [2-5].

The problem of radiation damage, generated in artificial and natural NaCl samples still exists,
because it is impossible to simulate storage conditions directly with laboratory or in-situ experiments.
The gap between laboratory situations or in-situ conditions on one hand and storage conditions on the
other hand can be closed by applying suitable models describing the radiolysis processes. In order to
achieve this, we need new models, because we have found during our investigations that we are not
able to explain important features of damage formation in NaCl with the existing models (reviewed in
ref. [2]). We have observed experimentally [3-5], that in many of heavily irradiated NaCl samples, (i)
no saturation of radiation damage with dose is observed and (ii) relatively large vacancy voids can
form together with radiolytic sodium and chlorine precipitates. What is more, the void formation is
often followed by a sudden fracture of crystal and by its decomposition (Fig. 1). We have also found
that the radiation damage depends upon the presence of impurities, indicating that it is important to
investigate the effects of doping. Natural rock salt from the Netherlands and Germany (Asse) does not

93



behave as pure NaCl. In these materials large voids are produced at relatively low doses, and in
accordance with this observation, relatively early fracture of the materials has been observed, which
supported the idea that voids are important ingredients in the fracture processes.

Until now the role of voids was not taken into account, because this is impossible within the
framework of the various Jain-Lidiard type radiolysis models. The difficulty appeared to be the
creation of electroneutral vacancy pairs, since irradiation produced only Frenkel pairs in halide
sublattice (Hand F center). We have proposed a new model [6, 7], which involves the production of
VF centers (a cation vacancy with a self-trapped hole) at dislocations as a result of their reaction with
H centers. Electroneutral vacancy pairs are created then at the surfaces of halogen bubbles due to the
reaction between VF and F centers.

2. MICROSTRUCTURE EVOLUTION AND FRACTURE OF MATERIAL

Figure 2 illustrates the radiation-induced reactions between point defects (PD) and extended
defects (ED) based on the new model [6]. Primary radiation-induced PD, namely, H and F centers,
separate ultimately into bubbles, dislocations and metal colloids, which results in production of the
secondary PD (cation vacancies) and ED (vacancy voids). It can be seen that the amount of stored
energy in most cases increases almost linearly with the irradiation dose and shows no signs of
saturation (Fig. 3). Only samples doped by Ba and Br do show clear evidence of saturation, which
appears to be a particular case. For doses higher than 100 Grad, the void dimensions can exceed the
mean distance, first, between bubbles and then between colloids resulting in their collisions with
voids [6]. These collisions change the void evolution drastically.

According to the present model, chlorine bubbles (3 to 4 nm in size) are the most finely
dispersed ED in the system (the inter-bubble spacing is typically below 10 nm [7]) so that they start to
collide with growing voids first, filling them with chlorine gas. Chlorine accumulation in voids
provides a very important possibility for the explosive back reaction with metallic sodium when a
growing void hits a colloid. The amount of released energy in this reaction is proportional to the

energy released due to formation of one NaCl molecule, ^NaCl, and to the number of molecules
formed as a result of collision. The latter is equal to the mean number of sodium atoms in a colloid,
which is close to the number of chlorine atoms accumulated in the void at the time of the collision.
The released energy heats up the reaction products inside the void resulting in an instantaneous
pressure increase, which can be estimated as [8]

c5 co ( 1 )

where c is the colloid volume fraction, <° and ^ are the atomic volume and shear modulus of
NaCl, respectively. So the pressure increase due to the back reaction is proportional to the colloid
volume fraction or and can be as high as several GPa. Such an increase of pressure may initiate a
crack propagation from the void along the matrix cleavage plane (100) if it is bigger than some

threshold value, which depends on the void size, [7]: !h f' , where •' is the fracture stress
corresponding to the Griffith crack:

07 = pyE/xRv ^ (2)

P
where v is the void radius and E is the Young's modulus. The pressure and temperature spike is
extremely short (in the pico-second range), which restricts the crack propagation distance to about
100 nm and results in the transition of an equiaxial void into a penny-shaped crack. This is illustrated
in Figs. 4 showing the void-crack evolution with increasing irradiation dose and the amount of stored
energy measured as the latent heat of melting of Na (LHM). The crack length increases gradually,
which can be explained by a combined mechanism of diffusion accumulation and explosive release of
energy in voids and cracks.
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Ultimately, the diffusion- plus explosion-driven crack growth results in their coalescence
(Fig. 4b) followed by fracture of the material into small pieces. The explosive fracture of irradiated
samples can be also induced by their subsequent heating to temperatures of about 200°C as shown in
the Fig. 1.

3. SUMMARY

The presented scenario of the evolution of radiation-induced stored energy in rock salt is in a
marked contrast with that predicted by previous models reviewed in ref. [1]. The general conclusion
has been that the stored energy saturates with increasing irradiation dose. However, systematic
experiments on many (pure, doped and natural rock salt) heavily irradiated samples have shown that
with increasing dose the stored energy value increases without any sign of saturation. In some cases,
formation of relatively large voids is observed followed by a sudden fracture of the material. Only in
materials with particular dopants, a saturation behavior can be expected, which shows the need for
reliable criteria of material stability. We have presented a new concept of the microstructure
evolution, which is verified by the phenomena observed in NaCl crystals. This concept can be a
prototype of an adequate description of the long-term behaviour of the important insulating materials
in intense radiation fields, which can be employed for an evaluation of the critical effects expected
under storage conditions and creation of radiation resistant materials.
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Fig. 1: Explosion-like fracture ofNaCl+K (0.1mol%) samples irradiated with 0.5 MeV electrons to
300 Grad. SEM microgragh of the exploded sample reveals large fragments and dust-like particles.

\ \ i
Loop punching I Elastic interaction Loss of coherency

Release of stored energy due to absorption of
C/2-bubbles and A/a-colloids by growing voids

Fig. 2: Diagram of radiation-induced reactions between point defects (H- and F-centers, and cation
vacancies) and extended defects (bubbles, dislocations and colloids) resulting in the void formation.
Release of stored energy due to absorption of chlorine bubbles and sodium colloids induce the void-
crack transition and a subsequent fracture of crystal.
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Fig. 3. Comparison of experimental data on dose dependence of colloid volume fraction
(proportional to the LHM of Na) in crystals doped with different impurities and
irradiated at 100 °C, 240 Mrad/h with theoretical results obtained for different
dislocation densities.
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Fig. 4. SEM micrographs showing vacancy voids and cracks in natural rock salt crystals
irradiated with 0.5 MeV electrons.
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Abstract

The Recharge Area Concept is the proposition that in Canadian-Shield type natural environments
recharge areas of regional groundwater flow systems are superior for high-level nuclear waste
repositories to other types of groundwater flow regimes, especially to areas of groundwater discharge.
This conclusion is reached from an analysis of basinal groundwater flow models. The calculations
were made for a two-dimensional flank of a fully saturated topographic basin, 20 km long and 4 km
deep, in which groundwater is driven by gravity. Variants of hydraulic-conductivity distributions were
considered: 1) homogeneous; 2) stratified; and 3) stratified-faulted. The faults attitudes were changed
by steps from vertical to horizontal for different variants. The model is assumed conceptually to
represent the crystalline-rock environment of the Canadian Shield. The hydrogeologic performances
of hypothetical repositories placed 500 m deep in the recharge and discharge areas were characterized
by thirteen parameters. The principal advantages of recharge- over discharge-area locations are: 1)
longer travel paths and return-flow times from repository to surface; 2) robustness of predicted values
of performance parameters; 3) field-verifiability of favourable hydrogeologic conditions (amounting
to an implicit validation of the calculated minimum values of return-flow times); 4) site acceptance
based on quantifiable and observable flow-controlling parameters; and 5) simple logistics and
favourable economics of site selection and screening. As a by-product of modeling, it is demonstrated
that the presence of old water is not an indication of stagnancy.

1. INTRODUCTION

The basic objective of nuclear waste disposal is to ensure that toxic contaminants from the
wastes do not harm humans and the environment. In the present plan of disposal in terrestrial
geologic media adopted by all countries, this effectively means that the possible escape of
contaminants from an underground vault must be prevented or at least retarded for a sufficiently long
period of time in the geosphere so as to render the radionuclides harmless if and when they surface.

It is almost axiomatic in nuclear waste disposal to regard groundwater as always the negative
agent by which radioactive contaminants escaping from an underground vault is brought up to the
surface. Due to this view, the major focus in the geologic work worldwide has been on studying and
characterizing all aspects of fractures (e.g. density, orientation, width, etc.) and associated features
(e.g. fracture fillings, matrix diffusion, etc.). However, many years of research in this direction has
shown that there are numerous intractable problems with the characterization and prediction of
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behaviour of fractures, fracture-associated features and processes. In this paper, we advance the view
that hydrogeology (more specifically, a clear understanding of regional groundwater flow patterns) can
be exploited so as to have groundwater delay the transport of contaminants to the surface and thereby
add another "barrier" to the planned system of engineered/geologic multi-barriers. We make the
propositions that such an understanding is the single-most crucial technical factor to be addressed in
ensuring the safety of geologic disposal, that a hydrogeologic model based on this understanding is
robust, and that such a model is amenable to meaningful assessment.

The two basic arguments upon which the Recharge Area Concept has been developed, are: 1) that a
position in a regional recharge area ensures the maximum degree of dilution and maximum possible
travel times back to the land surface (as compared with other positions in a basin of similar
hydrogeologic properties) for contaminants possibly escaping from a repository, and 2) that it is recharge
environments where the groundwater flow-characteristics are sufficiently insensitive to discrepancies
between actual hydrogeologic conditions and conditions assumed for purposes of calculations, to allow
the construction of adequately robust flow models and their validation.

2. MODEL CALCULATIONS

Four key characteristics of basinal groundwater flow have been calculated by numerical modelling.
Toth and Sheng (1996) [1] gives complete details of model calculations and results. The calculations
were performed for hypothetical repositories located at depths of 500 m, and 1000 m in both recharge-
and discharge-areas of topographically defined basins which are underlain by a geologic framework of
varying permeability distributions. The four flow characteristics are: 1) "return time", tj, or the travel
time of water from a repository to the land surface; 2) "repository-age of water", tr, or the travel time of
water from the land surface to the repository; 3) "return route", ls, i.e., the length of flow line leading
from the repository to the land surface in the direction of flow; and 4) "fault route", lf, or the total length
of that flow line inside of a highly conductive fault which passes also through a repository. These
characteristics were determined with reference to a point 500 m below the land surface and 1 km distant
from the lateral boundaries of the basin (Figure 1). The point is considered to represent the upper edge
of a repository. The repository extends over a surface area of 2x2 km and its centre coincides with the
basin's lateral boundaries at both the water divide (recharge side) and valley bottom (discharge side).

3. DISCUSSION OF MODELLING RESULTS

The most fundamental advantage of a repository location in a regional groundwater recharge area as
opposed to that in a discharge area is summed up in the first four items in Table I. Collectively they
indicate that in a recharge area groundwater flows downward with respect to the land surface, at
decreasing velocities which may approach zero in the direction of flow and beneath the water divide.
Conditions are opposite, on the other hand, in discharge areas: water moves from depth toward the land
surface with increasing intensity in the directions of flow and the thalweg boundary. In the field, the
sense of flow directions can be readily determined by measurements of fluid pressures and/or water
levels in wells.

As a consequence of the opposite nature of conditions in these hydraulic environments, two
associated key characteristics, namely the return-route length and the return time also are more
favourable for recharge area locations (Table I, Items 5, 7). Contaminants, possibly escaping from a
recharge-area repository would have to travel virtually the full width of the basin plus twice the depth to
which regional flow would take them. If originating from areas within one kilometre of the divide
boundary, this flow penetrates into the low permeability basement thereby delaying contaminant return
both by adding distance and reducing velocity; the route length is significantly greater than 20 km. From
a discharge area position, on the other hand, the contaminants would only have to travel 500 m, mostly
through the high permeability weathered zone, to reach the land surface. The different conditions are
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amply reflected by the difference in return times (Table I, Item 7): 8x106 a for the recharge area
repository and l.lxlO5 a for the discharge area repository. Both the return-route length and the return
time have significant bearings on the safety of a nuclear waste facility. The longer the route, the greater a
proportion of the contaminants is adsorbed on the rock matrix's minerals; the longer the travel time the
larger proportion of the radioactivity decays.

The age of the water in the recharge and discharge areas (Table I, Item 12) are noteworthy from two
standpoints. During the 1.3xlO5 years that descending meteoric waters take to reach a repository in a
recharge area they will be largely depleted in free or dissolved oxygen and will not be an oxidizing
agent. In the discharge area, on the other hand, by virtue of its high age, an 8x106 year old water could be
mistaken to indicate stagnancy, yet it is only l.lxl0 s years away from the surface.

4. CONCLUSIONS

The conclusions drawn from the analysis of the Recharge Area Concept as supported by model
calculations may be summarized as follows:

1. Recharge areas are superior to discharge areas for the siting of high level nuclear waste repositories.
Recharge area locations assure considerably greater minimum travel-path lengths and return-flow
times than do discharge area locations, and their effectiveness can be evaluated and purposefully
modified; this type of control is not possible for discharge area locations.

2. The possible presence of, even undetected, faults does not negate or compromise the theoretical
superiority or the suitability of recharge areas.

3. The hydrogeologic conditions required for the suitability of a recharge area location can be
recognized and verified from field observations and, to the extent needed for safety, evaluated and
critically assessed by modelling. This is not possible for discharge-area positions: the sensitivity of
regional hydrogeological conditions to changes in their controlling factors is low as compared with
that of the local conditions. Consequently, regional model estimates are robust relative to those
from local models.

4. Regional groundwater flow can be exploited to enhance the role (utility) of the geosphere as a
barrier to radioactive waste transport by judiciously selecting the basin and locating the repository
near the basin's crest. Such deliberate exploitation, as it were engineering, of natural conditions is
not possible for discharge-area repository-positions.
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Item
Number

1 "
2*
3*
4 *

5 "

6

7"

8

9

1 0 "

11

12 "

13

HYDROGEOLOGIC
CHARACTERISTICS

hydraulic head gradient
vertical pressure gradient
vertical component of flow
driving-force past the repository in direction
of flow and toward divide
minimum return route from repository to
surface {unfaulted stratified basin)
effect of faults on minimum return route
(unfaulted}
return-time from repository to surface „
(unfaulted stratified basin) "s
effect of dipping faults on minimum return
time from repository

effect of horizontal fault on minimum return
time from repository

minimum flow-path length from surface to
repository (unfaulted stratified basin)
effect of faults on minimum flow-path length
to repository (unfaulted)
age of water at repository t
(unfaufted stratified basinl r

effect of faults on age of water at repository

GROUNDWATER REGION
RECHARGE AREA

upward
less than hydrostatic
downward
downward weak,
decreasing to zero
greater than 20 km

reduce to -20 km

8 x i o 6 a t

reduce to:
(3toO,83)xio6a

reduce to:
(1,83to5,0)Xi05a
500 m

nil

~1 ,3x i o5 a t r H

reduce to:
~(2,7to3,2)xio4a

DISCHARGE AREA
downward
greater than hydrostatic
upward
upward strong and
increasing
500 m

nil

1 , i x i o 5 a t s D

possibly increase up to
1,exio5 a, mostly
reduce to 0,23 x 10.5 a
reduce to:
2,5X104 a
greater than 20 km

reduce to -20 km

-8 ,ox io6a t r D

reduce to:
~{0,42to2,6)xio6a

• general conditions
" conditions in reference (unfaulied and stratified) basin

d=0

Distance in km

Line of equal hydraulic head
(equipotential)

Flow line

Isoehrone of groundwater
travel time with value in years

Boundary of hydraulic conductivity

= Hydraulic head relative to
datum plane d=0; maximum
at divide: 400m

Location of hypothetical repository

1O-1om/s
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Abstract

A multiphase research program launched in 1989 to support Finnish authorities in their activities
concerning spent fuel management is reviewed. The Finnish program for spent fuel management has
so far managed to keep its original time schedule at least partly due to clearly defined responsibilities
between the nuclear energy producing industry and the authorities. It appears that the public sector's
research programme has been successful in its supporting role, because authorities have had good
possibilities to adjust the emphasis and volume of the research programme from the very beginning.

1. CONTEXT

The Nuclear Energy Act and Decree provide a distinct framework for the implementation and
research of nuclear waste management in Finland. According to the legislation, the producers of
nuclear waste are responsible for all measures needed for the management of the waste, and for the
arising costs. The authorities supervise nuclear waste management and issue regulations for this
purpose. The objectives and timetables for the implementation of nuclear waste management as well
as for the related research and planning are defined in a policy decision issued by the Council of State
in 1983, see Table 1. Subsequently authorities have made decisions on the more detailed principles
and requirements that power companies have to comply with in nuclear waste management. The
Nuclear Energy Act was amended at the end of 1994 and it stipulates now that all radioactive wastes
produced in Finland must be processed and disposed of in Finland.

TABLE 1. TIME SCHEDULE OF FINNISH SPENT NUCLEAR FUEL DISPOSAL.

Time period

1983 -1985

1986 - 1992

1993 - 2000

2000

2000-2010

2010 - 2020

2020

Work

Screening research of areas covering the
entire country

Preliminary site investigations

Detailed site investigations

Selection of final disposal site

Investigation shaft and complementary
investigations

Construction of the encapsulation and final
disposal facility

Beginning of finai disposal

Comment

as planned

as planned

as planned

Decision-in-Principle process in
progress

planned

planned

planned
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There are three main actors in the Finnish nuclear waste management programme, each with different
responsibilities. In order to fulfil the responsibility to take care of their spent nuclear fuel in Finland
after the amended Nuclear Energy Act, the nuclear energy producing companies Teollisuuden Voima
and Fortum (then Imatran Voima) formed a jointly owned company Posiva. The company started its
operation in 1996, and its mission is to plan and implement the disposal of spent nuclear fuel
generated in Finland. The overall leadership and control in nuclear energy matters in Finland belongs
to the Ministry of Trade and Industry (KTM). The ministry prepares the relevant national legislation
and international agreements as well as monitors compliance with them. Radiation and Nuclear Safety
Authority (STUK) is responsible for the supervision of nuclear and radiation safety. STUK has
prepared the national general safety requirements issued as the decision of the Council of State in March
1999. They cover the operational phase of the encapsulation and disposal facility as well as the post-
closure safety of spent fuel disposal. The preparation of more detailed guidance on the assessment of
long-term safety of the spent fuel repository is underway.

In May 1999 Posiva submitted its application for a Decision-in-Principle to establish a spent fuel
disposal facility in Olkiluoto area in the Eurajoki municipality. The application was supported among
other things by an Environmental Impact Assessment (EIA). The Nuclear Energy Act gives an absolute
veto right for the proposed host community of the spent fuel repository, and also STUK must give a
positive statement. Therefore, for a positive Decision-in-Principle three conditions must be fulfilled:
(1) the statements by both the community and STUK are positive, (2) the Council of State supports the
decision, and finally (3) the Parliament endorses the decision. The practical implementation of the spent
fuel facility further requires that Posiva applies for a Construction licence from the Council of State,
and Operation licence from the Council of State. Both applications must be backed by a detailed
safety analysis. To insure that the financial liability is covered, the power companies must annually
present cost estimates, based on their latest technical plans, for the future management of nuclear
wastes, including decommissioning of NPPs. They are obliged to set aside annually an amount of
money stipulated by KTM to the State Nuclear Waste Management Fund. For uncovered costs, the
power companies must furnish securities. Currently, the existing liabilities are covered by the Fund,
i.e. the Fund covers the future management of currently existing nuclear waste.

In their supervisory role, the authorities set safety requirements for nuclear waste management, assess
the power companies' plans against the objectives and safety requirements set, evaluate the scope of
annual research programmes of the power companies, and review the cost estimates drawn up by the
power companies to ensure sufficient financial preparedness. In carrying out these quite demanding
tasks the authorities need the support from an independent public sector's research programme on
nuclear waste management.

2. SCOPE OF PUBLIC SECTOR'S RESEARCH PROGRAMME

The main objective of the Public Sector's Nuclear Waste Management Research Programme (JYT)
has been to provide the authorities with expertise and research results relevant for the safety of
nuclear waste management to support the various activities of the authorities. The main emphasis in
this multidisciplinary research has been paid to the final disposal of spent fuel. The first phase of the
research programme was conducted in 1989-1993 [1], the second phase in 1994-1996 [2], and the
current third phase JYT2001 in 1997-2001.

The first phase of the research programme was traditional technology and natural science oriented
research, but during the second phase sociopolitical and societal issues became also part of the
programme. In the on-going third phase, these issues have become quite central themes. This is
understandable, because the implementation of a technical plan to handle spent fuel requires that the
plan is accepted also outside the circle of nuclear waste experts. Practical decision making about spent
fuel management has proved to be difficult in many countries, at least partly because there are also
other arguments involved than technological and scientific. The current research areas of the research
programme are shown schematically in Fig. 1.
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FIG. 1. The research areas of the third phase of the Public Sector's Nuclear
Waste Management Research Programme (JYT2001).

Posiva's research programme has been essentially based on repeated safety assessments of the
proposed disposal concept supported by site investigations and other safety related research. In
contrast, because of the small amount of resources available in Finland, the public sector's research
programme does not aim to do independent full-scale performance assessments of spent fuel
repository. Rather, emphasis has been placed on studies to reduce uncertainties associated with the
basic principles and main phenomena related to the geological disposal of spent fuel, and to be able to
model these factors more accurately and reliably for safety assessment purposes. The second primary
objective of public sector's research has been to develop and introduce new methods for research and
analysis. Thus, Posiva can also benefit from the results obtained in the public sector's research
programme.

As examples of the "idea incubator" role of the research programme, we give two different topics
from the 'Release and migration of radionuclides' block in Fig. 1. The natural analogue studies at the
Palmottu U deposit in southern Finland were in the beginning purely domestic in situ migration
research. Later, Palmottu became a major EU Project, and is being concluded in 1999 (see [3]).
Another example is the development of a non-destructive method to characterise rock matrix in terms
of diffusion properties [4]. This He-gas based method was started as a pre-study in the public sector's
research programme.

In the 'Waste management technology and cost' block shown in Fig. 1, the public sector's
research programme has an important role in providing expertise to give annual statements to
KTM. concerning the adequacy of the funds collected to the State Nuclear Waste Management
Fund. Furthermore, in the Environmental Impact Assessment (EIA) procedure pertinent
projects of the public sector's research programme provided substantial support to KTM in the
follow-up of the EIA procedure. Furthermore, the projects gave statements on the substance of
the EIA report by Posiva. Especially during the third phase of the public sector's research
programme (JYT2001) state-of-the-art reviews of selected topics have been encouraged by the
authorities. The last major reviews covered bedrock stability [5] and the prospects of coupled
modelling [6].
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3. CONTROL OF THE PROGRAMME

The public sector's research programme has been organised so as to be of maximal use to the
authorities. There is a Steering Group with representatives from independent expert organisations, and
the authorities. The Steering Group reviews the submitted project proposals on annual basis and
makes recommendations concerning the prioritisation of research topics and their respective funding.
The research projects are divided into two Co-operation Groups: one for technological and natural
science projects (topmost 6 blocks in Fig. 1) and the other for sociopolitical and social science
projects (lowermost 2 blocks in Fig. 1). STUK has special contact persons for each research project
in the technological and natural science projects' Co-operation Group. It can thus be seen that the
authorities in general, and STUK in particular, have good control also of the substance of the
research. In the second Co-operation Group, besides authorities and other experts, the representatives
of the candidate site communities (four candidates during the detailed site investigation phase) have
been able to express their views on the emphasis of the research.

4. CONCLUSIONS

The Finnish spent nuclear fuel disposal plan has so far managed to keep the time schedule set as early
as in 1983. The reasons to this are the clearly defined division of responsibilities between the main
actors in the field, and an obvious commitment to keep the time schedule set. Furthermore, the
importance of active dialogue between the implementer and the local public as well as between the
authorities and the community representatives has been recognised already in the beginning of the site
selection process. In this overall context the role of the Public Sector's Nuclear Waste Management
Programme, started in 1989, has been to support authorities in their work.
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Abstract

The programme for final disposal of spent fuel in Finland is approaching a crucial
stage when political and local acceptance for the disposal plans are requested. The
Environmental Impact Assessment report and the application for Government's Decision in
Principle are currently under review. In this context, a comprehensive judgement on the safety
case will also be made by the regulatory authority, although no definite position on the
fulfilment of the safety regulations, issued recently by the Government, is not yet required.

1. NATIONAL POLICY, STRATEGY AND KEY ORGANISATIONS

In Finland, four nuclear reactors with a total capacity of 2656 MWe are currently in
operation. Our nuclear legislation states that nuclear waste generated in Finland shall be
handled, stored and permanently disposed of in Finland. Producers of nuclear waste are
responsible for all nuclear waste management measures and related research and development
(R&D), and are also responsible for waste management costs.

The key organisations for spent nuclear fuel management are illustrated in Fig. 1 and
described below.
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FIG. 1. The main bodies involved with spent nuclear fuel management
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(a) The Government grants licenses for nuclear facilities and issues general safety
regulations;

(b) Ministry of Trade and Industry (MTI) oversees that implementation of waste
management and related R&D complies with the national policy;

(c) Radiation and Nuclear Safety Authority (STUK) is responsible for the control of
radiation and nuclear safety, for issuing detailed safety regulations and for technical
and safety related review of licence applications and other important documents.

(d) The NPP utilities TVO and Fortum (earlier IVO) take care of interim storage of
spent fuel in their on-site pool storages;

(e) A joint company Posiva by TVO and Fortum is responsible for the preparations for
and later implementation of spent fuel disposal. It employs several research institutes
and consultants for the R&D work.

2. REGULATORY FRAMEWORK

The Nuclear Energy Act and Decree (1988) define the responsibilities, licensing
procedures and financial liabilities for waste management. Three main licensing steps are
defined:

(a) Decision in Principle (DiP) which is crucial to gaining political and local acceptance;
(b) Construction licence;
(c) Operating licence.

There is also a specific Environmental Impact Assessment (EIA) legislation. The
EIA report must be enclosed to the DiP application.

The Government issued in March 1999 the General Regulations for the Safety of
Spent Fuel Disposal [1]. It includes the basic safety criteria both for the operation of the
encapsulation and disposal facility and for the long term safety of spent fuel disposal. STUK
is preparing detailed regulations on these issues.

3. OVERALL SCHEDULE FOR SPENT FUEL DISPOSAL

The Government made in 1983 a policy decision on the long-term objectives for
spent fuel disposal. In brief, it sets the following milestones:

(a) Year 2000 for the disposal site selection;
(b) Year 2010 for the construction licence application;
(c) Year 2020 for the operating licence application.

An comprehensive R&D programme has been conducted earlier by TVO and since
1995 by Posiva to meet these objectives. It has included site investigations, safety assessments
and technical design of facilities and engineered barriers. The proposed disposal concept is
similar to the KBS concept developed by the Swedish utilities. Only crystalline rock is
considered as host medium. Since its beginning over 15 years ago, the siting programme has
converged so that four candidate sites, two of them NPP sites, have been subject to extensive
deep drillings and other surface based investigations. Of them, Posiva is proposing the
Olkiluoto NPP site for hosting the spent fuel repository.
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Earlier, there has been three major reporting - regulatory review processes concerning
our spent fuel disposal programme. The EIA and DiP review processes are currently underway
and are discussed below.

4. THE EIA PROCESS

Posiva submitted officially the report on EIA programme to the MTI, who is the
contact authority, in early 1998 and, on the basis of comments from a number of expert bodies
and concerned parties, the Ministry gave its statement on the programme in mid-1998. In the
MTI's statement, inter alia, enhanced discussion and assessment of alternatives to Posivas
reference concept and more complete evaluation of environmental and social aspects were
called for.

Posiva submitted the EIA report [2] to the MTI in May 1999. The report addresses all
four candidate sites which have been subject to rigorous geological investigations. After the
hearings, probably in October-November 1999, the Ministry gives its statement, which
completes the EIA process, unless additional reporting obligations are set to Posiva.

During the hearing period 15 authorities and public bodies, some 5 civic
organizations and communities and 23 municipalities submitted their statements on the EIA
report to the MTI. In addition, some 15 private persons sent heir opinions. The opinions of the
authorities were mainly positive and the EIA report was regarded as wide and thorough. Some
attention were paid to details, for instance the monitoring programme of the facility, which
was proposed to be improved before the construction phase.

The municipalities' attitudes towards the EIA report were positive in most cases.
One concern was the potential deterioration of the image of a municipality as a region of clean
nature due to the nuclear facility in the vicinity. The anticipated impact on health rendered by
the transport of spent fuel and consequent accidents were also of concern.

Private persons' and civic organizations' opinions of the EIA as well as the whole
disposal project were critical and opposing. Their opinions were, however, mainly focused on
issues which will be handled during the DiP process of the project and not on the EIA report
itself. In many statements, not only in those by private persons, general views on final disposal
of spent nuclear fuel and of the preference the candidate disposal sites were discussed.

In accordance with the Espoo Convention, the EIA programme and the EIA report
was also submitted to review by our neighbours: Sweden, Russia and Estonia. By October the
statements of Sweden and Estonia were received. Sweden concluded that if the safety analysis
of the STUK attests that there will be no impacts on the environment endangering the health
of people in Finland, no impacts are probable in Sweden either. The statement submitted by
Estonia was very positive and no significant impacts on the environment in Estonia due to the
disposal facility were anticipated.

5. THE DiP PROCESS

The first licensing step towards a disposal facility for nuclear waste is the so-called
Decision in Principle. At this step the Government shall consider whether "the construction
project is in line with the overall good of society". In particular, the Government shall pay
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attention to the need of the facility, to its effects on the environment and to the suitability of
the proposed site. For the Government's decision, STUK has to make a preliminary safety
evaluation of the facility and the proposed host municipality must state their acceptance or
rejection for siting the facility. The decision has still to be endorsed by the Parliament.

Posiva submitted its DiP application in May 1999, together with the El A report. The
DiP application, however, addresses only one site candidate: the Olkiluoto NPP site in the
Eurajoki municipality.

The MTI has requested STUK to submit its preliminary safety evaluation of the DiP
application by the end of 1999. The proposed host municipality has been asked to express its
acceptance or rejection by the end of January 2000.

STUK engaged in mid-98 an international review team to support its preliminary
safety evaluation of the DiP application. This team consists of ten prominent scientists whose
expertise cover the various disciplines relevant to Posiva's safety case. The review team
carefully examined Posiva's safety reports and gave their findings to STUK in October 1999.
The outcome of the review includes "thematic" reports by individual team members and a
consensus report by the whole team.

STUK has also engaged a domestic review team focusing on the manufacturing
techniques and long-term performance of the copper-iron canister where spent fuel bundles
are envisaged to be enclosed for disposal. In addition, STUK has requested for statements
from several Finnish research institutes which have participated in the publicly financed waste
management research programme.

STUK's preliminary safety evaluation will be based on the safety criteria that were
issued in the Government's decision in March 1999 [1]. In the evaluation, STUK judges if the
proposed concept and site are likely to provide safe disposal of spent fuel, given that there will
be a research and development period of about ten years, involving e.g. rock laboratory
investigations at the selected site, prior to the construction licence process. Thus no definite
position on the safety case is not required in this stage. However, STUK should identify any
factors that would clearly indicate a lack of sufficient prerequisite for safety and if such
factors appear, the Government cannot make a positive decision on the DiP.

In STUK's safety review, several issues most of which are even internationally under
discussion, are dealt with. These include retrievability, completeness of scenarios,
consideration of human intrusion, treatment of uncertainties, consistency of models and input
data, long-term performance of engineered barriers, saline vs fresh groundwater and
interpretation of site investigation results.
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Abstract

The programme for final disposal of spent fuel from Finnish nuclear power plants is
entering into important phase: in the year 2000 the Finnish Government is expected to decide
whether the proposal made by Posiva Oy on the spent fuel disposal is in line with the overall
good of society. Associated with the decision is also Posiva's proposal on siting the disposal
facility at Olkiluoto in Eurajoki municipality on the western coast of Finland. An important
document underlying Posiva's application for this principle decision is the report of the
environmental impact assessment, which was completed in 1999. Safety considerations play
an important role in the application. New assessments have, therefore, been made on both the
operational and long-term safety as well as on safety of spent fuel transportation.

1. INTRODUCTION

The present guidelines for the spent fuel management of Finnish nuclear power plants
were set in a Government resolution of 1983. The decision fixed the time schedule for the
programme aiming at direct final disposal of spent fuel in Finnish bedrock.

Pursuant to the given guidelines the programme has now come to the phase of final
site selection. Posiva, the company in charge of disposal of spent fuel, has proposed Olkiluoto
in Eurajoki municipality as the site of the final disposal facility. Olkiluoto is already the
location of two operating nuclear power plant units. The selection of the final disposal site
will be formally considered by the Government in the so-called Decision-in-Principle (DiP),
for which Posiva submitted an application in spring 1999.

The purpose of the DiP process is to judge whether the facility as proposed is in line
with the overall good of society. An important part of the premises for this decision is the
report on environmental impact assessment (EIA) for the planned project. Posiva published
the report together with the application for DiP in May 1999 [1],

The public hearing on the EIA report ended in August 1999 and the Ministry of Trade
and Industry will give its statement on the report by November 1999. The hearing on the DiP
application will continue until January 2000, after which the Government can start
considering the decision. The decision has to be endorsed by the Parliament.

2. EIA PROCESS

The purpose of the EIA legislation has been to bring more transparency and interaction
with potential stakeholders into planning of projects that may have significant impact on their
physical or social environment, hi some opinions, the EIA should particularly look at different

111



alternatives of the project implementation and also consider the impact of not implementing
the project at all, i.e., the so-called zero-alternative. Altogether, the emphasis should be on
impacts that the public finds of greatest concern.

• In the scoping stage Posiva's EIA process paid considerable attention to the interaction
with public in those communities that were candidate sites for the facility on the basis of the
site selection process already started in 1983 after the Government resolution. The EIA
programme was particularly focused on concerns expressed by local people in various
meetings or in written comments and statements.

Safety, both operational and long-term, and also transportation safety, was, as could be
expected, among top concerns. However, besides demands for comprehensive technical
safety evaluations, doubts were expressed that whatever the level and sophistication of such
evaluations would be, the concerns would persist and they would have a social meaning. In
addition to articulated safety concerns one of the issues most frequently brought up in the
public discussion was the question of "image". How would the project affect the image of the
home municipality or the whole region? It was evident that a multitude of issues such as
prices of real estates, marketability of agricultural produce from the region, attractiveness to
tourism, were at stake in the image concerns, but an interesting particular question is how
much, in fact, the image concerns were related to the overall risk and safety concerns
associated to the project?

The concerns brought out in the official statements on the EIA programme from
various institutions were often related to the assessment of alternatives to Posiva's proposed
spent fuel disposal concept. A special topic that was introduced to discussion during the EIA
process was the question of reversibility. In March 1999 the Government made a decision on
general safety requirements for the final disposal of spent fuel and the decision now requires
that the spent fuel must be retrievable even after the repository has been closed.

3. STUDIES

In Finland research into long-term safety of final disposal has been carried out since
the early 1980's. In this context, several comprehensive safety assessments were already made
before the beginning of the EIA process. For the purposes of the EIA and the application for
DiP a new long-term safety assessment, TILA-99, has now been completed [2].

hi addition to the long-term safety assessment, new assessments were prepared on the
operational safety [3] and the safety of transportation of spent fuel from the power plants to
the encapsulation facility [4], which in the reference design is planned to be co-located with
the repository. A review was also made on possible chemical hazards arising from the
disposed materials [5].

. The social and psychological aspects of risks were discussed in the light of recent
research into events where natural or induced mishaps have caused abnormal stress on people
[6]. In addition, a considerable amount of effort was spent on attempts to elaborate the
meaning of image and constituents thereof. These studies may have some links to people's
views and perceptions of risks and safety.
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4. SAFETY CASE

TILA-99 considers the long-term safety of the disposal concept against the March
1999 general regulations. The discussion is specific of the four candidate sites (in addition to
the Olkiluoto site, Hastholmen in Loviisa, Kivetty in Aanekoski, and Romuvaara in Kuhmo
have been studied as possible sites of the facility) to the extent that available data now exists
from the site investigations conducted since 1987. It concludes that most probably there will
never be releases that would lead to meaningful radiation doses by any individual and even in
the worst unlikely future scenarios the doses would not exceed the background level. All in
all, the regulatory requirements can be met with considerable safety margins independent of
which site is chosen. In addition, it makes the claim that there is no possibility to objective
ranking of the sites in terms of long-term safety.

The conclusions of the studies into operational and transportation safety are similar:
there should never be any significant health detriment from the planned operations and even
the likelihood of a significant radioactive release from the plant or transport casks is minimal.

In the DiP process a strong power of veto on safety matters is left with the regulatory
authority, STUK. According to the Finnish legislation, STUK has to make a preliminary
assessment of the proposed facility vis-a-vis the legal requirement that the use of nuclear
energy has to be safe. When the Government later considers the application, it has to state that
no factors have arisen that would indicate a lack of sufficient prerequisite for safety.

STUK's assessment is due to be reported to the Government before the end of the year
1999. For the assessment STUK has requested a review by independent experts from the
international scientific and technical community.

Another right of veto can be exercised by the municipality of the proposed site. The
project can proceed only with the acceptance of the local municipality council. It has been
decided that the council members will have STUK's safety assessment report available before
the council makes its statement of approval or disapproval. In this way the council may rely
on expertise of the regulator in its decision-making.

5. PUBLIC ACCEPTANCE

It may, however, be questioned to which extent public views on the project depend on
the safety assessments of Posiva or the regulator. It is apparent that there are fears of negative
health effects from the facility, both during the operational period and on the long-term. The
sources of the fears are the final disposal itself and the transportation of spent fuel to the
disposal site.

When asked about the acceptance of the proposed facility there was a clear difference
between the municipalities where the present nuclear power plants are situated and other
municipalities. In Eurajoki and Loviisa the majority of the people were ready to accept the
proposed siting of the facility whereas in the inland municipalities the majority was against.

It seems that many people simply regard final disposal as a part of nuclear technology
and build their opinion on that basis. Some people refer to the good operating records of the
present nuclear power plants in Finland. Some other people associate the disposal facility with
the horror pictures of Chernobyl and form their view accordingly. Since the people living near
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an operating nuclear power plant may tend to emphasise their direct experience of nuclear
power - this including also the positive economic effects of the nuclear power on their local
community, this may at least partly explain the large difference in attitudes between the
power plant municipalities and other candidate municipalities. A fact is also that the spent fuel
is already there in the power plant municipalities, but not in the other two municipalities.

Scientific and technical safety assessments can probably best improve the public
acceptance by changing the public picture of the existing level of consensus among experts.
They can hardly convince everybody, however, not at least directly. On the basis of
discussions with public and the insight given by social science research it seems that people's
perception of risks is much more complicated than what the technical definition of risk
convey. The popular recourse to image concerns probably carries similar meanings as the
explicit risk concerns.

Even if the public acceptance of the siting proposal is quite high in Eurajoki, a
significant minority, about 30 per cent of the population are against it. This still leaves quite
much hope for further conciliation and interaction between the implementer and the local
people in the case the proposal is approved as the outcome of the DiP process.

6. FUTURE

In the case a positive DiP is made, Posiva proceeds to planning and constructing an
underground characterisation facility in the beginning of 2000's. The actual licensing and
construction of the disposal facility would take place in 2010's and the operations could start
in 2020.
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Abstract

The Finnish bedrock has been studied for the geological disposal of spent nuclear fuel close to
20 years. The screening of possible sites has led in last years to a more detailed study of four
sites, Hastholmen, Kivetty, Olkiluoto and Romuvaara. The study involves geological,
geochemical, geophysical and hydrogeological investigations. In addition, preliminary
assessment of the quality and quantity of rock potentially suitable for final disposal has been
done. The basic concept for the disposal of spent fuel is based on its encapsulation and em-
placement in crystalline bedrock at a depth between 400 and 700 m. The selection of the final
depth for the repository will be based on the site-specific properties and conditions of the
bedrock. The rock strengths and stresses measured correlate relatively well with other
measurement data from Finnish rock engineering sites. A comparison of the strengths and
stresses (Table 2) shows that at least some spalling will be expectable in all sites at all depths.
On the other hand, no site can be outclassified as unsuitable due to the strength/stress ratio.

1. INTRODUCTION

The power companies started the studies on bedrock properties and their investigation
in Finland in the late 1970s. The initial phase consisted of the mapping and examination of
general bedrock features that would have to be taken into account in connection with final
disposal and a description of the macrostructure of the bedrock of Finland. The conclusion of
this stage of work was that it indeed was possible to select potential disposal sites in Finland
by geological means.

During the spring of 1987 TVO (Teollisuuden Voima Oy) selected five sites for the se-
cond stage, preliminary site characterisation, to be carried out between 1987 and 1992. The
sites are shown in Fig. la. The five sites were characterised by means of an extensive
investigation programme with closely-related modelling, and were reported in 1992 (1).

TVO proposed to continue site characterisation at three sites: Romuvaara, Kivetty and
Olkiluoto. The reason for selecting these three sites was that there were fewer uncertainties in
the bedrock models developed and the explorability of these sites was considered to be
superior to the two other sites investigated (1). Detailed site characterisation has now been
carried out in these three sites as well as in Hastholmen, Loviisa (Fig. lb).
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Hastholmen, the island of the Loviisa Power Plant, was included by Posiva Oy in the
list of potentially suitable sites for disposal of spent nuclear fuel in the beginning of 1997. The
decision was based on the feasibility study in 1995 - 1996 (2). According to the results of this
study Hastholmen exhibited potential for the location of a repository for spent fuel, and also
had advantages similar to those of Olkiluoto, an existing nuclear technical infrastructure and
less spent fuel to be transported, for example.

2. ROCK ENGINEERING PROPERTIES

Information on the rock mechanical parameters is of importance when planning a deep
repository. The rock strength, in situ state of stress and the stress-strain behaviour affect the
choice of the repository depth, as well as the shape and orientation of the deposition tunnels
and disposal holes. In the reference design for the basic disposal concept the spent fuel
canisters are em- placed in vertical holes which are excavated in the floor of the deposition
tunnels at a depth of 400 to 700 m (Fig. 2). The spacing of the tunnels is 25 m and the current
design spacing of the disposal holes is 7.5 m at Olkiluoto (3). The deposition tunnels will
subsequently be backfill- ed with a mixture of crushed rock and bentonite.

2.1. Strength properties

The strength properties of the different rock types have been measured in laboratory
with a servo-hydraulic testing apparatus and given in Table 1.

TABLE 1. STRENGTH PROPERTIES OF THE DIFFERENT ROCK TYPES (3,4, 5, 6).

Site

Hastholmen

Kivetty

Olkiluoto

Romuvaara

Rock type

Pyterlite, wiborgite
Rapakivi granite
Porphyritic granodiorite
Granite
Porphyritic granite
Gabbro
Mica gneiss
Granite/pegmatite
Tonalite
Tonalite gneiss
Leucotonalite gneiss
Mica gneiss
Granodiorite
Metadiabase

UCS
iMPa)
169.4
216.6
124.6
177.5
201.7
164.9
109.2
133.8
109.5
197.4
214.1
99.4
171.6
239.9

s.d.
(MPa)
28.0
59.7
17.2
22.2
35.1
46.7
27.9
18.5
7.8
51.4
41.6
11.1
2.7
101.7

n

64
14
23
16
6
3
59
5
4
26
6
6
2
3

UTS
(MPa)
9.4
14.7
7.7
8.3

10.8

11.0

s.d.
(MPa)
2.3
2.8
1.4
2.3

2.9

3.0

n

36
21
19
20

24

25
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2.2. State of stress

In situ stresses have been measured with both hydraulic fracturing and overcoring in
several deep boreholes at all four areas. The magnitudes of maximum and minimum
horizontal as well as the vertical stresses have been given in Table 2. The stresses have been
calculated from linear least squares fit of measured values (3,4, 5, 6).

TABLE 2. IN SITU STRESSES AT DIFFERENT DEPTHS IN RELATION TO
MINIMUM UNIAXIAL COMPRESSIVE STRENGTH^, 4,5,6,7).

Site

Hastholmen

Kivetty

Olkiluoto

Romuvaara

depth (m)

300

500

700
300

500

700
300

500
700

300

500
700

Sig-H(MPa)

18.7

28.7

38.7
15.2

23.2

31.2
14.9

28.9
42.9

14.8

26.0
37.2

Sig-h (MPa)

6.1

8.1

10.1
9.8

15.8

21.8
7.9

13.9
19.9

9.3

14.9
20.5

Sig-H/UCS min

0.11

0.17

0.23
0.12

0.19

0.25
0.14

0.26
0.39

0.15

0.26
0.37

rock
behaviour
minor
spalling
minor
spalling
spalling
minor
spalling
minor
spalling
spalling
minor
spalling
spalling
support
required
minor
spalling
spalling
support
required

3. CONCLUSIONS

A preliminary adaptation of the repository layout to site-specific conditions has been
carried out (8). Simple rock engineering principles have been applied:

The location of the repository will be governed mainly by the location, geometry and
transmissivity of the fracture zones, and by the aasociated level of uncertainties in
rock properties.
The orientation of the deposition tunnels will be a compromise between the direction
of the maximum horizontal stress, the orientation of the fracture sets and the location
of the fracture zones.
The depth of the repository will be governed mainly by the maximum horizontal stress,
the strength of the rock, the location of the fracture zones and groundwater chemistry.
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The rock strengths and stresses measured correlate relatively well with other
measurement data from Finnish rock engineering sites. A comparison of the strengths and
stresses (Table 2) shows that at least some spalling will be expectable in all sites at all depths.
On the other hand, no site can be outclassified as unsuitable due to the strength/stress ratio.
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Fig. 1. The progress of site selection process (1).
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Fig. 2. Basic design for the high level nuclear depository (3).
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Abstract

The mobility of REE, U, and Th in aqueous solutions is relevant environmentally, and
especially, is an important issue in the performance assessment of radionuclide behaviour in
the near-field of spent fuel repository. Uranium, thorium and REE analyses of two water
samples were performed in order to estimate the influence of stagnant water versus flowing
water in the leachability of these elements. The first sample (FGW) is groundwater from a
water-carrying fracture in granite pegmatite at a depth of 70 m. The surface of this fracture
was covered by smectite (main mineral component of bentonite). The second sample (SGW)
is the same groundwater, which has been in contact with the smectite during 10 days. Of the
REE in flowing groundwater, only La is further sorbed in the smectite. Surprisingly thorium,
which is thought to be a very immobile element, is further released into groundwater.

1. INTRODUCTION

REE function as natural analogues for the actinide series elements, especially the
trivalent actinides (Am3+, Cm3+, Cf+), because of their identical valence and similar ionic
radii (e.g. [1,2]). REE have been also applied for examining rock-water interactions in
groundwater systems (e.g. [3,4]). Interest in U and Th in natural waters is obvious since they
are main components of radioactive wastes.

The interaction of a naturally occurring smectite on the surface of a water-carrying
fracture with the corresponding groundwater at the depth of 70 m [5] has been studied by
means of REE, U, and Th analyses of smectite and flowing (FGW) and stagnant groundwater
(SGW). Barium was also analysed as a chemical analogue to radium.

Comparing the REE shale-normalised patterns of the groundwater samples and
smectite it is possible to infer that there is no interaction of flowing groundwater with
smectite. But 10 days groundwater-smectite contact in steady state is time long enough to
enable an imprint of the REE pattern of smectite in the groundwater.
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2. SAMPLING AND METHODS

Groundwater was sampled at the Hyrkkola study site during a research aimed to study
the behaviour of metallic copper in a natural environment [5]. The smectite sample was
scraped from a fracture surface in granite pegmatite. Dissolved components were analysed in
the analytical Laboratory of the Geological Survey of Finland (GTK). Main cations and trace
elements were analyzed from filtered (0.45 urn), acidified (0.5 pi) ultrapure nitric acid, HCO3,
in 100 ml) samples by inductively coupled plasma mass spectrometry (ICP-MS). Anions were
measured from untreated samples using ion chromatography. The smectite sample was
analysed for trace elements by ICP-MS.

TABLE 1. CHEMICAL COMPOSITION (MG/L) OF THE WATER SAMPLE FGW.

— _ -

Si 6.04
Na 7.16
K 2.84
Cl 3.8
SO4 19
HCO3 57

TABLE 2. SELECTED MINOR AND RARE EARTH ELEMENT
CONCENTRATIONS OF SOLID AND WATER SAMPLES.

La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Sc
Y
Mn
Ba
U
Th

Smectite Al

1.19
15.5
0.99
6.37
5.21
1.15
8.74
1.53
9.95
2.11
5.55
0.7
4.07
0.6
9.98
78.6
211
1040
69.6
2.07

Smectite A2

1.66
20.2
1.17
7.75
5.74
1.26
10.8
1.77
11.3
2.4
6.71
0.8
4.37
0.61
4.76
97.1
238
817
69.8
0.5

FGWug/L

0.056
0.034
0.006
0.047
0.015
0.001
0.001
0.0007
0.004
0.001
0.003
0.0018
0.002
0.0003
2.2
0.077
41.2
13.8
80.1
0.0005

SGWug/L

0.017
0.248
0.016
0.097
0.074
0.016
0.107
0.0187
0.132
0.0224
0.08
0.011
0.043
0.0066
2.21
0.972
1
12.5
117
0.0037
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3. RESULTS AND DISCUSSION

The groundwater was found to be fresh Ca-HNC>3 water, Na and Mg being the other
main cations (Table 1). Selected minor and rare earth for smectite (in ug/g) and for FGW and
SGW (in u-g/L) element concentrations are listed in Table 2. The results on the REE
distribution have been normalised using the set of values of the Post-Archaean Australian
Average Shale (PAAS) because the REE pattern of average shale is thought to be parallel to
the average upper continental crust (e.g. [6]).
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FIG. 1. Shale normalised REE patterns for smectite and water samples.

The normalised REE pattern for flowing groundwater (FGW-N, Fig. 1) does not show
any trend in the distribution of light REE (LREE = La-Nd) with respect to intermediate
(IREE = Sm-Ho) or heavy (HREE = Dy-Lu), as it could be expected from water in very short
time interaction with rocks. The REE pattern for SGW matches totally the REE pattern for
both smectite samples. Scandium (Sc) concentration remains the same in both types of water,
because Sc hydrolyses readily [7] in short water-rock interaction times.

Figure 2 shows the concentrations of REE and other elements in both types of water.
Thorium concentration in stagnant water increases 7.4 fold with respect to its concentration in
flowing groundwater. Uranium is also further released into stagnant groundwater (Table 2).
Barium is slightly adsorbed. From the REE, only La is further adsorb into smectite from
flowing groundwater. Lanthanum concentration in SGW is about 3.3 times smaller than in
FGW. Mn concentration diminishes in SGW about 42.1 fold with respect to FGW.
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This work shows that the ability of smectite to retard the migration of REE (as
analogue to the actinides), Th, and U depends not only on the type of groundwater, but also on
the dynamic of the system (open/close). Kinetics studies would be essential in defining or
redefining retardation parameters. Also, the behaviour of REE in different dynamic systems
could be applied to trace or verify flow paths and lengths of deep groundwater in fractured
bedrock.
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Abstract

For several years CIEMAT has been developing for ENRESA a conceptual approach
and tools to support the modelling of the migration and accumulation of radionuclides
within the biosphere once those radionuclides are released or reach one or more parts of
the biosphere (atmosphere, water bodies or soils). The model development also includes
evaluation of radiological impacts arising from the resulting distribution of
radionuclides in the biosphere. At the time when the methodology was proposed, the
level of development of the different aspects proposed within it was quite heterogeneous
and, while aspects of radionuclide transport modelling were already well developed in
theoretical and practical terms, other aspects, like the procedure for conceptual model
development and the description of biosphere systems representatives of the long term
needed further developments. The developments have been performed in parallel to
international projects, within which there were and are an active participation, mainly,
the BlOphere Models Validation Study (BIOMOVS II) international Project, within
which it was developed the so called Reference Biosphere Methodology and, the
International Atomic Energy Agency (IAEA) Programme on BlOsphere Modelling and
ASSessment methods (BIOMASS), that is under development at present. The
methodology been made takes account of these international developments. The purpose
of the work summarised herein is the application of the methodology to the 1997
performance assessment (PA) exercise made by ENRESA, using from it the general and
particular information about the assessment context, the source term, and the geo-
biosphere interface data.

1. INTRODUCTION

For several years CIEMAT has been developing for ENRESA a methodology to deal
with the biosphere in long-term performance assessments for high level radioactive
waste [1]. A basic idea within the Methodology is that the modelling of the biosphere
and the final model/s to produce results are strongly influenced by: (a) external
decisions: national and international regulations, expert judgements in the whole
process, lack of knowledge; and (b) internal decisions: the final biosphere systems to
consider as relevant for the consequences in the future, mathematical approaches and
data requirements. The Methodology must be flexible enough to allow for these factors
and the changes produced as a consequence of evolution in safety criteria, regulations
and knowledge. Another basic idea under the Methodology is the approach used to
consider the biosphere in the long-term. The biosphere will be represented by means of
one or more so called Reference System/s. The first try to develop Reference Systems
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within this Project produced the document MICE in 1996 [2] and the ideas considered
there combined paleoclimatic studies with present locations for climatic analogues
states to produce the description of the possible future systems in a specific region of
interest. At present, the BIOMASS IAEA Programme [3] in collaboration with several
national organisations is working to complete and augment the Reference Biosphere
Methodology (developed originally during the BIOMOVS II international Project [4])
and to produce some "practical" examples of Reference Systems.

2. APPLICATION OF THE METHODOLOGY TO A MEDITERRANEAN
SYSTEM

An application of the "reference biosphere methodology" has been performed with
support from QuantiSci consulting company and published in 1998 [5]. The method
proposed and the results obtained in the trial application are the basis for the summary
presented in this paper. The consecutive actions for the application consists of eight
steps with sub-steps as follows:
Stepl: To establish the Assessment Context
Step2: Description of the Biosphere System: The Mediterranean system description
defined during the project [2] is used as the representative situation for the biosphere
system. Source term and geo-biosphere interface information is obtained from [6].
Step3: Generation of the FEP List

Step3.1: The International Biosphere List of Features, Events and Processes [4]
already existing has been used as a starting point.

Step3.2: Each FEP from that List has been considered either for inclusion, within this
biosphere application, or omitted, with reasons why. Screening of FEPs for
the application is based on the selected Assessment Context and on the
Description of the Biosphere system (steps 1 and 2 respectively).

Step4: Generation of Conceptual Models
Step5: Mathematical Description
Step6: Treatment of Data
Stepl: Implementation of the Model in the Code
Stey8: Interpretation and Presentation of Results

3. RESULTS AND CONCLUSIONS

Figure 1 shows an example of results (deterministic ones) obtained in the test case used
[5]. Some of the main conclusions obtained are summarised as follows:

• The methodology tested within this application and the corresponding steps applied, show a
coherent and clear procedure that facilitates proceeding from the initial premises of the
assessment up to the final model to be used, clarifying and recording the logic or reasoning
under any decision taken.

• The biosphere system used to test the methodology and the capabilities, do not correspond
to any site specific description. The description of the system has been built up with
information about the geo-biosphere interface given in the ENRESA-1997 [6] document, the
generic Mediterranean system description [2] and some changes made ad hoc for coherency
between the interface and the rest of the system. The biosphere system then has to be
considered as generic and not site-specific.

125



, amfcer - nopozosm*.cse

fjte £<& ptms Vfrebws For* HMP

;I15] Line: nopcaosiniecse

3.3GQ1-)

' total effee&e- dose

1&S05'

1E-006'

Legend: 1-129,
Cl-36
Total

O
•D

Time (fears)

amber V4Jjsre7

2. Joto/ effective dose (Sv/y) and Cl-36 and 1-129 contributions to the
total dose for the deterministic case.

The model developed here for the transport of radionuclides and for calculating the
associated annual individual doses is reasonably complete. That is, all relevant transport
and exposure pathways have been considered. However, this completeness only applies to
the particular assessment context considered. Different FEPs treatment, and hence, different
conceptual modelling assumptions would arise for alternative assessment contexts.
Especially important to consider could be the changes that would be necessary for
alternative geosphere-biosphere interfaces and for different assessment endpoints. The
necessity to consider these alternatives should become clearer as the ENRESA project
develops and as international recommendations and regulatory requirements are further
clarified.
The assumptions for the critical group definition are conservative especially since all water
requirements are obtained from the contaminated well and the human consumption products
considered are obtained from the contaminated agricultural area. Those assumptions would
not be realistic if an average present Spanish person was selected for the assessment, and in
that case the doses would be lower.
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The dilution of the contaminated groundwater pathways into the surface aquifer represents
the major reduction of the concentration of contamination becoming to the biosphere (order
104 in reduction). Although this factor has not been treated as an uncertain one, the results
from an uncertainty analysis had been very interesting. What it is recommended for next
iteration. The modelling of that type of interface and other type of possible interfaces should
be considered in great detail for further applications as well.
Probabilistic results imply a "parameters uncertainty" of one order of magnitude taking into
account that only nine parameters has been considered uncertain and that some of them are
not really relevant for final total doses. Distribution coefficients for soil are the most
important parameters from those sampled, which variability ranges can be analysed in detail
to reduce the uncertainty margin to what is really relevant.
Doses from deterministic calculations goes up to 0,02 mSv/y while doses from probabilistic
goes up to 0,3 mSv/y for the mean of the peak values, and that implies that certain
combinations of parameter values result in a worse situation. Note that the set of parameters
sampled in this case is not big and then the small margin of uncertainty (one order of
magnitude) is explained. A more complete uncertainty analysis could become in a more
significant uncertainty.
As long as parameter values always have an uncertainty due to the lack of knowledge or due
to the variability, to use a probabilistic approach has several advantages, apart from the one
mentioned above. For example: to be able to determine the most relevant parameters and the
less relevant, that can be omitted in the next iteration as uncertain parameters; to be able to
determine the ranges of values where the answer of the model is more sensitive and then
restrict the ranges to be studied to those really important. To do this correctly it is necessary
to start varying every parameter considered.
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Abstract

With the progress made in the domain of high intensity accelerators, it appears now possible
to design spallation sources delivering a very intense neutron flux. Spallation neutron sources
are of practical interest in many domains like solid state and material science. Put into
operation were ISIS - RAL (1016 n/cm2s) which competes with the fast pulsed reactor, IBR-2,
Dubna (1016 n/cm2s), the continuous spallation source SNQ, PSI (1015 n/cm2s), the project
AUSTRON (3,6 x 1016 n/cm2s), and the European project ESS (5 x 1016 n/cm2s). In such
systems, spallation reactions induced by a high intensity beam (10 to 250 mA) of GeV protons
on a heavy target produce an intense neutron flux. The neutrons, after being moderated, are
used to drive a sub-critical blanket. The extra neutrons provided by the accelerator allow the
maintenance of the chain reaction, while burning the long-lived nuclear waste.

1. INTRODUCTION

The idea to produce energy in reactions of fission of uranium and thorium by fast neutrons
produced in a target irradiated by accelerated particles protons and deuterons is as old as the
first industrial thermal fission reactor. At present, a high intensity beam can produce a very
intense neutron flux through spallation reactions on a heavy target. The neutrons produced
can be used to drive a subcritical assembly in which long-lived nuclear waste could be
transmuted to stable or short lived isotopes. This phenomenon is known for about 50 years, in
which a high energy light particle, with the energy in the GeV range, pinging on a heavy target
(Pb, W, Bi etc) produces a large number of neutrons. The progress made in the field of high
intensity accelerators now allows to design a spallation source, which could be more
competitive than a fission reactor. Such sources, already in operation [1-2] or in a phase of
planning, are of practical interest in various research fields like solid state and material
physics. One can therefore conclude that the fission process is too poor as a neutron producer
and that pulsed spallation high neutron intensity sources could make higher fluxes available,
both for transmutation of long lived waste for safe nuclear energy production and also for
application in basic studies of condensed matter. Physics of the material is a key to present
and future progress. The application of the next generation of spallation sources, used in the
study of the condensed matter, transmutation of highly radioactive waste and generation of
nuclear fission energy, is presented below.
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2. CONDENSED MATTER PHYSICS

Neutron scattering methods are very powerful tools in providing microscopic information on
the structure and dynamics of materials. They offer the possibility to understand the
condensed matter, both in physics but also in various fields as material science, chemistry,
biology and earth sciences. We can also gain detailed understanding on microscopic level of
technically important materials such as: plastics, proteins, polymers, fibres, liquid crystals,
ceramics, hard magnets and superconductors. On the other side, useful information could be
obtained concerning the fundamental phenomena such as phase transitions [3], fluids,
spontaneous ordering. Processes occurring over a wide range of energy from neV associated
with polymer interaction through molecular vibrations and lattice modes to eV transitions
within the electronic structures of materials. Fortunately Europe has available the world's
most intense nuclear research reactor (ILL) in Grenoble, and the pulsed spallation neutron
source (ISIS) at the Rutherford Appleton Laboratory in Oxfordshire, U.K.

3. NUCLEAR WASTE TRANSMUTATION

The nuclear processes in a spallation target are basic physical concepts for a hydride system
where an intense beam of protons from an accelerator pinging on heavy target (Pb, Pb-Bi, W
etc), produces fast neutrons used to drive a subcritical reactor. As is known, radioactive
wastes arise from nuclear power production and from dismantling of nuclear weapons. The
spent fuel of a pressurized water reactor (PWR) consists of 96% uranium, 1% plutonium and
3% actinides and fission products. There are isotopes with a very long lifetime presenting
long term radiation hazards. At present, the applied solution for long-lived waste is the
storage in deep underground geologically stable repositories. This solution has some
inconvenience generated by uncertainties of safety, impregnability of the storage over hundred
of thousands of years and also has a negative public opinion. These are reasons for
investigating the possibility of transmuting long-lived isotopes into stable or short-lived
elements which could be stored near the surface. Studies on the transmutation capabilities of
reactors are performed in several countries (France, Japan) but it is concluded that a large
yield of neutrons to transmute significant amounts of waste is needed. This led to the
proposals to use an accelerator driven reactor [4-6]. The excess of neutrons allows
maintaining the chain reaction for burning the long-lived nuclear waste, while a part of the
plant electricity is used to supply the accelerator. Thus the main advantages of the accelerator
driven systems are: neutron economy, safety and versatility, operation of the blanket in a
subcritical state. The intensity of the accelerator can be also controlled to counteract the
growth of the "poisonous" isotopes. In [7], for the first time, the usefulness was examined of
a thermal neutron flux of 10 16 n/cm2 s, which now can be obtained by means of a proton
accelerator in the 0.8 to 1.6 GeV energy range. When protons having the energy of 1.6 GeV
impinge on a heavy target such as Pb, approximately 55 neutrons are generated per proton. If
such an intense source of fast neutrons is surrounded by a blanket of a good moderator like
D2O or graphite, then a very high thermal neutrons flux of 10 16 n/cm2 s can be obtained. The
rate of a nuclear reaction in a flux of neutrons is proportional to the concentration of nuclei, N,
the cross section a and the neutron flux (j),

R=Nof

Therefore the transmutation rate by neutron capture or fission is high. The half time for
transmutation is proportional to 0.7'/§o [8]. If the blanket is loaded with radioactive waste or
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with fissionable materials (actinides), fast transmutation takes place. In the same time, the
fertile materials (Th232, U238 ) could be converted to fissile materials (U233, Pu239 ) by
irradiation of this blanket. Figure 1 shows the effective half-lives of some fission products
and actinides as a function of the neutron flux. A high neutron thermal flux of 10 n/cm2 s
significantly shortens the half lives of the actinides and fission products as compared to a
power reactor with a flux of 10 14 n/cm2 s. For example the actinides like Np 237 or
Americium in a reactor act as neutron absorber while, in an accelerator driven system, act as
nuclear fuel and produce new neutrons (Figure 2).

4. WASTE DESTRUCTION AND FISSION PRODUCTION

If the fission and spallation approaches are combined to the new technology of the nuclear
reactors and accelerators then we can get an advanced concept for waste destruction and
simultaneous fission energy production. This system consists of accelerator, spallation target,
blanket for transmutation, breeding and energy production, chemical separation plant, energy
extraction and electrical power production unit. A chemical separation plant should be a part
of any nuclear power plant. This is necessary to make full use of the various products in used
fuel. As it is known, in used fuel about 3% are true fission products, 1% are plutonium
isotopes, 1% are actinides like Np, Am, Cu and 95% is uranium not used at all. Thus the
long-lived radioactive waste problem is a chemical one. Sometimes the used fuel is called
radioactive waste, which is not considered to be correct, because only 3% of used fuel is waste
and 97% is potential nuclear fuel.

5. CONCLUSIONS

The main drawback of a nuclear reactor, that is the rather small neutron yield per fission, can
be overcome by combination of the fission process with spallation. The high thermal neutron
flux of <}> =10 16 n/cm2 s dramatically shortens the half-lives of both actinides and fission
products. The main advantages of the accelerator-driven concept are: unlimited nuclear
energy source, reacting system safe, no prompt criticality possible, limited cooling problems,
no core melting, long lived radioactive waste reduced by several orders of magnitude.
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Abstract

The paper presents the investigation of the shielding safety problem of the German
container CASTOR MTR 2 loaded with the spent fuel of the Romanian WWR-S reactor. The
SCALE-4.3 code system, namely the SAS4 module with MORSE, as the shielding Monte
Carlo code, based on the (27n-18g)-coupled group energy cross-sections generated from
ENDF/B-V file was used for solving the problem. Gamma and neutron dose rates estimated
on the surface of the container, and respectively: surface +lm, +2m, +3m in both radial and
axial calculation directions for normal, loading and audit conditions are presented and
discussed.

1. INTRODUCTION

The transport/storage container CASTOR MTR 2 [1] is a cast iron cylinder with two
stainless-steel lids. The interior is completely occupied by a cylindrical aluminium body with
seven cylindrical loading channels, one of them is central and the other six are arranged
equally spaced around the central one. Loading units carrying the fuel elements will be
inserted into each of these loading channels. A loading unit is an aluminium cylinder with one
central boron rod and some internal holes tailored in accordance with the geometrical shape of
the fuel elements. Most of the fuel elements of the Romanian WWR-S reactor have a square
outer shape, disturbed by 1, 2, or 3 beveled-corners and the others have a right square shape.
According to this different shape of fuel elements, there are two types of loading units: Type
B carrying four fuel elements with a right square shape, and Type C for six fuel elements with
the disturbed square shape. Independently on the geometrical outer shape, there are two types
of fuel elements differing by the rod type: The EK10 fuel element consists of 16 rods with
MgO and UO2 (10% enriched uranium), and the S36 fuel element consists of 15 rods
containing a U-Al alloy (36% enriched uranium).

For the evaluation of the possibility of storage of the Romanian WWR-S reactor spent
fuel in the CASTOR MTR2 cask is necessary to study if the safety criteria are observed. The
paper presents the investigation of the shielding safety problem. To be on the safer side,
conservative assumptions were done. Thus the paper presents only the results on S36 spent
fuel type inside the C variant of CASTOR MTR2 cask.
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2. GAMMA AND NEUTRON SOURCE CALCULATION

The calculation of gamma and neutron sources for entire amount of spent fuel
elements of both types i.e. EK10 and S36, was previously performed [2] by means of
ORIGEN-S code [3] applying specific problem dependent libraries defined for classes of fuel
elements. The reliability of the burn-up calculations was tested by comparison against similar
calculations, for same selected fuel elements, performed by ORIGEN-JR and HELIOS codes
in VKTA Rossendorf [4].

Because, up to now the details of the different CASTOR loading are not yet known we
considered that the entire loading of a cask consists of fuel elements having identically
properties with a representative one. Such representative fuel element used in calculations was
defined as follows: i) for normal situation, when an upper limit of the expected dose rates are
desired to be calculated, the dummy element is characterized by the maximum values of
gamma and neutron sources; ii) for loading and audit conditions, when the detailed loading
scheme must be taken into account the conservative criterion is not valuable and therefore an
averaged value of both gamma and neutron sources was taken into account.

Constant radial and axial distributions for active part of the sources were assumed. The
contribution of the end parts of the fuel assembly was considered also for axial dose rate
estimates over open cask. With a view to obtaining the gamma source arising from the end of
fuel element an ORIGEN-S calculation was performed separately considering only 5g of light
structural elements.

All these values used as input data in Monte Carlo shielding calculations were
calculated for 31st December 1999.

3. MODELING AND CALCULATIONS

The very complicated and nonstandard geometry of the cask does not permit the elaboration of
the calculation model with the help of standard casks available in the S AS4 [5] sequence of
SCALE4.3 system and therefore the detailed geometry was built by using MARS [6] module.
Based on this utility a very laborious geometry model was created as input for Monte Carlo
MORSE code [7]. The calculation model used assumes (see Fig. 1) that the materials of fuel
elements and their sources were smeared over the horizontal fuel element cross section.
Additionally, other approximations of the calculation model done, causing the overestimating
of the dose rates can be characterized shortly: i) the wall of the fuel assembly was added at the
surrounding loading unit, hence the smearing of the fuel materials was adapted at the
remained surface; ii) symmetric homogen cylinders with 5cm height were modeled of the ends
of the assembly and the corresponding remained space in the end zones was filled with air; iii)
vertical symmetry of the cask was assumed as replacing the existing slight asymmetry of the
cask.

Based on this calculation model a foil characterization of the spent fuel cask was performed by
four calculations. Because of the automated biasing procedure in SAS4 neutron and gamma
doses are computed in separated calculations. Also different calculations are performed for
radial and axial detectors. For both gamma and neutron dose rate estimates over the open cask
only axial calculations were performed.
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A supplementary calculation, for this last configuration was needed for estimates of gamma
dose contributed by the end part material. The surface detectors are located radial or axially on
the outermost surface of the cask and 1, 2 and 3 m from this outermost surface. The axial
detectors are circular discs, while the radial detectors are side surfaces of cylinders having
appropriate radii and heights given by the height of active part of the fuel element.

The ANSI standard flux-to dose conversion factors were used. The SCALE coupled library
(27 neutrons-18 gamma) energy groups was used for all calculation performed.

4.

FIG. 1. CASTOR MTR2. Geometry model transversal cross section for z=0

RESULTS AND DISCUSSIONS

The results obtained for both closed and open cask configurations are presented in Table I and
Table II.

TABLE I MAXIMUM DOSE RATE VALUES OUTSIDE THE CASTOR MTR 2 CASK

y

no'

Total
sources

[y/s]
9.7142+1
4

[n/s]
7.8246+4

Radial
Axial

Radial
Axial

Surface
uSv/h FSD*

68.63 0.02
23.32 0.04

2.45-1 0.01
2.73-1 0.01

Dose
+lm

uSv/h FSD*

6.32 0.02
4.03 0.04

2.19-2 0.01
2.51-2 0.01

Rates
+2m

uSv/h FSD*

3.22
0.02
1.85
0.05
9.59-3 0.01
8.78-3 0.01

+3m
uSv/h SD*

1.89 0.02
0.97 0.05

5.21-3 0.01
4.33-3 0.01

FSD fractional standard deviation
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TABLE H DOSE RATE VALUES OVER THE OPEN CASTOR MTR 2 CASK

y

Total
Sources

[y/s]
Active part
5.8997+14
End parts
1.5107+9

[n/s]
3.1391+4

Surface
Sv/h

1.88

2.29-5

3.66-7

FSD

0.05

0.02

0.01

+l i
Sv/h

1.22

1.28-5

9.74-8

Dose
n

FSD

0.02

0.01

0.04

rates
+2rr

Sv/h

0.64

6.37-6

4.08-8

FSD

0.04

0.02

D.01

+3m
Sv/h

0.35

3.73E-7

2.20-8

FSD

0.05

0.02

0.02

* FSD fractional standard deviation

The statistical errors (under 5%) are insignificantly comparatively with the more important
errors that come from modeling limitations. The error due to the smearing of the fuel
materials is about 30% [8]. The approximations done for radioactivity and further gamma and
neutron sources ORIGEN-S calculation induce an error of about +/-15% per fuel element.
But, the large number of fuel elements of the cask loading (42) permits the compensation of
these errors arising from uncertainties given by the various positions of the fuel elements
during irradiation.

The values of dose rates exterior to the cask charged with WWR-S spent fuel
(see Tab. I) are below the limit i.e. 2mSv/h, accepted by the National Regulations for Nuclear
Safety.

In comparison with the gamma dose rates arising from active part of the fuel elements,
those that came from the end part materials are negligible (see Tab. II).

5. CONCLUSIONS

It is concluded from this computational study that, from the point of view of the shielding
safety, the CASTOR MTR 2 cask offers a safe containment of the Romanian WWR-S reactor
spent fuel. The results obtained assist in the achievement of the working procedures that must
be observed during the loading of cask as well as for audit activities. The conservative
approximations made must be taken into account in order to have more precise basic input
needed to established the conditions of personnel operation in the working area and to assure
the safety of staff according to the ALARA principles.
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Abstract

The first Kozloduy nuclear power reactor was put into operation more than 25 years
ago. Six reactors are currently in operation which provide over 45% of electricity of the
Republic of Bulgaria. Due to expiration of design resources, considerations are underway for
decommissioning the first nuclear power reactor by the end of 2004. This document contains a
retrospective synopsis of the radioactive waste materials management - spent fuel and
radioactive waste. Some aspects of the radioactive waste materials management that are
awaiting decision are pointed out.

1. IMPORTANCE OF KOZLODUY NPP TO BULGARIA

The Kozloduy NPP operates six reactors. The National Electric Company is the owner
of the reactors. Four reactors are of the WWER-440/B-230 type and two of the WWER-
1000/B-320 type. The beginning of reactor operation and the end of their design resource are
presented in Table I.

TABLE I. KOZLODUY NPP POWER UNITS - BEGINNING
AND END OF OPERATION

NPP Unit

Kozloduy unit #1
Kozloduy unit #2
Kozloduy unit #3
Kozloduy unit #4
Kozloduy unit #5
Kozloduy unit #6

Reactor Type

WWER-440/230
WWER-440/230
WWER-440/230
WWER-440/230
WWER-1000/320
WWER-1000/320

Beginning of
Operation

October 1974
November 1975
December 1980

June 1982
November 1987

August 1991

End of Design
Resource

2004
2005
2010
2012
2017
2021

Construction of two WWER-1000/B-320 reactors was started on a site near the river
Danube but, in 1990, was discontinued. Kozloduy NPP provides a big part of the country's
electricity: the relative share for 1998 amounts to 45.6 %.

The data analysis for Kozloduy NPP discharges and the radiation monitoring around
the site [1] shows that the NPP does not influence the environment by radiation or other
harmful effects.

Bulgaria is not rich in water power resources. The heat power industry is based mainly
on its own coals and a comparatively low amount of imported petroleum oil products and
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natural gas. The Bulgarian coals used in the electricity production are of low calories, of high
sulphur content and natural radionuclides which lead to high pollution of the environment.

In this context, Kozloduy NPP is a very important environmental friendly technology
and has a great contribution to achieving and maintaining European standards for clean
environment towards which Bulgaria is aiming.

By the usage of nuclear power at Kozloduy NPP, Bulgaria in fact contributes to
reduction of CO2 emissions. In this way, the obligations of the Kyoto Protocol signed by the
European countries are met.

2. RADIOACTIVE WASTE MATERIALS FROM KOZLODUY NPP OPERATION

The operation of Kozloduy NPP leads to generation of two major streams of
radioactive waste materials - high level spent fuel and low level solid and liquid waste. The
management of radioactive waste materials is performed by a special department in Kozloduy
NPP established in 1991.

2.1 Spent Fuel

According to the effective Bulgarian legislation, spent fuel becomes radioactive waste
when its owner declares it as being radioactive waste. But due to its very nature, spent fuel
inevitably, sooner or later, leads to generation of high level waste or the spent fuel itself will be
treated as high level waste.

(a) Spent fuel processing

By 1988 the spent fuel from WWER-440 reactors was transported to Russia for
processing and the waste from that process was not returned to Bulgaria. Having the new
situation and conditions now, the waste from spent fuel processing is foreseen to be returned to
Bulgaria after respective conditioning. The question relating to transportation and processing
of WWER-1000 spent fuel is to be solved.

(b) Long term storage of spent fuel

The Kozloduy NPP spent fuel is stored initially for 3 to 5 years in storage pools at the
reactor. After that period it is transported for processing, or is long-term stored in a wet spent
fuel storage facility on-site. The operation of the wet storage facility for long term storage of
WWER-440 spent fuel started in 1990. Its construction followed the regulatory documents of
the former USSR at that time. The Spent Fuel Storage Facility (SFSF) is intended for long-
term storage of 168 baskets of spent fuel (6001. U heavy metal) after 3 years minimum stay in
the pools at the reactor..

After 1991, a wide programme for SFSF safety enhancement has been developed. The
aim of this program is meeting the requirements of contemporary safety standards and creation
of the technical capability of WWER-1000 spent fuel storage. The projects for SFSF
supplementary demineralized water and cooling water supply, as well as independent back-up
power supply, have already been executed. The tested transportation equipment for WWER-
1000 spent fuel, for transportation from the units to the SFSF, is supplied.
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By the end of 1999, the civil construction works on the seismic upgrade of the SFSF
structure shall be completed. In 1999, following a contract financed by the PHARE
programme, the Safety Analysis Report of the SFSF, which specifies the executed projects on
the safety enhancement, was completed.

2.2 Low level waste generated by Kozloduy NPP

(a) Liquid radioactive waste processing

The purification of service water contaminated with radionuclides is performed by ion
exchange and evaporation in the Electricity Production Plants (EP) - EP1 for the WWER-440
reactors and EP-2 for the WWER-1000 reactors - two separate and independent plants in the
structure of Kozloduy NPP. The generated radioactive concentrates are stored in stainless
steel tanks. Up to now there are 7700 m3 accumulated concentrates from the evaporators and
spent resins. The concentrate activity is defined mainly by the radionuclides 137Cs and 134Cs.
The maximum specific activity reaches 2.0 E7 Bq/1 and 2.6 E6 Bq/1, respectively.

(b) Solid radioactive waste treatment

The solid radioactive wastes generated up to 1991 were stored untreated in the
Auxiliary Buildings (AB) and in the specially constructed surface disposal on the Kozloduy
NPP .site. After 1991, the waste was treated, by the special treatment department, by
compaction - 40 t. and supercompaction - 1000 t. The compacted solid radioactive waste is
stored in AB-3 and the supercompacted in the surface disposal on-site.

A solid radioactive waste minimization programme is being implemented. As a result,
volume reduction of the waste is recorded since 1997. The volume of the currently generated
solid waste and of the waste generated in the past is reduced. The total volume of the solid
radioactive waste accumulated since 1974 is 6770 m3.

(c) Liquid radioactive concentrate conditioning

A treatment plant for liquid radioactive concentrates conditioning by solidification is
under construction. It is of Westinghouse technology and the designer is Energoprojekt. The
start-up operations of the plant are provided for May 2000.

3. RADIOACTIVE WASTE FINAL DISPOSAL

3.1 Concept for radioactive waste national repository in the Republic of Bulgaria

The Council of Ministers, with its decision 7/23.04.1991, assigns to the Bulgarian
Academy of Science to develop a Concept for a National Repository for Radioactive Waste in
the Republic of Bulgaria. In this concept, three types of storage should be considered [2]:

- storage for low and intermediate level waste;
- storage for high level waste (sources);
- storage for spent fuel or high level waste generated from spent fuel processing.
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The first storage can be of near surface type. The second and third can be constructed in deep
geological layers only. If the geological formation is of enough capacity and if the special
requirements to the physical-chemistry form, waste form and package are met, one storage can
be constructed which should take high level radioactive waste (sources) as well as the waste
from spent fuel processing.

3.2 Investigations for repository site selection for low radioactive waste generated by
Kozloduy NPP

The Geology Institute of the Bulgarian Academy of Science reports in June 1999 the
results from the investigation on the repository site selection for low radioactive waste
generated by Kozloduy NPP [3]. As a result, for the following detailed investigation, three
sites adjacent to Kozloduy NPP are proposed.

4. NATIONAL STRATEGY FOR SAFE MANAGEMENT OF SPENT FUEL AND
RADIOACTIVE WASTE

The Council of Ministers with its decision 539/09.10.1998 assigned the Bulgarian
Academy of Science and the Committee of Energy the development of a "National strategy for
safe management of spent fuel and radioactive waste". This strategy was developed and in
June 1999 it was presented to the Council of Ministers.

The strategy is directed to creation of a uniform national system for the management of
radioactive waste and spent fuel in accordance with the IAEA recommendations and the
legislation of the European Union in this field. It provides for establishment of a national
department to manage the radioactive waste generation in the country.

Based on the Act for Peaceful Purpose Usage of Atomic Energy (Article 6), the fund
called "Safety and Radioactive Waste Storage" was established. Its functions actually started
on January 01, 1999.
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Abstract

Preparations for establishment of a LILW repository in Croatia have reached a point where a
preliminary safety assessment for the prospective facility is being planned. The planning is not based
upon the national regulatory framework, which does not require such an assessment at this early stage,
but upon the interagency BSS and the IAEA RADWASS programme recommendations because the
national regulations are being revised with express purpose to conform to the most recent
international standards and good practices. The Waste Convention, which Croatia has ratified in the
meantime, supports this approach in principle, but does not appear to have more tangible regulatory
relevance for the safety assessment planning. Its actual requirements regarding safety analyses for a
repository fall short of the specific assessment concepts practiced in this decade, and could have well
been met by the old Croatian regulations from the mid-eighties.

1. INTRODUCTION

Croatia has been preparing to build a LILW repository to accommodate waste generated in
various applications in the country, but primarily to accommodate its share of radioactive waste
generated in the NPP Krsko in the neighboring Slovenia - recognizing the responsibility and
anticipating bilateral arrangement on the NPP ownership, expected to be reached soon. A number of
activities related to establishment of the repository have been undertaken, including repository siting
and preparation of conceptual design variants for the disposal facility. At this stage, a preliminary
safety assessment addressing primarily the post-closure performance is being planned.

The assessment planning is not based upon the national regulatory framework - which does not
require such safety analyses so early in the process of repository establishment - but upon the
International Basic Safety Standards for Protection against Ionizing Radiation and for the Safety of
Radiation Sources [1] (the BSS) and upon the IAEA's RADWASS program recommendations. The
relevant national regulations are presently being revised with express purpose to conform to the most
recent international standards and good practices, so the assessment procedure is planned in
anticipation of such development.

2. NATIONAL REGULATORY FRAMEWORK

Presently, Croatian legislation maintains three basic laws, providing a mosaic layout for the LILW
safety:

(a) The Law on Protection against Ionizing Radiation [2], which is the new Croatia law adopted in
1999;

(b) The Law on Protection against Ionizing Radiation and on Special Safety Provisions for Use of
Nuclear Energy [3], the former federal law from 1984; and

(c) The Law on Measures for Protection against Ionizing Radiation and for Safety of Nuclear Objects
and Facilities [4], the former republic law from 1981.
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The 1981 law specified mainly the regulatory authority to be exercised by the former Republic
within Yugoslav Federation, and was not affected by the 1984 revision of the basic federal law. The
new Croatian law updated concepts and requirements of radiation protection, but did not address
nuclear safety at all, therefore retaining in power the segments of the two older laws which regulate
safety of nuclear facilities.

Regarding radioactive waste management, the new law empowers the Minister of Health to
prescribe all the relevant regulations based on most recent internationally recognized standards and
recommendations. In the meantime, waste management facilities are designated as nuclear facilities,
and therefore subject to the old laws and their subordinate regulations.

The old federal law deals with radioactive waste management and disposal prescriptively through
regulations designed for nuclear facilities in general, and primarily tailored for purposes of NPP safe
operation. The subordinate codes of practice did later address LILW disposal more specifically, but
have tried to retain full parallelism (sometimes well beyond the appropriate) with the concepts of
power plant operations safety.

For evaluation of safety, the law required a non-specific procedure simply designated as analysis:
"Technical and other conditions for location and construction of a nuclear facility will be judged
based on analysis of all data relevant for estimating potential impacts of the planned facility on
human environment and of events in the environment on the facility." However, for some steps in a
facility approval procedure (starting with "authorization for the construction of a nuclear facility"), a
safety report is introduced.

More specific safety requirements for repository development can be found in several codes of
practice subordinated to the basic law. One of them, The Code of Practice on Conditions for Location,
Construction, Testing Operations, Start-up and Operation of Nuclear Facilities [5], introduces a few
specific requirements for repositories, randomly scattered among general nuclear safety articles. Its
sequel, "The Code of Practice on Preparation and Contents of Safety Reports and Other Documents
Required to Determine Safety of Nuclear Facilities" [6], contains a lengthy appendix which
prescribes the standard form and contents of safety reports for radioactive waste repositories.

Prescriptive and segmented requirements in these codes do not put much emphasis on integrated
safety analyses of the whole disposal system. Vaguely described facility types are considered
separately from poorly defined conditions for disposal site acceptability (such as impermeability of
the soil or distance to the groundwater table), and it is then required that "design of the repository
must grant the required safety" or that the site properties "be ensured for 300 years".

The prescribed form and contents of the safety report are outlined in great detail, further
clarifying that safety assessment was not intended to play a significant role in repository development.
Information on characteristics and properties for many specific features of the facility are required
prior to any assessment. Safety analyses are accounted for towards the end of the document, and for
their presentation only one out of 13 safety report chapters is proposed.1 In addition, the code of
practice did not try to exempt the repositories from the overwhelming focusing on the safety of
operations. Only one safety report is sufficient for construction approval to be granted (siting
included) - equally for reactors and repositories - but at least two "final safety reports " are needed
later, one for approval of testing operations, and the other for the real operation. While indeed crucial
for facilities like nuclear reactors, such an approach distracts from the safety of waste disposal. It
causes an unacceptably small proportion of the safety concerns to be aimed at the important initial
phases of repository development.

The preliminary safety assessment which is now being planned for the prospective Croatian
repository can in many respects disregard actual regulations, since they do not require its preparation.

' One could make similar observations about the IAEA TECDOC "Preparation of safety analysis reports (SARs)
for near surface radioactive waste disposal facilities". Published in 1995, it claims to be an updated version of
the 1991 draft, but it does not quite reflect the new BSS and subsequent RADWASS approach to safety
assessment.
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And later assessment iterations will be carried out in revised regulatory environment. Still, it is worth
noting that even present regulations do not impede continuation of the safety assessment as planned,
they only attribute considerably less significance to the procedure than for example RADWASS
program does.

3. INTERNATIONAL GUIDANCE ADOPTED

Much greater importance of the safety assessment in the recent internationally recommended
regulatory approach to near surface repositories is easily deduced from the BSS licensing
requirements. They state that "the Legal person responsible for... radioactive waste management
facility... shall apply to the Regulatory Authority for an authorization which shall take the form of a
license ". The license is defined as "an authorization granted by the Regulatory Authority on the basis
of a safety assessment and accompanied by specific requirements and conditions to be complied with
by the licensee ".

Furthermore, the BSS require that safety assessments "be made at different stages, including
siting, design, manufacture, construction, assembly, commissioning, operation, maintenance and
decommissioning, as appropriate."

While the BSS definition of safety assessment remains quite general in order to be applicable to
all regulated facilities, they refer waste management to RADWASS program publications for more
detailed specifications. In these publications safety assessment is required to be "an analysis to
predict the performance of an overall system", which is an obvious prerequisite for any convincing
evaluation of potential hazards associated with a disposal facility. For that reason in some national
regulatory systems the assessment of a repository is generally referred to as performance assessment
rather than safety assessment. But the RADWASS program insists on a distinction, whereby
"performance assessment becomes a safety assessment when the system under consideration is the
overall waste disposal system and the performance measure is radiological impact or some other
global measure of impact on safety" (from Safety Assessment for Near Surface Disposal [7]).

Whatever the term used, we recognize the safety assessment for LILW repositories as a procedure
characterized by (a) by its performance-based analysis of the whole system, (b) by its continuous
interaction with repository development and management and (c) by its central role in regulatory
approval of the repository establishment.

4. SAFETY ASSESSMENT PROPOSAL

In order to conform to contemporary good practices we sought more specific guidance on the
assessment procedure provided by the IAEA BIOMASS [8] and ISAM [9] projects. Difficult as it
generally is to solicit public aproval even in the usual case of repositories for the
waste already kept somewhere in the country, our waste mangement community is
faced with still greater challenge: to gain public acceptance for disposal of the
waste which presently is not in Croatia. We expect that carefully planned, well
documented and fully transparent safety assessment may be of significant
assistance in that process. We shall therefore present it to all interested parties
and to the general public as follows:

(a) Safety assessment is a process intended to determine whether reasonable assurance can be
provided that doses or risk will be below the appropriate regulatory limits.

(b) Preliminary safety assessments will especially focus on data collection needs, such as site and
waste characterization and design specifications, and should be able to provide early warnings of
technical gaps to be filled.

(c) Preliminary safety assessments will be used as a decision-making tool in the early phases of
repository development. The assessment calculations should evaluate long term repository
performance, demonstrating that desirable safety can be achieved by an appropriate selection of:
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(1) facility site on the approved wider location, (2) one of the two proposed facility designs, (3)
adequate institutional control arrangements and (4) reasonable waste acceptance criteria.

(d) The results of the assessments will be documented in a safety report, intended to present the
assurance established in the assessment process to the regulators in a clear and defensible way.
Also, reflecting the decision-making role of the assessments, the report will contain comparison
of different options and possible limitations to be imposed.

5. WASTE CONVENTION IMPACT ON ASSESSMENT PLANNING

The Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management (Waste Convention), which Croatia has recently ratified, supports in principle the
approach to the repository safety assessment outlined above. It does so already by the Preamble
commitment to "keep in mind the principles contained in the interagency BSS ", from which our
approach has been derived. However, it is not clear that the Convention specifically defines safety
assessment in such a way that it should necessarily have the basic attributes described in the recent
RADWASS publications. In particular, it is not explicitly suggested that it could be an iterative process
affecting repository development. On the contrary, article 15 requires a systematic safety assessment
before construction of a radioactive waste management facility, while article 13 for the siting of
proposed facility previously required evaluation of the likely safety impact of such a facility on
individuals, society and the environment. This practically implies that two unrelated analyses are
proposed. Therefore the Waste Convention does not appear to have any tangible regulatory relevance
for our safety assessment planning. Its actual requirements regarding safety analyses for a repository
fall short of the specific assessment concepts practiced in this decade, and could have been met even
by the old Croatian regulations from the mid-eighties.
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Abstract

This paper presents the Korean regulatory approach to safety assessment consistent with
probabilistic, risk-based long-term safety requirements for near surface disposal facilities. The
approach is based on:
(1) From the standpoint of risk limitation, normal processes and probabilistic disruptive events

should be integrated in a similar manner in terms of potential exposures; and
(2) The uncertainties inherent in the safety assessment should be reduced using appropriate

exposure scenarios.
In addition, this paper emphasizes the necessity of international guidance for quantifying potential
exposures and the corresponding risks from radioactive waste disposal.

1. INTRODUCTION

Radioactive waste disposal shall be carried out in such a way as to demonstrate that the associated
potential hazards will be acceptable [1]. Such a demonstration may be established through a
systematic safety assessment, which evaluates the performance of the overall disposal system and
its radiological impact on human health and the environment.

In Korea, near surface disposal is designated as the disposal method for low- and
intermediate-level radioactive wastes. The Korean Atomic Energy Act prescribes the long-term
safety requirements for near surface disposal in terms of a risk constraint, which requires a
probabilistic, risk-based approach to the safety assessment. The Korea Institute of Nuclear Safety
(KINS), the nuclear regulatory institute in Korea, is currently considering how to implement the
risk-based safety requirements for near surface disposal [2]. This paper describes KINS' approach
to this subject.

2. REQUIREMENTS AND ISSUES FOR LONG-TERM SAFETY ASSESSMENT

The Korean regulatory framework is well established for near surface disposal. It provides long-
term safety requirements for near surface repositories in concrete terms, including:
(1) Compliance with the IAEA safety principles [1] shall be assured;
(2) The individual radiological risk shall not exceed 10^/yr;
(3) The period of compliance for meeting the individual risk requirement need not exceed 1,000

years, while the risk shall not abruptly increase beyond this time; and
(4) The risks shall be calculated based on either dose estimates from deterministic analysis or the

mean value of dose distribution from probabilistic analysis, with probabilities of occurrence
of exposure scenarios and the risk coefficient of 5.0 x 10"2/Sv [3].
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The specified period of compliance, 1,000 years, is relatively short compared with those being
considered in other countries [4]. But it reflects some restrictive factors such as the characteristics
of radioactive wastes to be disposed of in near surface disposal facilities, the geohydrological
nature of Korea, and the amplification of complexity and uncertainty with time. Since the
framework adopts a risk limitation system for controlling the potential exposure from radioactive
waste disposal rather than a dose limitation system, these requirements need implementing by an
overall probabilistic safety assessment.

The performance of near surface repositories depends upon various factors, such as waste
form and content, engineered barriers, and site characteristics, which may govern source terms and
radionuclide transport. For their post-closure phase, the major safety issues are related to the
potential radiation exposure and the associated uncertainties over periods far into the future [5].
Consequently, a systematic long-term safety assessment must project the effects of such governing
factors on the potential exposure over the long time period, estimating the uncertainties involved in
the projection while minimizing their inflow. In the Korean situation, such points should be
managed within a probabilistic, risk-based framework.

3. DEMONSTRATION OF COMPLIANCE WITH PERFORMANCE OBJECTIVE

The safety requirements described above may be condensed into a performance objective such that
the following condition should be satisfied for representative members of the critical groups in
connection with the potential exposure over 1,000 years from disposal [6]:

, [R, - z , /v -V-H ^ 10"6/yr
max

where i?, denotes the annual risk expected for the /th year, Py is the probability of occurrence of
exposure scenario j for the ith year, Ey is the committed effective dose from exposure scenario _/ in
the rth year, and F is the risk coefficient. If, after considering the magnitude and time of the
consequence, and associated uncertainty, we decide that the performance objective is not met, we
should impose inventory limits for the problem waste, or improve the design of the repository, else
reject the proposed disposal system.

The performance of a repository should be consistent with general radiological protection
principles, while the same radiological protection principles should be adhered to throughout a time
frame for a given safety assessment [1,7]. In terms of potential exposure, it is reasonable that
normal processes and probabilistic disruptive events be integrated in a similar manner [6,8,9]. In
this context, the risk limitation expressed above may allow us to maintain a coherence in treating
exposures from normal processes such as radionuclide transport by groundwater and exposures
from low-probability abnormal events such as inadvertent human intrusion into the disposal system.

' The uncertainties inherent in the safety assessment should be treated as clearly as possible to
demonstrate, with reasonable assurance, that the performance objective will be met. The possibility
of exposure is the most significant contributor to uncertainty in the estimation of potential
exposure. In general, the uncertainty in estimating the probability of occurrence is much greater
than the uncertainty in estimating the probability of the consequence in the case of the occurrence
of exposure. Therefore, reasonably conservative scenarios should be identified and used in the
safety assessment in order to reduce inflow of such uncertainty by covering other minor scenarios.
In addition, unnecessary speculations should be excluded in selecting scenarios since they will
amplify uncertainty during the safety assessment and finally invalidate the risk limitation system.
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The concept of risk, on which the approach discussed above is based, is not easy to apply in
real situations. For this concept to be more effective, an international guidance for treating potential
exposure should be established for disposal application. In order to overcome the weaknesses of
this concept, it may be desirable to introduce some dose-based elements to the risk limitation
system. For example, we may have an additional performance criterion that the 95th percentile of
the total risk distribution should not be greater than 5 x 10"5/yr [4,10], which is equivalent to the
dose limit of 1 mSv/yr.

4. CONCLUSION

This .paper presented an approach for demonstrating compliance with probabilistic, risk-based long-
term safety requirements for near surface disposal in Korea. The approach integrates normal
processes and probabilistic disruptive events coherently based on risk limitation. In order to make
the safety assessment valid, it tries to reduce uncertainties inherent in the safety assessment by
appropriate selection of exposure scenarios. In Korea, a similar approach is going to be applied to
the deep geological disposal of high-level radioactive waste as well.

The risk-based approach is consistent with the concept of potential exposure. Although there
are still a number of problems surrounding the approach, they can be resolved based on
international guides on this subject. We believe that this approach will provide a reliable estimate
of performance for a safety assessment with reasonably conservative modeling.

Reference

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, The Principles of Radioactive Waste
Management, Safety Series No. 111-F, IAEA, Vienna (1995).

[2] JEONG, C. W., et al., "Technical consideration on a safety assessment methodology for low-
and intermediate-level radioactive waste disposal facilities", Proceedings of the Korean
Nuclear Society Autumn Meeting, Seoul, Korea (October 1999).

[3] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1990
Recommendations of the ICRP, Publication 60, ICRP (1990).

[4] U.S. NUCLEAR REGULATORY COMMISSION, Branch Technical Position on a
Performance Assessment Methodology for Low-Level Radioactive Waste Disposal Facilities,
Draft for Public Comment, NUREG-1573, US NRC (1997).

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Assessment for Near Surface
Disposal, Safety Series No. 111 -G-3.3, IAEA, Vienna (1997).

[6] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Protection from
Potential Exposure: Application to Selected Radiation Sources, Publication 76, ICRP (1997).

[7] INTERNATIONAL ATOMIC ENERGY AGENCY, Near Surface Disposal of Radioactive
Waste, Safety Series No. 11 l-S-3, IAEA, Vienna (1997).

[8] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Protection from
Potential Exposure: A Conceptual Framework, Publication 64, ICRP (1993).

[9] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Radiation
Protection Principles for the Disposal of Solid Radioactive Waste, Publication 46, ICRP
(1985).

[10] SAVAGE, D. (Ed.), The Scientific and Regulatory Basis for the Geological Disposal of
Radioactive Waste, John Wiley & Sons, Inc. (1995) 362 pp.

147



XA0054232

IAEA-CN-78/36

DEVELOPMENT OF A METHODOLOGY FOR THE SAFETY ASSESSMENT
OF NEAR SURFACE DISPOSAL FACILITIES FOR RADIOACTIVE WASTE.

I. SIMON * , J. LOPEZ DE LA HIGUERA " , E. GIL ** , D. CANCIO *,
E. GARCIA**, L. F. ALONSO*, A. AGUERO*

(*) CIEMAT, Centra de Investigaciones Energeticas Medioambientales y Tecnologicas,
(**) CSN, Consejo de Seguridad Nuclear,
Spain

Abstract

The Project on the Environmental Radiological Impact in CIEMAT is developing, for
the Spanish regulatory body Consejo de Seguridad Nuclear (CSN), a methodology for
the Safety Assessment of near surface disposal facilities. This method has been
developed incorporating some elements developed through the participation in the
IAEA's ISAM Programme (Improving Long Term Safety Assessment Methodologies
for Near Surface Radioactive Waste Disposal Facilities). The first step of the approach
is the consideration of the assessment context, including the purpose of the assessment,
the end-points, philosophy, disposal system, source term and temporal scales as well as
the hypothesis about the critical group. Once the context has been established, and
considering the peculiarities of the system, an specific list of features, events and
processes (FEPs) is produced. These will be incorporated into the assessment scenarios.
The set of scenarios will be represented in the conceptual and mathematical models. By
the use of mathematical codes, calculations are performed to obtain results (i. e. in terms
of doses) to be analysed and compared against the criteria. The methodology is being
tested by the application to an hypothetical engineered disposal system based on an
exercise within the ISAM Programme, and will finally be applied to the Spanish case.

1. INTRODUCTION

The Project "Environmental Radiological Impact" in CIEMAT is developing, for the
Spanish regulatory body Consejo de Seguridad Nuclear (CSN), a methodology for the
safety assessment of near surface disposal facilities. This method has been developed
incorporating some elements developed through the participation in the IAEA's ISAM
Programme (Improving Long Term Safety Assessment Methodologies for Near Surface
Radioactive Waste Disposal Facilities).

The safety assessment of the disposal facilities allows to demonstrate the compliance
with previously established regulatory criteria, the establishment of waste acceptance
criteria as well as the optimisation of the engineered barriers design. These evaluations
should be structured in a way such that the decisions and hypothesis would be easily
identified and allow to follow in detailed the various ways of reasoning.
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2. ASSESSMENT METHODOLOGY

The first step of the approach is the consideration of the assessment context [1],
including the purpose of the assessment, the end-points, philosophy, the disposal
system, the source term and temporal scales as well as the hypothesis about the critical
group.

1. Assessment
context

2.Describe the
system

3. Develop
and justify
scenarios

4. Formulate and
implement
models

10. Review and
modification

7. Compare
against
assessment
criteria

6. Interpret results

9. Effective to
modify
assessment
components

8. Adequate
safety case

FIG. 1. The Safety Assessment process

Once the context has been established (see Figure 1), and considering the peculiarities
of the system, an specific list of characteristics, events and processes (FEPs) is
generated. These will be incorporated into the assessment scenarios. The set of scenarios
will be represented in the conceptual and mathematical models. By the use of codes,
calculations are performed to obtain results (i. e. in terms of doses) to be analysed and
compared against the criteria.
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3. ASSESSMENT CONTEXT

The main components of this are:

(a) Purpose of the assessment
The safety assessment of the Spanish disposal facility will allow the revision of the
waste acceptance criteria, taking into account the current operation of the facility. The
evaluation will be structured in a way such that the decisions and hypothesis would be
easily identified and allow to follow in detailed the different ways of reasoning.

(b) Assessment end-points
Taking into consideration the purpose previously given, the total amount of
radioelements to be accepted in the facility and the maximum limits of activity
concentrations in the disposal units as well as in each cell will be calculated.

(c) Disposal system description
The facility is a near surface disposal, with two platforms which constitute a total of 28
cells, to allocate solid and solidified radioactive wastes of low and intermediate level
which proceed from radioactive and nuclear installations in Spain. The maximum
capacity of the facility is 35 000 cubic meters of conditioned wastes. The drums are
disposed of in a cubic concrete container of 25 tonnes. The voids between drums are
filled with mortar. The containers are disposed of in cells, which have the capacity for
320 each. For the closure of the facility, it will be protected with a low permeability
cover formed with impermeable and draining materials, which will protect the wastes
and assure the durability of the concrete containers. The mean annual rainfall is about
653 mm. The main surface water is formed by a river where some smaller streams
discharge to.

(d) Source term
The low and medium wastes to be accepted are those with beta and gamma
radionuclides, of short to medium half life (to the order of 30 years) and which have
limitations in the content of long lived radionuclides [2].

(e) Time scales
The Spanish regulation does not establish any specific requirement in terms of time
scales to be considered in the assessment. An institutional control period of 300 years
has been proposed and accepted. This looks to be adequate for the Spanish case to be
analysed.

(f) Critical group
The critical group is defined, according to the 77 ICRP Publication [3] as an
homogenous group in terms of diet, age and those aspects of behaviour that affect the
dose; it will be representative of the individuals in the population who receive the
maximum doses. With these premises, the critical group will be defined based on real
data from the population in the area.

150



4. IDENTIFICATION AND JUSTIFICATION OF SCENARIOS

The procedure developed for the definition of the scenarios to be considered in the
safety assessment establishes the following steps:

1. Structuring the information related with the waste, the engineering system and the
site, as well as the assessment context. It looks convenient the use of a FEPs list, as
an structured panel against which the evaluator will present the available
information.

2. Definition of components and the design conditions, based on the objectives and
criteria for the system safety.

3. Analysis and description of the system behaviour and evolution, according to the
design characteristics.

3.1. Design Scenario Description.
3.2. Identification and description of Alternative Scenarios.

5. SUMMARY AND CONCLUSIONS

The methodology here described has been defined taking into considerations the new
developments under the international context, mainly in the IAEA ISAM Programme.
The approach is sufficiently flexible and adaptable to a wide range of contexts and end-
points. The assessment approach should not been seen as a unidirectional, once through
process, iterations between elements in the approach is needed. A specific application is
being tested in the ISAM vault exercise prior to the application to the Spanish situation.

The structured process will allow to increase the understanding of the confidence
building process as well as of which approaches and tools are most appropriate to the
specific purposes.
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Abstract

The Dalat Nuclear Research Reactor was reconstructed from the former TRIGA
MARK-II in 1982 and put into operation in March 1984. The combined technology for
radioactive waste management was newly designed and put into operation in 1984. The
system for radioactive waste management at the Dalat Nuclear Research Institute (DNRI)
consists of radioactive liquid waste treatment station and disposal facilities. The treatment
methods used for radioactive liquid waste are coagulation and precipitation, mechanical
filtering and ion- exchange. Near-surface disposal of radioactive wastes is practiced at DNRI.
In the disposal facilities eight concrete pits are constructed for solidification and disposal of
low level radioactive waste. Many types of waste generated in DNRI and in some Nuclear
Medicine Departments in the South of Vietnam are stored in the disposal facilities. The
solidification of sludge has been done by cementation. Hydraulic compactor has done volume
reduction of compatible waste. This paper presents fifteen-years of safe operation of
radioactive waste management facilities at DNRI.

1. INTRODUCTION

The Dalat Nuclear Research Reactor has been used for research, radioisotope
production, neutron activation analysis and training of personnel. It is the main producer of
radioactive waste in Vietnam. The whole Institute generates about 100 m3 -150 m3 of liquid
waste and 5 m3 of dry and wet solid radioactive waste per year.

The system for radioactive waste management at the DNRI consists of two main parts:
- the radioactive liquid waste treatment station,
- the disposal facilities

The radioactive liquid waste treatment station collects radioactive waste from the
reactor operation, radioisotope production and other laboratories. The treatment methods
currently used for liquid wastes are coagulation and precipitation, mechanical filtration and
ion - exchange.

Dry and wet solid radioactive wastes are collected and stored in disposal facilities. In
this building, eight concrete pits have been constructed for disposal and solidification of
radioactive waste. The dry and wet solid waste are treated and conditioned.
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2. DESCRIPTION OF THE RADIOACTIVE WASTE MANAGEMENT FACILITIES

2.1 Radioactive liquid treatment station

The radioactive liquid treatment station consists of:

- 4 storage tanks (5 m3 each) for liquid waste collection and precipitation
- 8 ion-exchange and two mechanical filters
-16 pumps
- 4 sludge reservoirs
- 4 storage tanks containing alkaline-acid solution.

2.2. The disposal facilities

In the disposal facilities eight concrete pits are constructed for disposal of low level
radioactive waste. Each pit is 6 m long, 6 m wide and 3.4 - 5.7 m deep. The thickness of the
walls is 0.4 m. The volume of the disposal pits is 896 m3' An overhead crane, capable of
lifting a concrete slab, which covers the pit, does transportation inside the building. The
disposal facilities consist of general service, sludge storage tank, waste conditioning and
decontamination.

3. WASTE ARISING

3.1 Liquid -sludge radioactive wastes

The main quantity of waste from DNRI is in liquid form. The whole Institute generates
about 100 -150 m3 liquid wastes per year. The main radionuclides contained in the wastes are
1-131, Cr-51, Co-60, Tc-99m, Cs-134, Mn-54, and P-32. The total activity of the liquid wastes
is less than 10'7 Ci/1 [1].

Recently at the DNRI, every year about 5 m3 of sludge and concentration resulting
from liquid waste treatment processes are collected in the interim storage tank located at the
radioactive liquid waste treatment station. Then they are pumped to the sludge storage tank
located in the disposal facilities. This tank serves as the feeding tank for the cementation
process. The main radionuclides contained in the sludge are Co-60 and Cs-134 with total
activity less than 2.10"6 Ci/1. The density of sludge is more than 10g/l.

3.2 Dry and wet solid waste

Every year about 5 m3 of dry solid waste from DNRI and some Nuclear Medicine
Departments in the South of Vietnam are collected in the disposal facility. Dry and wet solid
waste is collected in plastic bags at the working place and then transported to the disposal
facilities. According to the IAEA classification for radwastes, most of them belong to low
level, short lived wastes.
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4. SAFE OPERATION OF RADIOACTIVE WASTE MANAGEMENT FACILITIES

4.1 Treatment methods of liquid wastes

4.1.1 Chemical precipitation

Liquid waste streams in the reactor building are collected in the four storage tanks
where the raw waste solution is precipitated by chemicals. Some chemicals and precipitation
processes have been tested and used in DNRI. They are hydroxide, phosphate, barium sulfate
precipitation and combined processes.

According to the test results in our laboratory, the best precipitation process is
hydroxide

Mn+ + nOFT => M(0H)n4-

Where Mn+ is Fe3+, Al3+ etc.

The solution is treated by adding FeSO4 and NaOH. The pH value of the solution must
be more than 8.5. Sometimes we have to use phosphate precipitation for solution including
radioactive Strontium. The decontamination factor (DF) is from 50 to 100.

4.1.2 Ion-exchange process

Ion-exchange method has been used to remove soluble radionuclides from liquid
waste. After precipitation, the solution is pumped to the ion-exchange units. It is done in two
steps, by mechanical filter followed by a two-stage ion-exchange column. The activity of beta
and gamma emitting isotopes reaches the level lower than 0.01 nCi/1. The DF is more than
1000. The cleaning solution may be released into the environment or supplied to reactor water
preparing system after activity and chemical control.

4.1.3 Conditioning of sludge

Both sludge from the precipitation tanks and the first part regeneration solution (from
ion-exchange filters) are collected in 4 tanks of 1 m3 volume each for interim storage. After
that they are pumped to the sludge storage tank located in the disposal facilities.

4.2 Operation of the disposal facilities

4.2.1 The first period-from 1984 to 1992

During this period the main activities in the field of the radioactive waste management
are focused on the liquid radioactive waste treatment. Some researches were implemented on
the proportion of waste to cement (w/c - ratio) of sludge and volume reduction. The disposal
facility twice a month was opened for receiving solid waste from various laboratories in
DNRI. The solid waste was thrown into the one of the eight concrete pits. According to the
design, the cementation was to be done directly in concrete pits.
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4.2.2 The second period -from 1993 up to now

With the help and recommendation from WAMAP Mission, the solidification of waste
had been done on an old campaign cementation unit. The cementation was implemented by
"In-line mixing cementation process" with a w/c-ratio of 0.47 - 0.50. In this process, the
cement was fed with a screw feeder while the waste was fed with mono-pump. From the
mixer, the cement waste mixture was directly released into 200 litter drums [2]. The solidified
work was very hard and difficult for the following reasons:

- The size of the unit was too big to be used for cementation in 200-litter drums.
- Unable to regulate accurate quantities of the waste and cement, appropriate with the

ratio waste / cement.
- There was no possibility to regulate the delivery of products provided by the mixer to

the 200-litter drum.

The new in-drum cementation unit-Beba drum mixer has provided by IAEA in the
framework of the project VIE / 9 / 007. It was tested and put into operation in April 1996.
Thanks for that, the solidified of sludge at DNRI became easier and safer.

We have designed and fabricated equipment to sort the solid wastes, which are
collected. The compatible waste is compacted by using hydraulic compactor. This compactor
has also provided by IAEA in the framework of the project VIE / 9 / 007. The work related to
the solid waste in this period is improved. It is not only collected but also separated;
characteristic measured and compacted as well.

5. CONCLUSIONS

Through operation of the facilities we have gained valuable experience in dealing with
radioactive waste. Thanks to the implementation of the IAEA Project VIE/9/007 -
Infrastructure for Treatment and Management of Radwaste in Vietnam, the radioactive waste
management facilities at DNRI are upgraded.

References

[1] NGUYEN THI NANG, Radioactive Waste Management at the Dalat Nuclear Research
Institute, the International Seminar on Radioactive Waste Management Practices and
Issues in Developing Countries, Beijing, China, 10-14 October 1994. IAEA/SR-186/22

[2] NGUYEN THI NANG, Nine Year of Operation of Low Level Waste Disposal Facilities
at the Dalat Nuclear Research Institute, International Symposium on Experience in the
Planning and Operation of Low Level Waste Disposal Facilities, Vienna, Austria, 17-21
June 1996. IAEA-SM-341/67P

155



XA0054234

IAEA-CN-78/38

SITE CHARACTERISATION OF HUNGARIAN REPOSITORIES
GEOPHYSICAL ASSESSMENT

G. REZESSY
Hungarian Geological Survey
H-1440 Budapest, POB 17,
Hungary

Abstract

A national project was launched in 1992 to select a safe site for the final disposal of low- and
intermediate level wastes of the Paks Nuclear Power Plant. The project started with a
country-wide survey which considered geological, social and various safety aspects. In 1998
one of the intermediary phases of the exploration was completed in which the geological
setting of a possible subsurface, in-granite, was surveyed. Existing legal requirements are
outlined, geophysical surveys applied are listed and first results of geophysical investigations
are described.

1. INTRODUCTION

hi Hungary, there is only one repository for low- and intermediate level wastes (LILW)
with a capacity of 5,000 m3. It is located in Puspokszildgy, 20 km NE of the administrative
boundaries of Budapest. At present its free capacity is quite small (170 m3) and future
permission for its extension is uncertain. For this reason a national project was launched in
1992 to select a safe site for the final disposal of low- and intermediate level wastes of the
Paks Nuclear Plant, located in the middle of Hungary, along the Danube. During the whole
operating cycle of the Plant an estimated 20,000 m3 of radioactive waste is generated. By the
end of the life cycle, about 20,000 m3 of LILW is expected depending on the method of
dismantling. According to the plans, both types of wastes must be placed in the same site to be
selected by the national project. The project started with a country-wide survey which
considered not only geological but also social (local acceptance) and various safety (national
boundary, population density, etc.) aspects. In 1998 one of the intermediary phases of the
exploration was completed in which the geological setting of a possible subsurface, in-granite
site was surveyed in the area of Bdtaapdti (50 km SSW of Paks):

2. LEGAL INSTRUMENTS PERTAINING TO FINAL DISPOSAL

According to the legal rules in Hungary, establishment of a repository for final disposal
of radioactive wastes is only permitted in natural geological formations with suitable seismic
and tectonic parameters. The formation as a natural ambience per se must properly hold up the
discharge and migration of wastes. Repositories must be established more than one kilometre
away from settlements, living waters, factories using inflammable materials or explosives, and
known mineral deposits.
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If the site is not suitable from all natural aspects, specific technical and constructional
methods must be applied. Prior to a decision on the location, a safety assessment must confirm
that the population exposure from the repository (taking into consideration the final
processing and the package of wastes together with the geological environment) does not
exceed the prescribed limit (0.25 mSv effective dose at present).

Since 1997 the geological requirements for the site selection and construction of nuclear
repositories are stipulated by a ministerial decree. TAe most significant general geological
requirements are as follows:

- the geological environment of the site must be explorable and modellable;
- surface, mechanic, seismologic, seismic, volcanic, hydrogeologic, petrographic and

geochemic stability of the geological environment must be qualified as suitable by the
safety assessment;

- the geological barrier must hold up the spreading of radio-isotopes to the degree
indicated in the safety assessment and it needs to preserve its characteristics during the
period foreseen in the safety assessment;
chemical, biological and physical processes in the geological environment must not
harm the technical protection;

- the receptive rock volume must be homogeneous from the point of view of its critical
characteristics, its volume must be sufficient for the establishment of the repository;

- hydrogeological system itself must secure the sufficiently long travel time of the
leakouts to the surface and an acceptable level of dilution;

- sites must not be designated on or nearby tectonic lines where surface faulting occurred
during the past 100,000 years.

Geological exploration must be divided into phases. The plans of the successive
exploration phases and the final report are to be approved by the Hungarian Geological Survey
(MGSZ) as the due geological authority. While geological results represent inputs to the safety
assessment, the acceptance of the safety assessment itself does not belong to the authority of
MGSZ.

3. GEOPHYSICAL METHODS APPLIED IN THE BATAAPATI SITE

There are several methods in geological exploration. For the study of subsurface rocks,
it is necessary to deepen a pilot shaft or to drill boreholes. In this way we get rock samples
which can be further studied. The flowing system of subsurface waters can be explored by
hydrologic/hydraulic studies. These geological methods are essential. The limitation of their
application lies in the fact that the process of exploration itself may reduce the effectiveness of
the geological barrier responsible for the isolation of wastes.

Geophysical methods can determine physical parameters (density, magnetic susceptibil-
ity, resistively and elastic/acoustic parameters) of some bigger rock masses. Knowing the
physical parameters, conclusions can be drawn concerning the quality and types of different
rocks and geological structures. Geophysical and drilling methods form an integrated unity in
mineral prospecting, particularly in oil and gas industry. Exploration can only be efficient and
economical if new drillings are planned on the basis of geophysical surveys. The same
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principle has to be applied in geological explorations for the siting and planning of
a repository. Using this idea, the following geophysical surveys have been completed in the
area of Bdtaapdti:

- gravity mapping;
- geoelectric (direct current and transient) soundings;

engineering-geophysical (penetration) soundings;
surface seismic surveys, using horizontal absorption tomography as well;

- a complete well-logging procedure in the boreholes with acoustic investigations and
borehole (PSQ and PS) seismics, production tests;

- cross-hole seismic surveys, absorption and velocity tomography;
- down-hole seismic profilings.

4. FIRST RESULTS OF GEOPHYSICAL INVESTIGATIONS

No integrated evaluation of geophysical surveys has yet been completed. The first
significant results are as follows:

- using the results of well-logging and penetration soundings, it is possible to identify the
detailed structure of the overburden sediments which is necessary for the investigation
of neotectonics;

- the acoustic bore-hole scanner provided a great amount of information on fissures in the
granite;

- it has been established that well-logging geophysics can be applied to determine
heterogeneities inside the granite mass and to identify various types of granite in space;

- results of cross-hole velocity tomography about the inner structure of the granite mass
corresponded to those obtained by drillings.

There are heated professional and social debates about the planned designation of the
Bdtaapdti site. Those who question the suitability of the site urge the exploration of another
area, though acknowledge the need for completing the investigations in Bdtaapdti. Accepting
the validity of several other aspects (financial, public acceptance, time limit, etc.), it is
considered essential, from a geological point of view, to (a) provide a full and integrated
assessment of the geological and geophysical surveys so far completed and (b) to make an
interim safety assessment on the basis of available data in order to facilitate the decision on
further investigations.

158



XA0054235

IAEA-CN-78/39

SAFETY IN WASTE MANAGEMENT PLANTS - AN INDIAN PERSPECTIVE.

P. SHEKHAR, P.D. OZARDE, P.M. GANDHI.
Bhabha Atomic Research Centre
Nuclear Recycle Group
Waste Management Projects Programme
Trombay, Mumbai - 400085
India

Abstract

Assurance of safety of public and plant workers and protection of the environment are prime
objectives in the design and construction of Waste Management Plants. In India, waste
management principles and strategies have been evolved in accordance with national and
international regulations and standards for radiation protection. The regulations governing
radiation protection have a far-reaching impact on the management of the radioactive waste.
The wastes arise at each stages of the fuel cycle with varying chemical nature, generation rate
and specific activity levels depending upon the type of the facility. Segregation of waste based
on its chemical nature and specific activity levels is an essential feature, as its aids in selection
of treatment and conditioning process. Selection of the process, equipment and materials in
the plant, are governed by safety consideration alongside factors like efficiency and simplicity.
The plant design considerations like physical separation, general arrangement, ventilation
zoning, access control, remote handling, process piping routing, decontamination etc. have
major role in realizing waste safety. Stringent quality control measures during all stages of
construction have helped in achieving the design intended safety. These aspects together with
operating experience gained form basis for the improved safety features in the design and
construction of waste management plants. The comprehensive safety is derived from adoption
of waste management strategies and appropriate plant design considerations. The paper briefly
brings safety in waste management programme in India, in its current perspective.

1. INTRODUCTION

India has adopted a closed Fuel cycle. Radioactive waste arises at each stage of the
fuel cycle. The physical and chemical nature, waste generation and specific activity levels, are
dependent on the type of the facility. Thus the treatment and conditioning methods adopted
will also be dependent on the waste origin. The operation of Nuclear Power Plants (NPP)
generates large volumes of low level (LLW) waste streams and small quantities of
Intermediate Level Waste (ILW) in the form of spent ion exchange resin. On the other hand
the operation of a Fuel Reprocessing Plant (FRP) generates small volumes of High Level
Waste (HLW) containing more than 99% of the radioactivity of the spent fuel, and moderate
volumes of ILW. The treatment and immobilization methods for each waste stream are
suitably selected to meet the design criteria. These will also dictate the type of the facility
needed, extent of shielding and remote handling, containment, instrumentation and control
requirement, redundancy & reliability. The overall safety pertaining to radioactive waste
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management, is governed by strategy adopted on one hand and reliability of the plants built to
implement the same. How these two aspects are effectively interwoven, in the context of
Indian waste management program, is briefly brought out in the following paragraphs.

2. MANAGEMENT STRATEGY

The design of waste management plants is aimed at minimizing the release of
radioactivity to the environment in line with the principle of ALARA. For this approach
adopted are waste minimization, segregation, recycle and reuse and improved process for
treatment and conditioning. Improvement is sought in disposal methodology using multi
barrier concept by constant up gradation of different types of engineered barriers. Some of the
application of these strategies to improve the waste safety in Indian plants is enumerated.

2.1 Segregation

Over the years there has been constant effort, to make improvement in terms of waste
generation, characteristics, and segregation at source. These measures have helped in bringing
down requirements of waste processing, their complexity thus improving waste safety.
Segregation of Tritium waste streams in PHWRS has made their independent management
possible. Thus stringent liquid route discharge limit could be met by controlled release of
these through air route by use of solar/steam evaporation.

2.2 Improvement in treatment processes

Alkaline ILW stream, which are high in salt loading are not amenable for ion exchange
treatment. Compatible with this chemistry is developed specific ion-exchangers. This offers
adequate decontamination and reduction in secondary waste generation by one order of
magnitude.

2.3 Conditioning process

No immobilization technique for spent ion exchange resins from purification systems
of NPP'S was in use in the initial years of operation. These are now being conditioned in
polymer matrix prior to disposal. Blended cement formulation is also developed for waste
compatibility and product quality improvements.

A past practice in FRP using certain chemicals has generated HLW with its chemistry
incompatible with standard vitreous matrix developed. Matrix therefore suitably modified to
ensure compatibility viz. lead borosilicate glass for sulfate bearing waste. Selection of
appropriate chemicals in present FRP has helped in control the HLW chemistry favorably
making them amenable for incorporation in standard vitreous matrix.

2.4 Storage and disposal

For disposal of Low and Intermediate level waste packages Near Surface Disposal
(NSD) are in use. These are co-located with the nuclear facility avoiding large distance
transport of waste. NSD facilities are in use for more than 30 years are being assessed for their
long term integrity, as a useful feed back for future design. Vitrification of HLW and its final
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disposal in deep geology is aimed at, for very long term isolation of radionuclide. Presently
site investigations are in progress to identify suitable geological formations. In the mean time
safe interim storage and cooling is being met in specially constructed Solid Storage
Surveillance Facility (SSSF). With a view to improve both technology and economic aspects
of safety in immobilization of HLW, studies are also taken up for actinide separation and
development of Synroc as a second-generation matrix.

3. PLANT DESIGN

A waste management plant is essentially a radio chemical plant. The design of such
plant needs to incorporate adequate features for safe handling of radioactive waste, apart from
conventional safety required in chemical plants. Radioactive safety features are made a part of
design in a manner to restrict both internal and external exposure. Adopting suitable
ventilation and zoning scheme achieve control of internal exposures. Shielding and
remotisation techniques are employed to restrict the external exposure. Implementation of
radioactive safety in waste management plants can be achieved through suitable piping and
equipment layout, built-in provisions of decontamination and decommissioning, in service
inspection and adequate redundancy. Major features as applicable to Indian Waste
Management plants are summarized.

3.1 Layout

The waste processing building is physically separated from the building housing
utilities. Radioactivity zoning of process buildings is carried out. Based on this, ventilation
scheme, barrier / access control are implemented. Waste processing equipments are
adequately shielded and containment provided depending upon level and nature of waste
streams. Use of increased thickness/density of shielding walls and windows has helped to
comply with revised permitted dose rate on the external wall surface. Hot cells are provided to
house equipments for processing high active streams. While concept of a single cell for
housing all the equipments was initially used, merit has found in use of compartmentalization
of cells. This has facilitated segregation of equipment based upon activity inventory,
replacement, repair and remotisation requirement helping in restricting exposures during
operation and maintenance. Thus HLW vitrification cell requiring high degree of remotisation
is kept devoid of liquid waste inventory. Further, equipment dealing with pre-treatment of
HLW is compartmentalized in cells which permits planned entry. Similarly small shielded
enclosures adjacent to main cells are planned for housing pumps, samplers, control valves,
etc.

3.2 Piping

The arrangements for process piping layout is planned, in a manner to have shorter
route, minimization of dead legs, unintended siphon, and prevention of back flow of process
fluids in utility lines due to mal-operation .For these, measures taken are, providing proper
slopes in piping and locating the transmitter area and process utility distribution area at the
highest possible elevation from the respective process equipment. HLW and ILW waste
generating and treatment plants are physically separated involving waste transfer lengths up to
500 meters. These are transferred through pipelines provided with multi envelopes. These
comprise secondary pipes and stainless steel boxing in concrete trench. Design provision is
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made for ascertaining integrity of primary pipe regularly. Such systems are not accessible for
repairs. Spare lines are provided for possible switch over in future.

3.3 Redundancy

Sufficient redundancy and flexibility in process equipment, their throughput and
transfer modes are taken as essential feature of the plant. These make allowance for variation
in waste composition and quantities of waste. This brings down frequent requirements of
intervention and avoidable exposures.

3.4 Quality Control

Another vital area of improvement in plant safety is stringent quality control measures
taken for all components of plant. Vast improvement in plant reliability and safety is achieved
through such a measure including stricter quality control and selection of raw materials. Use
of indigenously developed Nitric Acid Grade (NAG) stainless steel, in handling of HLW is
one such example.

4. CONCLUSION

The waste management philosophy in India is constantly upgraded keeping pace with
the latest international standards and practices. Whenever satisfactory treatment modes were
not available, the waste was managed without foreclosing option of treatment in future. For
example, spent resin, which has been in storage, will be retrieved, as conditioning methods are
now available. As regards to design safety of the plants proper, focus is on increased safety
margins that would result in improved safety in management of radioactive waste in new
plants and retrofitting such features in operating plants in a phased manner. Such a twin
pronged approach, is helping to maintain a high level of safety standards in waste
management progarmme in India.
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Abstract

Nirex is developing a staged, reversible concept for the disposal of ILW and certain LLW in the UK.
Within that concept, the retrievability strategy includes the option of keeping open the repository, for
an extended period, after all waste has been emplaced. In examining the feasibility of such an
approach, a number of key technical issues have been identified and options for addressing these
issues have been established. This paper will describe the issues identified and the development of
practical solutions for incorporating retrievability within the Nirex concept.

1. INTRODUCTION

Nirex believes that the safest way to isolate long-lived, solid radioactive waste is to place it in
a repository deep underground. To ensure that options are left open, that whole process
should be carried out in a staged, reversible way. This means that wastes should be capable of
being easily monitored and retrieved.

In essence the concept is that of an underground store giving future generations options on
final closure, whilst taking positive steps towards a long-term solution. This means that the
facility will have to meet the stringent criteria for a permanent repository with continued
monitoring to give society the extra assurance that the waste is secure and stable.

Overall, at each stage of development, time would be available to build sufficient confidence
before moving to the next stage, whilst retaining the ability to retrieve waste and pursue an
alternative option if that were available and preferred.

Nirex has examined the feasibility of incorporating an extended period of relatively easy
retrievability within its concept for an underground repository for ILW and certain LLW. A
schematic illustration of the Nirex concept is shown in Figure 1. During a period of interim
underground storage the repository would remain open to provide access for cranes and other
machinery to the vaults so that the waste remained retrievable.
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Figure 1. Nirex Concept

2. DESIGN PHILOSOPHY

The design philosophy that Nirex has adopted aims to provide flexibility by offering options
for a continued maintenance and refurbishment programme. This would enable future
generations to extend the period of underground interim storage, if they so desired, while
retrieval remained possible. The following factors need to be considered when designing for
extended storage in an underground facility.

• All areas of the repository are accessible by people for maintenance and
refurbishment apart from the vaults: here, radiation levels from the exposed waste
packages would prevent access by people and all operations would be carried out remotely.
The majority of emplacement equipment can be removed from vaults for maintenance, as
illustrated in Figure 2.

as
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Figure 2. ILW Vault Emplacement / Retrieval Systems
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• The vault environment would be controlled to maintain the sound condition of the
waste packages by controlling the temperature, humidity and chloride levels. This would
involve the filtration of the incoming air and the management of any water to minimise
contact with the waste stacks. These systems would need to continue performing
effectively for the period during which the wastes were stored; if they had to be designed
to operate for longer than about 100 years, they would need to be accessible for
maintenance.

• In terms of vault integrity, initial concepts were developed on the basis of
repository closure following a waste emplacement period of about 50 years. However, 100
years is considered an acceptable design life for the kind of rock support systems that
would be required. For a period of greater than about 100 years it would be necessary to
gain access for maintenance of rock support systems. Alternatively, it might be possible to
select the host geology and size of opening so that the vaults were self-supporting.

3. PROPOSED STRATEGY

Should a period of prolonged underground interim storage be the preferred option, the
following factors would need to be considered:

• During a waste emplacement period of about 50 years wastes could be retrieved
from the vaults by simply reversing the systems used to emplace them. Interim storage
could be extended by a further 50 years, during which time it should remain reasonably
straightforward to retrieve the wastes.

• To keep vaults open beyond about 100 years it would be necessary to arrange for
all repository systems and equipment to be accessible for maintenance. Where practicable,
equipment would be designed so that it could be removed from the vault for maintenance,
the only exceptions being rock support, groundwater management systems and fixed in-
vault equipment such as crane rails. A number of options are available to maintain these
items :

- Removal of waste from a vault to allow access to that vault for maintenance of rock
support, groundwater management systems and in-vault equipment. An additional
vault could be excavated so that a 'rolling' programme of vault maintenance could be
undertaken.

Design and construction of vaults so that rock support, groundwater management
systems and in-vault equipment would be shielded from the radioactive waste to allow
access to them for maintenance.

- Development of robotic systems for carrying out remote inspection and maintenance of
rock support, groundwater management systems and in-vault equipment.

Further work is being carried out to confirm the viability of the above options for extending
the interim storage period. That work will include consideration of issues such as container
corrosion, wasteform degradation and vault maintenance to identify constraints on the
duration of this period. Should a decision be taken in due course to backfill and seal the
vaults, less reliance would be placed on rock support systems and groundwater management
within the vaults could be ceased. The cement-based backfill would provide alkaline
conditions that would afford protection to waste packages by inhibiting container corrosion.
Retrieval would still be feasible following backfilling but with increased difficulty.
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Abstract

The paper intent is to present an update on the Romanian legislative and regulatory framework in the
area of radioactive waste management. Based on the experiences gained by the National Commission
for Nuclear Activities Control in the past years, the recent legislative initiatives related to the coherent
radwaste management policy at the national level are presented.

1. LEGISLATIVE AND REGULATORY FRAMEWORK

Radioactive materials have been used in Romania since 1957, after the construction of WWR-S
research and isotope production reactor. The nuclear safety legislation was developed in a series of
several stages since 1974 but in the radiation protection field, rules and practices have been set-up
since 1957 when two important nuclear facilities were built (2 MW research reactor VVRS type in
Magurele and the Cyclotron 120). The instructions concerning radioactive waste were issued in 1982
by the Regulatory Body based on the IAEA, OECD/NEA and USAEC publications valid at that time.
These rules refer to collecting, handling, transport, treatment and conditioning of radioactive waste
managed by Radioactive Waste Treatment Department, which by current legislation, is the only unit
authorised for treatment of radioactive waste. The waste categorisation used is obsolete.

The National Norms for Radiation Protection (norms) were issued in 1976. The norms, still in force,
are closely follows IAEA document SS No.l of 1973 (Safe Handling of Radionuclides; Radiation
Sources and Accelerators). However, it is necessary to be mentioned that for NPP Cernavoda, the
norms were modified from the beginning of the operation, in order to apply the ICRP 60 dose limits
and philosophy.

The new radiation protection norm is according to the recommendations of publication ICRP 60 and
of IAEA International Safety Standards for Protection against Ionising Radiation and for Safety of
Radiation Sources (SS 115/1996). Because Romania intends to adhere to the European Union, the
new norm also closely follows the prescriptions of Council Directive No. 96/29/EURATOM laying
down basic safety standards for the health protection of the general public and workers against the
dangers of ionizing radiation and other European regulations and recommendations. The new
radiation protection norm has a special chapter dealing with transfer of radioactive waste in
environment. This chapter deals with the control of disposal of radioactive waste and radioactive
effluent releases.

According to Law 111/1996 amended and republished in 1998, the National Commission for Nuclear
Activities Control (CNCAN) is an independent governmental organisation answering directly to the
Prime Minister, and is responsible for the development of the regulatory framework, the control of its
implementation and for the licensing of nuclear facilities. Also, CNCAN has responsibilities in the
field of nuclear safety, radiation protection, radioactive waste management, quality assurance,
physical protection, emergency preparedness, safeguards, export control, transport, operator
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certification, nuclear liability, developing international co-operation in its field of activity with the
similar bodies from other countries and with the international organizations specialized in the field.
Moreover, CNCAN is responsible for the strict observance and implementation of the international
undertaking of Romania in the peaceful uses of nuclear energy under the framework governmental
bilateral co-operation agreements.

The republished Law 111/1996 stipulates that the handling of radioactive waste resulting from users
of radioactive materials in medicine, agriculture, industry, research and from nuclear electricity
generation must be safely managed and disposed of in ways that ensure the protection of humans and
environment, now and in the future. The Law provides the legal requirements for radioactive waste
management. According to this Law, the waste producer bears the responsibility for the management
of this radioactive waste and also for the financial and material arrangements for covering the
collection, transport, treatment, conditioning and disposal of waste arising from the operation and for
decommissioning of his facilities. By law, the licensee shall pay a fee as a financial contribution to the
Radioactive Waste Management and Decommissioning Fund.

The Law 111 provides that other specific laws will be developed. For example, the proposed Law on
the Fund for the Management of Radioactive Waste and Decommissioning was prepared by CNCAN.

The proposed Law "On the Fund for the Management of Radioactive Waste and Decommissioning" is
under review by the competent Ministries and will be submitted to the Parliament. The basic idea of
this law is that all users of the nuclear technologies that resulted in the generation of radioactive waste
must contribute to this fund. The State budget and other sources also contribute to the fund. The
proposed law establishes the amount of contribution to the fund for all categories of users. For
example, the nuclear power plant (NPP) shall contribute 10% of the value of the produced electricity.
The users of old nuclear installations have to pay more than the users of modern nuclear installations,
in order to encourage the replacement of old nuclear techniques with new ones. The draft law also
established the provisions to allocate resources from the fund in order to improve techniques for
radwaste management and for decommissioning installations.

A key issue of this law is the setting up of a Radwaste Management Agency, which is in charge of
administrating this Fund, to establish the strategy in this field and to co-ordinate the actions. The
Agency will be co-ordinated by the Ministry of Industry and Commerce. The payment from the Fund
will be made after the approval of documents by CNCAN. A National Waste Management Company
is also envisaged to fulfil the technical duties in the field of radwaste management. The Company will
work on a market-economy basis.

2. MANAGEMENT OF RADIOACTIVE WASTE IN ROMANIA

The main objective in the management of radioactive waste is to protect current and future
generations from unacceptable exposures to radiation from man-made radioactive materials. The
sources of radioactive waste in Romania are users of radiation and radioactive materials in industry
(including nuclear electricity generation), medicine, agriculture and research; and the processing of
materials that are naturally radioactive, such as uranium ores, thorium associated ores and phosphate
fertilizers. The waste management in Romania encompasses the actions of one company and two
research institutes.

The Nuclearelectrica Company is responsible for the waste management of the Cernavoda Nuclear
Power Plant.

Sources of liquid radioactive wastes are shower and wash drains, service and reactor building drains
and laboratories. The radioactive liquids are collected in five concrete tanks (50 m3 each) which are
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located in the basement of the service building. Prior to discharge to the Danube or to the Danube -
Black Sea Channel, the liquids are treated by exchange resins and then monitoring. The volume of
radioactive organic fluids, oils and chemicals is relatively small. It is a current practice to store these
wastes in 200 L drums at the station awaiting for future treatment and disposal.

Based on a gamma dose rate measured at the contact with the container, three categories of solid
radioactive wastes are considered at the nuclear power plant: low activity wastes - type 1 (with a
gamma dose rate lower than 2 mGy/h on contact with the container), medium activity waste -type 2
(with a gamma dose rate between 2 and 125 mGy/h on contact with the container), medium activity
waste -type 3 with a gamma dose rate in excess of 125 mGy/h on contact with the container.

The solid waste management system includes the facilities to handle the following: spent fuel, spent
resins, spent filter cartridges, low activity solid wastes, noncompactable waste (metal, glass, etc.),
compactable waste (paper, rags, etc.).

A compacting operation using a drum compactor (630 KN force) available in a service building is
used for low level compactable wastes. No other process of treatment is available. A conditioning
facility for L/ILW is planned to be built within the project of the land disposal facility for Cernavoda
NPP.

The spent resin storage system, consisting of two concrete storage vaults having a capacity of about
200 m3 each, is provided in the service building basement. No conditioning is applied for spent resins.

The company is also responsible for the waste management of the fuel fabrication plant and through
the Subsidiary for Nuclear Research Pitesti (SCN), as well as for the waste management of the 14
MW TRIGA type material testing reactor and the associated irradiation examination facility. All these
facilities are equipped with adequate systems for the safe collection and storage of waste arisings
before the transport to the ICN Waste Treatment Facilities. Liquid Wastes from the fuel fabrication
facilities, containing mainly natural uranium are submitted to a treatment process in order to recover
the natural uranium for recycling. With the concentration below the licensed limits, the effluents may
be discharged. The concentrate from the evaporator is mixed with concrete and stored before transport
to the repository in steel drums with a maximum surface dose of 2 mSv. Solid wastes are separated
into combustible and non-combustible categories. Combustible wastes containing natural uranium are
burned in the incinerator. Beta-gamma waste are compacted and conditioned in concrete. Non-
combustible solid wastes are conditioned in concrete poured into standard 200 1 steel drums and
buffer-stored transport to the repository.

The Institute of Physics and Nuclear Engineering "Horia Hulubei" (IFIN-HH) is responsible for the
waste management from its VVRS research reactor. The LLW/ILW radioactive wastes from all over
the country are within responsibility of IFIN-HH Waste Treatment Department with the exception of
waste from the ICN at Pitesti and from the Cernavoda NPP. ILW at Magurele is originated mostly
from collected spent gamma sources and irradiated material from the Magurele research reactor and
also includes nuclear waste from radioisotopes production at Magurele. All waste are conditioned in
200 1 drums and placed in interim storage before the transport to the National Repository.

For final disposal of the conditioned waste the National Repository of Radioactive is available and
operated under the responsibility of IFIN-HH. The repository was arranged in an old uranium mine in
the Baita Bihor region.

The new authorisation of the LLW/ILW repository, which was issued in 1999, introduced new
acceptance criteria regarding the activity concentration, and waste characteristics. These criteria are
very similar to the USNRC criteria. These activity concentration criteria are only the starting point.
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After reviewing the treatment and conditioning technology, the criteria will be subsequently
reassessed. At the same time, the isotope inventory will be assessed, in addition to the radiation
protection consequences of the already disposed waste.

Both the Radioactive Waste Treatment Plant and the National Repository for Radioactive Waste were
designed and built according the philosophy of 60's and 70's. In this respect it is necessary to
refurbish the process and control systems, and to amend the operational practices taking into account
ICRP recommendations on dose limits for workers and the public.

3. PLANNED WASTE DISPOSAL FACILITIES

Starting at the end of 1996, the new Romanian nuclear act specifies the responsibility of the utility in
the field of radioactive waste management. It was established that the utility should demonstrate
proper and sufficient financial and technical arrangements to dispose of its waste, as a prerequisite for
licensing the plant operation.

Based on the provisions of Romanian Law and regulations, IAEA recommendations, and international
practice, the Nuclearelectrica Company, as NPP owner and license holder, developed a long-term
strategy for radwaste management. It consists of objectives concerning final disposal of L/IL
radwaste, interim storage of spent fuel and final disposal of spent fuel.

The long-term strategy adopted for fuel cycle waste management is based on the assumptions that
only one power plant with two units will be built in Romania, and the cost for implementation of
long-term strategy will be supported mainly by the NPP.

The owner of NPP will pay the costs of managing and disposing fuel cycle wastes. A special charge
will be levied on nuclear power production and paid to the Nuclear Waste Management and
Decommissioning Fund.

The option of the Nuclearelectrica Company is to build a shallow L/ILW disposal facility according
to multibarrier concept, using as reference design the El Cabril repository in Spain. The near surface
type repository will provide sufficient disposal capacity for all the low and intermediate wastes that
will be generated at Cernavoda NPP and from ICN - Pitesti. In addition, the facility will have the
capacity to treat the compactable wastes, and to condition all solid radwaste including spent ionic
resins in concrete containers prior to disposal.

The preliminary safety assessment report of the facility was submitted to the regulatory body.
CNCAN considered that it was necessary to modify and complete the report with data regarding
liquid organic wastes, the hazardous conventional wastes and wastes which cannot be solidified in
cement. Also, it is necessary to demonstrate that the declared values for radionuclide activities are in
accordance with real waste composition from the Cernavoda NPP operation and decommissioning and
to present or to commit to complete the data collection in hydrogeology, geochemistry and
geomorphology.
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Abstract

The main objective of the study is focused on active surveillance, by periodic measurements of
the radioactivity and the possible migration, during the last 14 years, of the radioactive elements
stored at the Romanian National Repository for Radioactive Waste-Baita, Bihor region. Hence, water,
soil and vegetation samples were collected every three months, from 57 points, chosen in agreement
with the National Commission for Nuclear Activities Control and with the local Public Health
Institutions. After the sample collection, radiometric measurements were made. The main steps of the
study were: the collection of the samples, radiometric measurements, radiochemical analysis of the
uranium and progeny, processing and the interpretation of the obtained data; detection of any gamma
radionuclides using gamma spectrometry; and the processing, interpretation and intercomparison of
the results. Throughout the 14 years of surveillance, it was demonstrated that the National Repository
for Radioactive Waste activity has had no negative impact on the operator staff, environment and
population. Also, no migration of the deposited radionuclides was detected throughout the whole area.

1. INTRODUCTION

The utilization of nuclear techniques and technologies in socio-economic activities, besides
beneficial applications, results in the generation of wastes, which because of toxicity and the
radioactivity level, are included in the radioactive waste category. The potential danger represented by
the radioactive wastes becomes real only if they reach in biosphere. That is why, they been planned
and designated, in the context of resource development facilities, for final disposal as radioactive
waste. Such a facility is The National Repository for Low and Intermediate Radioactive Waste, built
in Baita - Bihor region, in a terminated uranium mine.

The repository is situated in two galleries which intersect: Gallery 50, with entry at 838,9 m
level depth and 885 m in length and Gallery 53 with entry at 837,4 m level depth and 374 m in length.
From a geological point of view, the site is 840 m above sea level and the host rock is crystalline with
a low porosity, good chemical homogeneity and impermeability, maintaining these characteristics
over a considerable horizontal and vertical span. In compliance with the International Atomic Energy
Agency (IAEA) recommendations and with the National Commission for Nuclear Activities Control
(CNCAN) objectives, the protection area surrounding the radioactive waste repositories and the
transport roadways, must be monitored for radiological contamination during the entire working
period of the repository, as well as during the institutional control period (100 - 300 years). Migration
of radionuclides from the radioactive waste repositories can take place in the case of a natural
catastrophe or resulting from water infiltration into the repository. This infiltration can induce
thermal flux from radionuclides in the drums permanently deposited therein, thus causing migration
into the environment. In order to forestall such incidents, it is necessary to establish a methodology
for the constant monitoring for water, soil, vegetation contamination and external gamma irradiation
in the radioactive waste repository areas. This study presents the methodology used by the National
Institute of R&D for Physics and Nuclear Engineering "Horia Hulubei" - Bucharest, Magurele, for
the dynamic surveillance of the Baita Repository area, throughout the 14 years of operation.
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2. EXPERIMENTAL PART

Taking into consideration the fact that most of the deposited radionuclides produce gamma
radiation, methods were developed to identify it; specifically gamma spectrometry. Radiometric
methods were used to determine the influence of the deposited radionuclides in the environment. So,
the main steps and objectives consist of: the collection of the samples, radiometric measurements,
radiochemical analysis of the uranium and progeny, the processing and the interpretation of the
collected; the detection of any gamma radionuclides using gamma spectrometry; the processing,
interpretation and intercomparison of the results. In order to have complete characterization of
repository activity and of the transport pathways, 33 sample collection were established. These points
were approved by the local Sanitation Authority and the National Commission for Nuclear Activities
Control. Since 1996, the Radionuclide Metrology Laboratory from NIPNE-HH has been performing
gamma spectrometry analyses. The Romanian Bureau of Legal Metrology (BRML) authorizes this
laboratory for radioactivity measurements.

3. RESULTS

The radiometric measurements were done in two area of interests: the transport route Stei
Railroad Station - Reception: Expedition Station (RES) - National Repository of Radioactive Waste
(presented in Table I), and within a 50-m radius around the repository. The radiochemical
measurements were done on water, soil and vegetation samples. The annual averages of Ra-226, Th-
232 and U-238 radionuclides concentrations in water in four selected points are presented in Table II
[3]. The gamma spectrometry equipment is composed of a Ge(Li) semiconductor-detector (6%
relative efficiency) [3], a high voltage power supply (FAN 1137), a charge preamplifier (FAN 1141),
a spectrometric amplifier (CANBERRA 2021) and a multichannel analyzer (CANBERRA 8604A).
The detector is surrounded by 5cm thick lead shield. The integral gamma background (50-1700keV) is
set to 5 cps (counts per second). Each sample is placed on top of the detector and measured. The usual
count times are 3600s (for soil) and 5000s (for vegetation and water). The energy and efficiency
calibrations are performed using point standard sources of Eu-I52 [2]. This radionuclide was
preferred because its most important gamma emissions cover a wide range of energy: 121.8 - 1408.0
keV. The calibration procedure takes into account the geometrical characteristics and the density of
each sample.

4. CONCLUSIONS

The comparative study on the data obtained after the radiometric, radiochemical and
spectrometric analysis from 1984 to 1998, indicated no modification of the radiological state of the
area, as a result of the radioactive waste disposal activity. Tritium levels established using liquid
scintillator spectrometry has comparable values with those measured in the previous years. No
migration of the deposited radionuclides was detected. Values of the Cs-137 and Co-60 were well
below the permissible limits. The radiometric measurements of the external gamma irradiation level
and the radiochemical analysis on the water, soil and vegetation samples prove that the repository
activity reveals no additional radiation risk for the population and the environment.
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TABLE I. RESULTS OF THE RADIOMETRIC MEASUREMENTS ON STEI RAILROAD STATION- RECEPTION: EXPEDITION
STATION-NNRW ROUTE. MEDIUM ANNUAL VALUES OF THE DOSE EQUIVALENT FOR 1984-1998 PERIOD.

Nr.
crt.

I.

2.

3.
4.
5.
6.
7.

8.
9.
10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.

Place of measurement

Stei Railway Station-RES
route-Average 1
Stei-intersection bus road

Gym
Bridge
Gateway
Gas Station
Fire Brigade

Lunca - store
Harsesti — bus station
Lunca - nursery
Campani- Baita bridge

- curve stand out
- bus station
- Sighistel

Fanate - bus station

Nucet -
- gallery
- bus station

Entry Baita village
Baita-bus station

Average 2
Baita-Arieseni intersection
Baita Plai Repository
Baita Plai - Molibden

- bus station
- canteen
- barrier
Average 3

EQUIVALENT DOSE ( micro Sv/h)

1984
0.13

0.07

0.08
0.07

0.08
0.07
0.08

0.08
0.08
0.10
0.12
0.12
0.12
0.10
0.10

0.10
0.10
0.10
0.10
0.15
0.09
0.30
0.15
0.30
0.15
0.15
0.80
0.31

1986
0.19

0.07

0.08
0.07
0.08
0.09
0.14

0.07
0.04
0.09
0.13
0.12
0.11
0.09
0.09

0.09
0.11
0.12
0.09
0.10
0.09
0.15
0.28
0.17
0.35
0.16
0.85
0.32

1987
0.15

0.14

0.13
0.14
0.15
0.14
0.14

0.14
0.17
0.15
0.17
0.16
0.14
0.15
0.15

0.20
0.16
0.10
0.18
0.23
0.15
0.24
0.25
0.26
0.70
0.27
0.52
0.37

1988
0.17

0.15

0.10
0.13
0.17
0.14
0.13

0.12
0.15
0.15
0.13
0.15
0.16
0.16
0.13

0.22
0.18
0.12
0.20
0.20
0.14
0.20
0.30
0.22
0.44
0.30
0.42
0.31

1989
-

0.11

0.12
0.10
0.13
0.10
0.12

0.11
0.14
0.14
0.12
0.13
0.14
0.13
0.13

0.13
0.20
0.12
0.13
0.13
0.12
0.15
0.30
0.28
0.40
0.28
0.40
0.30

1990
0.13

0.12

0.08
0.07

0.13
0.10
0.10

0.10
0.10
0.13
0.10
0.13
0.13
0.14
0.12

0.16
0.16
0.12
0.12
0.14
0.11
0.16
0.16
0.25
0.42
0.26
0.30
0.25

1991
-

0.11

0.11
0.10
0.12
0.10
0.10

0.15
4.50
0.25
0.15
0.15
0.12
0.12
0.09

0.17
1.50
0.30
1.50
0.25
0.19
0.19
0.30
0.20
0.30
0.14
0.60
0.28

1992
-

0.22

0.12
0.09
0.25
0.11
0.13

0.16
0.13
0.90
0.11
1.00
0.15
0.13
0.12

0.15
0.19
0.14
0.20
0.15
0.24
0.19
0.42
0.42
0.50
1.00
0.85
0.56

1993
-

0.24

0.12
0.12
0.25
0.11
0.12

0.15
0.12
0.85
0.12
1.10
0.14
0.13
0.12

0.16
0.19
0.12
0.21
0.14
0.23
0.19
0.46
0.48
0.35
2.50
1.25
0.87

1994
-

0.10

0.15
0.10

0.17
0.15
0.16

0.07
0.07
0.07
0.10
0.30
0.12
0.12
0.13

0.12
0.14
0.12
0.14
0.35
0.14
0.21
0.60
0.68
0.52
1.50
1.10
0.76

1995
0.16

0.09

0.08
0.08
0.15
0.09
0.12

0.09
0.13
0.10
0.09
0.15
0.17
0.12
0.25

0.14
0.18
0.10
0.25
0.25
0.13
0.22
0.30
0.42
0.72
0.37
1.02
0.50

1996
0.11

0.12

0.07
0.07

0.13
0.08
0.08

0.10
0.08
0.11
0.08
0.11
0.10
0.11
0.11

0.40
0.13
0.10
0.12
0.24
0.13
0.25
0.22
0.33
0.40
0.28
0.47
0.32

1997
0.16

0.12

0.16
0.08
0.14
0.10
0.10

0.09
0.09
0.11
0.08
0.11
0.10
0.10
0.11

0.11
0.17
0.16
0.12
0.45
0.13
0.14
0.38
0.16
0.48
0.45
0.65
0.37

1998
0.11

0.08

0.08
0.07
0.10
0.10
0.09

0.08
0.10
0.09
0.09
0.10
0.11
0.10
0.09

0.11
0.12
0.09
0.11
0.11
0.09
0.12
0.12
0.15
0.20
0.25
0.60
0.24

ICIM
Measure

-

0.16

0.15
0.17
0.58
0.20
0.14

0.17
0.20
0.20
0.16
0.15
0.19
0.22
0.23

0.21
0.28
0.21
0.22
0.24
0.21
0.24
0.31
0.48

-
0.75
0.70
0.49

84-98
Media
0.14

0.12

0.10
0.09
0.14
0.10
0.11

0.10
0.37
0.25
0.11
0.27
0.12
0.12
0.12

0.16
0.25
0.12
0.15
0.28
0.16
0.19
0.30
0.31
0.42
0.56
0.70
0.41



TABLE II. RESULTS OF THE RADIOCHEMICAL MEASUREMENTS. ANNUAL AVERAGE OF THE RA-226, U-238,
TH-232 NATURAL RADIONUCLIDES CONCENTRATION IN WATER FOR 1986-1998 PERIOD.

MDA = MINIMUM DETECTABLE ACTIVITIES.

-si

YEAR

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

AVERAGE

RADIONUCLIDES CONCENTRATIONS (Bq /1)

Ra- 226
Point 1
0.134
0.088
0.009
0.007
0.055
0.055
0.025
0.038
0.099
0.031
2.275
0.004
MDA
0.235

point 2
0.021
0.073
0.012
0.067
0.104
0.104
0.037
0.035
0.025
0.313
2.275
0.007
MDA
0.256

point 3
0.095
0.014
0.016
0.027
0.088
0.100
0.014
0.028
0.013
0.012
2.150
0.005
MDA
0.213

point 4
0.018
0.012
0.010
0.047
0.094
0.086
0.009
0.042
0.005
0.006
2.550
0.006
MDA
0.240

U-238
point 1
2.475
4.592
4.244
4.122
0.705
0.956
0.936
0.372
0.273
0.245
23.50
MDA
MDA
3.856

point 2
2.366
1.943
1.885
1.887
1.138
0.489
0.722
0.494
0.445
0.218
24.50
MDA
MDA
3.235

point 3
2.787
0.512
1.046
2.076
0.479
0.633
0.892
0.430
0.285
0.096
1.750
MDA
MDA
0.835

point 4
1.273
0.239
1.018
0.283
0.404
0.307
0.583
0.358
0.052
0.052
24.50
MDA
MDA
0.024

Th-232
point 1
0.009
0.036
0.019
0.033
0.111
0.008
0.730
0.032
0.022
0.020

-
MDA
MDA
0.102

point 2
0.009
0.028
0.009
0.028
0.011
0.010
0.016
0.037
0.016
0.037
0.016
0.017
MDA
0.018

point 3
0.014
0.032
0.013
0.024
0.029
0.021
0.016
0.029
0.032
0.015

-
MDA
MDA
0.022

point 4
0.014
0.033
0.010
0.077
0.009
0.008
0.32

0.034
0.015
0.012

-
MDA
MDA
0.024

TABLE III. RESULTS OF THE SPECTROMETRIC MEASUREMENTS WITH LIQUID SCINTILLATORS ON
WATER SAMPLES IN 1986-1998 PERIOD.

YEAR

1986
1987
1988
1989
1990
1991
1992

H - 3 CONCENTRATION (Bq/I)
Point 1
41.282
34.895

186.177
116.855
78.611

104.280
276.120

Point 2
13.120
56.485
29.115
39.383
14.720
14.950
34.980

Point 3
18.755
56.112
30.075
22.520

9.120
8.880
5.060

Point 4
10.080
29.430
41.245
33.442
9.760

10.280
5.480

YEAR

1993
1994
1995
1996
1997
1998

Average

H - 3 CONCENTRATION (Bq/I)
Point 1

168.200
148.150
119.540
258.250

-
225.750

146.522

Point 2
35.280
77.725
72.970
14.675

-
10.900

34.525

Point 3
6.960
7.415
6.850
8.575

-
4.600

15.410

Point 4
7.250
2.945
5.250

16.300
-

4.425
14.657



TABLE IV. RESULTS OF THE SPECTROMETRIC MEASUREMENTS ON SOIL SAMPLES.

RADIONUCLIDE

C o - 6 0

Point

I
2
3
4
5
6
7
8

Radionuclide concentration (Bq/g)

1989

-

-

-
-
-
-

1996

0.021
0.022
0.033
0.017
0.026
0.807
0.018
0.024

1997

MDA
MDA
MDA
MDA
MDA
1.064
MDA
MDA

1998

-
MDA
MDA
MDA
MDA
MDA
MDA
MDA

RADIONUCLIDE

Cs- 137

Point

1
2
3
4
5
6
7
8

Radionuclide concentration (Bq/g)

1989

0.065
0.426
0.564
0.532
0.349
0.459
0.373
0.327

1996

0.341
0.087
0.402
0.173
0.144
0.324
0.017
0.095

1997

0.463
0.224
0.203
0.265
0.185
0.561
0.128
0.165

1998

-
0.154
0.292
0.258
MDA

-
0.120
0.240
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Abstract
In low-level waste disposal, acceptable activity concentration limits are regulated for individual
nuclides and groups of nuclides according to the conditions of each disposal site. Such regulated
limits principally concern total alpha and beta /gamma activity as well as nuclides such as C-14,
Ni-63, and Pu-238 which are long-lived and difficult to measure (hereinafter referred to as
difficult-to-measure nuclides). Before waste packages are transported to the disposal site, the
activities or activity concentrations of the regulated nuclides and groups of nuclides in the waste
packages must be assessed and declared.. A generally applicable theoretical method to determine
these activities is lacking at present. Therefore, to meet this requirement, for NPP waste each
country independently samples actual waste and carries out radiochemical analyses on these
samples. The activity concentrations of difficult-to-measure nuclides are then determined by
statistical correlation of the measured data between difficult-to-measure nuclides and Co-60 and
Cs-137 which are measurable from outside the waste packages (hereinafter referred to as key
nuclides). This method is called " Scaling Factor Method". It is widely adopted as a method for
determining the activity concentrations of the limited nuclides in low-level waste packages from
NPP, and it is also approved by responsible authorities in the respective country. In the past,
each country independently determined scaling factors based on measurements on samples from
the local NPPs. In the first part of this study, the possibility of an international scaling factor
assessment using a database integrating data from different countries was studied by comparing
radiochemical analysis data between Germany, Japan, and the United States. These countries
have accumulated a large number of those nuclide data required to determine scaling factors.
Statistical values such as correlation coefficients change with an accumulation of data. In the
second part of this study, these changes were assessed, and a method was proposed to decide on
the necessary number of samples required to determine scaling factors considering the results of
fluctuation analysis.

1. COMPARISON OF DIFFICULT-TO-MEASURE NUCLIDE DATA BETWEEN
DIFFERENT COUNTRIES

Scaling factors, although empirical in nature, are an essential prerequisite for the determination
of activity concentrations in wastes from NPPs. Up to now, each country has independently
analyzed and assessed scaling factors, but has in general obtained similar results. The present
study firstly investigates the consistency of the scaling factor method by comparing evaluation
results from different countries for comparable conditions with respect to the generation and
transport of the nuclides to be declared. Secondly, the study checks the possibility to enhance the
applicability of the scaling factor method by using a database integrating data from different
countries. If consistency has been demonstrated in the first step, the second may improve the
quality of the activity determination or increase the number of nuclides for which the method is
applicable.
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1.1 Assessment of corrosion product nuclides

One source for the generation of radionuclides in NPPs is the activation of reactor materials and
their corrosion products in the reactor core. Ni-63 is among the activated corrosion product
(CP) nuclides whose concentrations are limited in most low-level waste disposal facilities. To
determine the activity concentrations of these difficult-to-measure nuclides, each country usually
selects the CP nuclide Co-60 as key nuclide and determines the concentration of Co-60 by direct
measurements on waste packages. The activity concentrations of the difficult-to-measure
nuclides are then calculated according to the functional relationship established between the
activity concentration of Co-60 and the difficult-to-measure nuclides such as Ni-63. Main
reactor materials differ depending on the reactor type: carbon steel or stainless steel are
dominating for BWR and Inconel or Incoloy for PWR. As the element composition of these
reactor materials differs, it was considered reasonable for CP nuclides to be differentiated
according to the reactor type. If this is done the differences of the scaling parameters and the
calculated activity concentrations for difficult-to-measure nuclides should be small. Fig.-l shows
a comparison of nuclide data on Ni-63 and Co-60 between different reactor types and between
Germany [1], Japan [2] and the United States [3]. As expected, the nuclide data shows an
appreciable difference between different reactor types, but shows no remarkable difference
between different countries. This demonstrates the consistency of the method applied.
Accordingly, it is considered that CP nuclides can be assessed using cumulated data from
different countries for each reactor type.
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Figure -1 CP nuclide correlation with regard to reactor type and country (Ni-63/Co-60)

1.2. Assessment of fssion product nuclides

Another source for radionuclides in NPP wastes to be declared are the fission products (FP) from
the fission of uranium contamination on the fuel rods and from leaking fuel pins. Sr-90 belongs
to the FP nuclides, whose activities or activity concentrations are limited for most disposal
facilities. Activation products of uranium, mostly alpha emitters, are often treated together with
the FP since they originate from the same source. In assessing these difficult-to-measure
nuclides, most countries select Cs-137 as a key nuclide and determine the activity concentrations
of these difficult-to-measure nuclides in the same manner as in the case of CP nuclides. For FP
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nuclides, the effects of the difference in the reactor type on the scaling factors were in a first
approach assumed to be small because the difference in the fission rates is small. However,
observations from measurements partially contradict this expectation as appreciable differences
between BWR and PWR data for the correlation of Sr-90 to Cs-137 exist. This effect is less
pronounced for the alpha emitters. This behavior is attributed to the fact that different
physicochemical conditions in the reactor primary system induce changes in the ratio between
Cs-137 and Sr-90. Since Cs-137 remains soluble in any chemical environment, while Sr-90 is
observed with varying distributions between the solid and the soluble phase for PWR and BWR
respectively a different ratio of these FP appears in the concentrates. This effect is less
pronounced in agreement with the scaling factors determined for the alpha emitters as they
remain insoluble in both reactor type environments. In conclusion, the behavior of the FP
nuclides can not be derived from their generation ratio alone, but has to take into account their
transport behavior as well. If this is observed the results from the different countries can well be
considered as consistent. However, before combining data from different countries more care
has to be taken in checking comparability of the physicochemical conditions responsible for the
nuclide transport behavior in the primary cooling system and the adjacent auxiliary systems.

2. NUCLIDE DATA NECESSARY FOR THE SCALING FACTOR METHOD AND
DATA ANALYSIS METHODS

2.1. Method for assessing the required number of data

To determine scaling factors (SF) used for activity concentration assessment, each country has
collected a certain amount of data by independently carrying out sampling and radiochemical
analysis. Since the scaling factor approach is an empirical method relying on statistical
evaluations the accuracy of its results largely depends on the number of available measurement
data. However, none of the countries concerned has presently definite conditions on the required
number of analysis data, and this number often becomes a subject of discussion. A method for
assessing the required volume of analysis data to be collected is proposed here.

(1) Basic philosophy on the required number of data:
The required number of data was assessed here by applying the following basic philosophy " The
number of data beyond which statistics show small improvement and investment for obtaining
further data produces no appreciable effect ". This criterion is formulated in a qualitative
manner since it is the responsibility of the competent authority to fix quantitative criteria for the
required number of data. In the following paragraphs, however, a mathematical method is
described, how these quantitative criteria can be derived in a transparent and theoretically based
manner.

(2) Method for assessing the required number of data:
To apply the scaling factor method to the assessment of difficult-to-measure nuclides, it is
required that collected activity data show a correlation between difficult-to-measure nuclides and
key nuclides. The quality of this correlation normally is expressed as a correlation coefficient
describing the degree of dependency between these nuclides. The correlation coefficient changes
with an accumulation of data. The variance of this correlation coefficient expressed by the
confidence limit was examined, and the quantity of accumulated data beyond which the results
observe the above criterion of the basic philosophy was regarded as the required number of data.
Practically, as shown in Fig.-2, nuclide data is picked at random from a database of nuclide data
collected in the past, and statistical data such as the correlation coefficient and the lower limit of
reliability are calculated. This calculation was repeated several tens of times for each data plot,
and the mean value of the correlation coefficient and the minimum value of the lower limit of
reliability were plotted and evaluated. Fig.2 shows the results for a 95% confidence limit taken
as an example.
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samples

(3) Results ofnuclide data assessment:
For pairs of nuclides with a correlation coefficient of 0.80 or so, when the number of data
reaches about 30, the lower limit of the reliability for a 95% confidence level of the correlation
coefficient levels off. It is seen from Fig.-2 that a large change of the statistical parameters
cannot be expected even if further data are added. From this fact, it can be said that when the
correlation coefficient is 0.80, the number of data required determining SF is about 30, though it
is necessary to at least qualitatively judge whether the correlation coefficient levels off. In other
cases, however, the number of data required until statistical data reaches the plateau region
varies depending on the value of the correlation coefficient between nuclides. These results are
collated and the number of data required according to the correlation coefficient is as shown in
Table-I. As can be seen, the number of required data to comply with the above criterion
decreases , if the scatter of the data is low, i.e. the correlation coefficient is high.

Table-1 Required number of data according to the correlation coefficient and based on a 95%
confidence limit

Required
number of

data

Correlation Coefficient

0.6

40

0.7

35

0.8

30

0.9

25

0.95

20

Therefore, if the required number of data shown in Table-I are collected according to the
coefficient of correlation between nuclides, it is considered that the number of data is sufficient
to determine SF. As has been mentioned, there still remains some judgement necessary for a
final decision.

2.2. The basic policy of applying scaling factor methods

The previous consideration have provided a criterion for the application of the scaling factor
method in case sufficient data is available. Since the method is based on empirical evidence the
term "sufficient" has been defined by statistical means. In case the criterion for "sufficient" data
is not met, the available data can still be used for the scaling factor method. However, care has to
be taken for the higher range of fluctuation that may appear for the scaling parameters under
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these conditions if additional data is added to the evaluated database. The method suggested
here takes this into consideration by calculating an upper bound of the SF as long as the criterion
for "sufficient" data is not fulfilled. The method is based on the interval estimation method
which is a statistical analysis technique. It calculates the upper limit of the scatter of the SF for a
given confidence limit. The applied SF assessment equation (geometric mean Eq.-l) shown
below as an example is adopted in the U.S., Spain, and other countries. If correlations can be
observed between difficult-to-measure nuclides and key nuclides and the correlation shows log-
normal distribution as shown in Fig.-l, Eq.-2 will be applied if the number of obtained data is
below the required number of data given in Table-I. The resulting SF has an upper confidence
limit of 95%. When the number of data is above the required number, Equation-1 can be applied
to SF assessment.

When the number of data is above the required number:

SF = !{j(yi/xi x y2/x2x¥¥¥x yn/x« ( Eq. 1)

When the number of data is below the required number:

SFCL = SF + t0.95 S , (Eq. 2)

here ; x Concentration of key nuclide
y Concentration of difficult-to-measure nuclide
s Variance of sample (s2 )
n Number of Sample
10.95 t- distribution, level of significance is 5%

Similar expressions can be derived for other functional relationships applied for the scaling
factor method in other countries. Again, the confidence limit is a parameter the competent
authority or the disposal facility operator has to decide on.
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Abstract

The induced radioactivity of structural and shielding elements of VVER-type reactors
(VVER-440, Unit 2, Armenian NPP) was considered. Taking into account specific reactor
characteristics, the main activation reactions were identified. Results obtained from
calculations of induced radioactivity are presented.

Introduction

The induced radioactivity of structural and shielding elements of VVER-type reactors
is considered taking as an example the VVER-440 reactor (Unit 2, Armenian NPP). In
calculations the following reactor characteristics were taken into account: electric power — 440
MWt; heat power - 1375 MWt; operation time - 30 years; capacity factor - 0.8; the
equivalent diameter of the core - 288 cm; height of the core 244 cm; specific power of the
core 86.5 kWt/1; height of the reactor vessel without the upper block - 1180 cm, and together
with the upper block - 2360 cm; outer diameter at the core level - 384 cm; inner diameter -
356 cm; vessel mass ~ 2171.

The two dimensional (R,Z) design model of the reactor used in the calculations is
given in Fig. 1. Every number of spatial zone on the plot corresponds to a composition of
material or structural element of the reactor. For example: 1- reactor core, 2,5,7- water, 3-
baffle, 4-basket, 6- barrel, 8- vessel stainless steel liner, 10,12,16- air, 11- Thermal isolation,
13,15,17- liner, 14-serpentinit concrete, 18 - Portland concrete, 26 - support truss, 27- filling.

The calculations were carried out by using S6 symmetric quadratures and P3 Legendre
expansion.

Results

The preliminary calculations showed that in case of VVER-type, the main activation
reactions determining the long-lived induced activity of reactors of this type after 2 years of
endurance are:

6Li(n,ot)3H, 40Ca(n,y)41Ca, 44Ca(n,y)45Ca, 54Fe(n,p)54Mn, 54Fe(n,y)S5Fe, 59Co(n,y)60Co,
58Ni(n,y)59Ni, 62Ni(n,y)63Ni, 93Nb(n,y)94Nb, 133Cs(n,y)134Cs, 151Eu(n,y)I52Eu, 153Eu(n,y)154Eu.
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FIG. 2. Radial distribution of the specific activity of activation
products of the reactor WER-440 for the time cooling of 2
year: (a) - for y-emitters; (b) -for not y-emitters.
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Results of the calculations are partially given in Fig. 2. The distribution of specific
activity of the activation products versus radius are given in the horizontal section at the
center of the core.

The analysis of the data obtained on time-spatial distribution of the long-lived induced
activity of materials and structure elements of VVER-440 reactor allow to formulate the
following general regularities in forming the induced activity :

1. . Among the in-vessel elements, the maximum specific activity is observed naturally at
the basket with a baffle which is situated nearer than the other in-vessel elements to the
core with large neutron flux.

2. The nearest surround layers have an effect on spatial distribution of induced activity in
the particular material through their influence on neutron energy-space flux.

3. The contribution of different radionuclides to the total induced activity essentially
changes depending upon the time after reactor shutdown for different equipment and
materials. For the reactor vessel in the first years the maximum activity value is from
the radionuclide 55Fe. Contribution to special activity is at the same time also from
60Co and 63Ni. At times from 30 to 100 years the maximum contribution is from 63Ni.
The schemes of the time dependencies of specific activities in concrete are more
complicated, as a great number and mixture of trace elements play an important part in
forming the induced activity.

4. Using the two dimensional calculations, the total induced activity of some equipment
elements, systems and shielding materials was determined. Total induced activity and
and partial contributions of radionuclides are given in Table 1.
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TABLE 1 THE TOTAL INDUCED ACTIVITY AND PARTIAL CONTRIBUTIONS OF
RADIONUCLIDES FROM DIFFERENT EQUIPMENT ELEMENTS AND REACTOR

VVER-440 SHIELDING MATERIALS FOR TIME ABOUT 2 YEARS AFTER
SHUTDOWN. (BQ)

Reactions

6Li(n,a)3H

40Ca(n,y)41Ca

^Cafn^Ca

54Fe(ri,p)MMn

54Fe(n,y)5iFe

5yCo(n,y)bUCo

58Ni(n,y)59Ni

62Ni(n,y)6JNi

93Nb(n,y)y4Nb

133Cs(n,y)IJ4Cs

151Eu(n,y)152Eu

153Eu(n,y)154Eu

Total activity

The basket

with a baffle

1.06-1015

4.42-1016

2.68-1015

5.58-1013

6.27-1015

2.94-109

7.84-1016

Barrel

4.14-1015

1.36-1016

1.03-1016

1.69-1013

1.89-1O1S

9.05-108

3.00-1016

Vessel

5.10-1013

1.20-1015

1.53-1014

4.03-1010

4.46-1012

1.22-107

1.41-1015

Thermal

isolation

5.06-1011

1.53-1013

1.59-1013

1.78-1010

1.91-1012

1.55-105

3.36-1013

Serpentinit

concrete

5.12-1013

5.93-1010

2.48-1012

3.10-1010

1.75-1013

1.35-1013

3.52-10s

3.99-1010

1.02-106

6.89-1010

1.26-1012

1.95-1011

8.63-1013

183



XA0054241

IAEA-CN-78/45

BOREHOLE DISPOSAL OF SPENT RADIATION SOURCES: 1. PRINCIPLES.

J.J. VAN BLERK
Atomic Energy Corporation of SA, Pretoria, South Africa
M.W. KOZAK
Monitor Scientific LLC, Denver, USA

Abstract

Large numbers of spent radiation sources from the medical and other technical professions exist in
many countries, even countries that do not possess facilities related to the nuclear fuel cycle, that have
to be disposed. This is particularly the case in Africa, South America and some members of the
Russian Federation. Since these sources need to be handled separately from the other types of
radioactive waste, mainly because of their activity to volume ratio, countries (even those with access
to operational repositories) find it difficult to manage and dispose this waste. This has led to the use
of boreholes as disposal units for these spent sources by some members of the Russian Federation and
in South Africa. However, the relatively shallow boreholes used by these countries are not suitable for
the disposal of isotopes with long half-lifes, such as 226Ra and 24IAm. With this in mind the Atomic
Energy Corporation of South Africa initiated the development of the BOSS disposal concept - an
acronym for Borehole disposal Of Spent Sources - as part of an International Atomic Energy Agency
(IAEA) AFRA 1-14 Technical Corporation (TC) project. In this paper, the principles of this disposal
concept, which is still under development, will be discussed.

1. REQUIREMENTS OF THE DISPOSAL CONCEPT

The BOSS disposal concept is intended to provide a solution specifically for the disposal of spent
sources and therefore must take into consideration the size and number of the sources (i.e. the
volume) that needs to be disposed. Several countries world-wide lack a nuclear infrastructure that can
control sophisticated disposal facilities. What they need is a disposal concept that is technically
feasible and economically viable to implement, taking the equipment at their disposal and their
financial situation into consideration. Nevertheless, it is important that the concept should comply
with the safety objectives of radioactive waste management [1]. Particular attention should therefore
be paid to the design of the repository and its operational requirements. For example, it would be
advantageous if waste could be emplaced routinely over the life-span of the repository, that the need
for the active maintenance after site closure could be minimized, and that human intrusion
(purposefully or inadvertently) is difficult.

2. WASTE CHARACTERISTICS

The main aim of the BOSS disposal concept is to provide a solution for the disposal of both short- and
long-life radionuclides, particularly isotopes such as 226Ra and 24IAm. Table I list a typical inventory
of spent sources from a country for which the BOSS disposal concept would be suitable.

3. FEATURES OF THE DISPOSAL CONCEPT

The conceptual repository for the BOSS disposal concept consists of a standard 165 mm diameter
borehole drilled to a depth of 100 m, as shown in Figure 1, with a 150 mm casing. However, wider
and deeper (or shallower) boreholes can be drilled if required, depending on site-specific conditions
and the sources to dispose. Some guidelines for drilling the boreholes are discussed in [2]. The
borehole and screen should be sealed off with a cement plug at the bottom to ensure that the disposal
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volume remains dry during the operational period. The disposal area can also be fenced in to limit
access, and a temporary site office erected if necessary.

The disposal of the waste packages will be limited to the bottom 50 m of the borehole and the rest
backfilled with concrete to close the repository and prevent human intrusion. Cement sludge will be
poured over the waste package after its emplacement as backfill. A casing constructed from radiation
resistant PVC is argued to be the most suitable for the purpose, due to its small mass per unit length
and potential shielding power (especially to neutrons). It follows from the preceding discussion that
the disposal concept is, by definition, a near-surface disposal concept.

TABLE I A TYPICAL INVENTORY OF SPENT SOURCES FOR WHICH THE BOSS
DISPOSAL CONCEPT WOULD BE SUITABLE. (ALL DIMENSIONS REFER TO
THE HEIGHT AND DIAMETER OF A CYLINDER.)

Isotope

. 9 2 ^

60Co
57Co
137Cs

2 4 ! Am

226Ra

238Pu
2 4 1Am/Be

No. of
Sources

22
2
4

11
5

560
9
6
3
1
5

Activity per
Source (GBq)

3.700E+03
3.700E+00
1.850E-04

2.775E+00
5.550E+01
1.850E-04
5.550E-04
3.700E-03
1.110E-04
3.700E+00
1.850E+00

Total Activity
(GBq)

8,140E+04
7,400E+00
7,400E-04

3,053E+01
2.775E+02
l,036E-01
4,995E-03
2,220E-02
3,330E-04
3,700E+00
9,250E+00

Dimensions
(mm)
3x3

3.2x3
-

6x4
6x4

60x5

100x35
70x50
20x50
10x10

Application

Gammagraphy
Level Gauges
Medicine

Gamma densitometers
Well Logging
Smoke Detectors

Calibration
Teaching
Static Electricity Removal
Humidity gauge

Mobile condttioningftransporaaisposal
vehicle

Fenced in Disposal Site
and Buildrng
(Ifrcquiredj

Stratigrjpiiicy
Units ^

4.

FIG. 1. Schematic presentation of the repository area of the BOSS disposal concept.

DESIGN OF THE DISPOSAL WASTE PACKAGES

The nature and construction of the waste packages can play a very significant role in the safety of the
BOSS disposal concept, especially as an engineered barrier, but also to handle and transport the
packages.
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A large proportion of spent sources consists of radium needles. These needles are tubes of platinum,
platinum-iridium, or (more rarely) gold, which contain soluble salts of radium [3]. Since the needles
often tend to leak [4], the IAEA recommended that they be encapsulated, using the techniques
described in [2] and [4]. The capsules recommended for this purpose are tubes with an outside
diameter of 21.23 mm, length of 110 mm and wall thickness of 2.77 mm, constructed from Type 304
stainless steel [4].

The approach followed in developing the BOSS disposal concept was to set a reference waste package
226design. There is little doubt that Ra is the most demanding isotope to provide for in a disposal

concept for spent sources. A waste package suitable for Ra should therefore also be suitable for the
60,other isotopes of importance, such as Co, Cs, and Am. With this in mind, each of the stainless

steel capsules containing the 226Ra needles will be placed in a cementatory waste form within another
Type 304 stainless steel container with outside diameter 114.3 mm, length 250 mm and wall thickness
of 3.04 mm, as illustrated in Figure 2.

22aRa needie

Air space (gap) between needles and capsuie

Stainless Stee! Capsute H o o k for |iftjng a n d h a n d f i n g

Stainless Steel
Container ~~

Stainless Steel
Lid

Stainless Steel
Container Ready

for Disposal

FIG. 2. Various stages in the preparation of waste packages proposed for the
disposal of spent sources in the BOSS disposal concept.

Once the waste package is closed and without any leaks, it is ready for disposal, as depicted in Figure
3. This means that each waste package will be separated from it's neighbour by a cement layer of 750
mm in the borehole. A single package and its backfill will therefore occupy a length of 1 m in the
borehole, so that 50 waste packages can be disposed off in a borehole with the standard dimensions
proposed for the BOSS disposal concept. The inventory and the site characteristics, as derived from
the waste acceptance criteria for the disposal facility will however, determine the exact number.

There are a number of reasons for proposing stainless steel as the container material and cement as
waste form for the reference design in the BOSS disposal concept. Stainless stee! is more resistant to
corrosion than carbon steel and passivated by high-pH conditions. The general corrosion and pitting
corrosion rates are therefore expected to be low, so that the containers do not need a protective
coating. Crack corrosion cannot be excluded, however, particularly in groundwater with a high
chloride content. It is estimated that stainless steel will in general corrode at a rate of 0.3-1.0 um y"1

[5] under the alkalic and anaerobic conditions of a repository [6].

The cement, on the other hand, will act as a barrier, first between the container and aggressive
chemicals (primarily chloride) and then the capsule and the chemicals, thereby reducing the initiation
of corrosion on the capsule. The cement will also provide a physical barrier through which leached
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radium must pass before being released into the geosphere. It may at the same time provide a chemical
buffer, which may limit the release of radium intrinsically [6].

1 000 mm 250 mm

Cement Sack!!!!

PVC ftorefiole casing

304 Stainless steel capsule

Slled with Pt or PMr Needles
as wen as soluble Sa sax

304 Stainless steel container
ISO mm in diameter wim
3.05 rftrrs wall tnickness

1 000 mm

Cement backfill

Cementitious waste form

304 Stainless steel container

Airspace (gap)

NOT TO SCALE

FIG. 3 Schematic depiction of the in situ placement of waste packages
with the BOSS disposal concept.
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Abstract

Assessment of radiation safety of the spent nuclear fuel dry storage cask CASTOR RBMK-
1500 has been performed by means of the computer modelling (computer codes SAS2H and
DORT) and by measurements of the dose rate. The estimated values do not exceed the limited
ones. The measured values are several times smaller than the calculated ones due to the
conservative approach.

The spent nuclear fuel (SNF) of RBMK type reactor was loaded into a metallic dry
storage cask CASTOR RBMK-1500 (produced by company GNB, Germany) for the first
time. The first five casks were taken to the open storage site of Ignalina NPP during May -
August 1999. Each cask is filled with 102 subassemblies of SNF (total mass of SNF in each
cask 61).

TABLE 1. THE ACTIVITIES OF THE MAIN ACTINIDES AND FISSION
PRODUCTS IN THE SNF CASK

Isotope
234U
235U
2 3 6 u2 3 8 u

2 3 7 Np
2 3 KPu
2 3 y Pu
24UPu
2 4 2 Pu

2 4 1 A m
242mAm
242Am
242Cm
243Cm
244Cm

Total

A,Bq
1.29e+ll
3.21E+09
2.96E+10
6.60E+10
3.49E+10
2.32E+14
8.00E+13
7.13E+13
2.04E+11
4.04E+14
1.58E+12
1.58E+12
1.31E+12
1.13E+12
9.53E+13

8.089E+14

Isotope
8 iKr
yuSr

106Ru
1U6Rh
12SSb
134Cs
137Cs

137mBa

144Ce
147Pm
154Eu

A,Bq
4.47E+14
6.40E+15
6.40E+15
9.98E+12
9.98E+12
3.81E+13
1.88E+14
9.60E+15
9.06E+15
1.32E+12
7.02E+14
4.15E+14

3.33E+16
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This work deals with characteristics of the first filled cask, which was taken to the open
storage site on 11 May 1999. The nuclear composition of SNF was estimated by the computer
code SAS2H [1] from a package SCALE 4.3. The following data were taken for estimation:
mixture of fuel unit cell UO2; weight of uranium in assembly 114.5 kg; U isotopic

23 5T 238composition ZJ4U 0.015 %, /J5U 1.8 %, ^8U 98.185 %; fuel pin cell geometry: fuel lattice -
triangular, center-to-center spacing between fuel pins 1.605 cm, outside diameter of fuel rod
1.152 cm, Zr clad outside diameter 1.363 cm, clad inside diameter 1.198 cm; number of fuel-
rods per assembly 18; outside radius of fuel assembly 3.95 cm; moderator mixture water and
graphite; average power of the assembly 2.3 MW; fuel irradiation period of reactor 1000 d;
cooling time of SNF 13 years; weight (kg) of light elements in assembly: Zr 20, Nb 0.4, Fe
0.875, Cr 0.2, Ni 0.11, Co 0.01. It should be noted that resultant fuel burn-up was taken
20 MWd/kg. The calculated activities of the main nuclides in storage cask are presented in
Table 1. Table 2 presents the calculated SNF neutron emission intensity. The SNF y and
neutron source activity and spectrum are calculated by the computer code SAS2H. The results
are presented in Fig. 1 and Fig.2.

TABLE 2. NEUTRON SOURCE IN STORAGE CASK

Neutron production reaction
(a, n) reaction
Spontaneous fission
Total

n/s
1.80E+07
3.39E+08
3.56E+08

0.25 0.65 1.15 1.63

E, MeV

2.43 4.72 13.22

FIG. 1. The SNF neutron source spectrum
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FIG. 2. The SNF /source spectrum

These source data were applied for estimation by computer code DORT [2] of dose rates
on the surface of the cask, in the storage site and outside of the protective wall. Calculations
were fulfilled with assumption of homogeneous contents of cask. The mean density of
homogeneous contents is 2.7 g/cm3. The four chemical elements: U, Zr, Fe and O were taken
for calculations. The thickness of cask wall is 290 mm and the outer radius is 1036 mm. The
cask material density is 7.09 g/cm3. It consists of cast iron with 3.6 % of carbon and other
admixtures: 2 % Si, 0.6 % Mn, 0.01 % S, 0.05 % Mg, 1.3 % Ni. The parameters of concrete
wall: 8 m from cask, thickness 0.6 m, density 1.96 g/cm3, the composition of concrete: 13 %
Ca, 34 % Si, 0.3 % Al, 0.1 % Mg, 51 % O, 0.8 % H.

The dependence of calculated dose rate on cask wall surface upon the height and the
dependence of calculated dose rate on 1.5 m height upon the distance are presented in Fig.3.
and Fig.4.
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FIG. 3. The dependence of calculated dose rate on 1.5 m height upon the distance
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FIG 4. The dependence of calculated dose rate on cask wall surface upon the height

The measured dose rate data near the cask are presented in Table 3.

TABLE 3. THE MEASURED DOSE RATE DATA [3] NEAR THE CASK

y dose rate, )^Sv/h
neutron dose rate, )j.Sv/h

The side surface
85

200

1 meter from the side surface
22
74

The estimated values do not exceed the limited ones. The measured values are several
times smaller than the calculated ones due to the conservative approach.
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Abstract

The safety of RADON type RMI disposal facility has been performed by means of the
computer modelling (computer code DUST-MS) and by measurements of radionuclides
concentrations in the water samples taken from the control wells. It has been shown that only
the concentrations of 3H could exceed the recommended limits.

The RADON type repository of RMI radioactive waste at Mais iagala was built in
1962. Radioactive waste was deposited in it from 1963 to 1988, when the facility was closed.
The disposal facility was built on the top of the sandy hill. The eastern side of the hill ends in
a swampy lowland by a steep slope. The volume of the repository is 200 m3. The dimensions
of the monolithic inforced concrete vault are 5x15x3 m. The bottom of the vault is covered
with bitumen and two layers of ruberoid. The side walls are covered from inside and outside
with cement and sodium aluminate with the thickness of 0.02 m. From outside they were also
covered with two layers of hot bitumen. During the exploitation time the vault was filled with
radioactive waste in a chaotic way and sources were buried together with their biological
shielding. During the burial, radioactive waste was constantly interlayered with concrete.
When the disposal facility was closed in 1988 only three fifths of its volume was filled. Empty
two fifths of the vault was filled with concrete, then with sand, then with the concrete (0.01
m), hot bitumen and the 0.05 m asphalt layer. The vault was closed by concrete blocks which
were covered with bitumen and the 0.05 m thick layer of asphalt. The cap was formed by sand
layer the thickness of which was not less than 1.2 m.

According to the available documentation the radionuclides shown in Table 1 were
buried. Two stainless steel containers were also deposited in the vault (see Table 2).

There were also three sources of ionizing radiation which were buried together with
biological shielding. Their activities on 1998.01.01 were: 60Co - 1.25-1012 Bq, 60Co -
7.57-1010 Bq and 137Cs - 1.81-1O13 Bq. Radionuclides, the half-life of which is less than one
year are not included in the tables because their activity is very low at the moment.
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TABLE 1. RADIONUCLIDES IN THE MAIS IAGALA REPOSITORY,
THEIR ACTIVITIES ON 1998.01.01.

Radionuclide

3H
1 4 C

36C1
60Co
90Sr
137Cs
I52Eu
226Ra
239pu

239Pu neutron source

Half-life, years

12
5.7-103

3.0-105

5.3
29
30
13
1.6-103

2.4-104

Activity, Bq

4.18-1015

8.65-1010

3.47-1010

4.58-1011

6.03-1011

4.32-1013

2.21-1010

Unknown
2.15-1011

6.5-106n/s

TABLE 2: RADIONUCLIDES IN STAINLESS STELL CONTAINERS,
THEIR ACTIVITIES ON 1998.01.01.

Radionuclide

Container 1
60Co
90Sr
I37Cs

Container 2
60Co
90Sr
137Cs
226Ra
Pu-Be neutron source
Pu-Be neutron source

Activity, Bq

5.86-109

1.02-1011

2.53-1010

2.22-109

7.47-108

4.39-1011

8.36-109

6.40-106n/s
12.50-109n/s

The aim of the work was to perform the safety assessment by means of the computer
modelling and to compare it with the results of experimental measurements of the content of
radionuclides in the water samples from the wells drilled in the vicinity of the repository.

It should be noticed that four wells - one on each side - were drilled with the purpose
to control the radiological situation around the repository. The content of radionuclides and
their activities were investigated in the water probes from each well once per quarter. For the
better monitoring of the surrounding area, some additional wells were drilled (Fig.l).

It was known that the level of the ground water was about 5 m and that it had never
been higher than 1.5 m below the repository bottom [1].
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N 5

FIG.L Wells in the vicinity of the repository: A-repository; B-the border of the disposal
facility; C-direction of the groundwater gradient; 1-8-wells.

The safety of the radioactive waste repository could be assessed in different ways. One
of them is the measurement of the radionuclide concentrations in the wells surrounding the
repository. Data of such measurements are presented in Table 3. It is seen that tritium releases
from the repository through the soil into the wells. The highest tritium activity concentration
was measured in well N4. It was also noticed that activity concentration of tritium changed
during the year: the highest activity concentration (the maximum value in Table III) was
measured in winter (the lowest water level in the well) and the lowest - in spring when the
water level was the highest. In the groundwater, other radioisotopes both of the natural (214Pb,
214Bi, 208Tl, 226Ac and 40K) and artificial (137C) origin were also measured. However, their
activity concentrations were very low (comparable with the background) and their changes did
not exceed the experimental errors.

TABLE 3: TRITIUM ACTIVITY CONCENTRATION IN THE WELL WATER
IN 1998-1999.

Well number

1
2
3
4
5
6
7
8

Lowland surface

Tritium activity concentration, Bq • I"1

Maximum value Minimum value

25±3 <2
3.2±0.7 <2
2.910.6 <2

23900+100 5840+50
170110 30+5
1011 3.010.4
<2 <2
6+1 <2

5.710.5 <2
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Another way of the safety assessment is computer modelling. The release of
radionuclides from the repository was evaluated with the help of the computer code DUST-
MS [2]. The nuclide activities used in the assessment are presented in Tables I-II. During
modelling of the release of radionuclides, it was assumed that water penetration increased
from 1% of annual rainwater at the beginning to 100% after 200 years and later. The
geological, geomorphological and hydrological data were presented in the work [1]. The
release rates of some radionuclides are shown in Fig.2.

Modelling data have showed that 3H is the only radionuclide the concentrations of
which could cause doses exceeding the recommended by ICRP, to individuals of the public by
ingestion of water from the reference well situated near the repository. This exceeded
concentration could be reached in the direction of the ground water flow in 40 - 100 years
after closing of the repository at the distances less than 1000 m from it.
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FIG. 2. Release of some radioisotopes from the repository.
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Abstract

Radioactive waste generated at Ignalina NPP is stored in above ground assembled-monolith
concrete buildings. The institutional waste till 1989 was damped into Maisiagala repository. All these
storage/disposal facilities for solid and solidified waste are still not licensed. A few projects were
initiated for long term safety assessment of these facilities. The results of these studies are described
in this paper.

1. INTRODUCTION

There are two sites for solid radioactive waste storage/disposal in Lithuania - storage facilities at
the territory of Ignalina Nuclear Power Plant (INPP) and a repository for Low Level Waste (LLW) at
Maisiagala. The vast majority of the radioactive waste in Lithuania is produced by INPP - about
1300 m3 of solid and 500-800 m3 of solidified radioactive waste per year. The reminder arises from
small producers such as hospitals, industry and research centers — about 1-2 m3 of solid waste per
year. Prior to 1989 waste from hospitals, industry and research centers was deposed of in the
repository at Maisiagala, which is 30 km outside Vilnius, capital of Lithuania. In 1989 this repository
was closed and conserved. At present all waste produced by INPP as well as the waste from small
producers is stored in the storage facilities at INPP. Solid radioactive waste generated during the
plant operation is collected at the primary waste collection places and segregated into different groups
depending on dose rate (LLW, Intermediate Level Waste (ILW), High Level Waste (HLW)) and
composition (combustible, incombustible). Waste is loaded into appropriate containers and
transported to storage facilities. In 1995-1996 the low-pressure compactor for combustible LLW was
commissioned and enabled to reduce the waste volume of above mentioned waste group up to five-six
times. The radioactive liquids arising during operation of INPP are treated (using evaporation and
bitumenization) converting the process residues to the solid state - bitumen compound. The bitumen
compound is dumped into the canyons of the bitumen compound storage facility. All these
storage/disposal facilities for solid and solidified waste are still not licensed. A few projects under
leadership of SKB (Swedish Nuclear Fuel and Waste Management Co) and with participation of
Kemakta (Sweden), LEI (Lithuanian Energy Institute) and other organizations were initiated for long
term safety assessment of these facilities. Results of the studies are presented below.

2. RESULTS OF THE SAFETY ASSESSMENT OF SOLID RADIOACTIVE WASTE STORAGE
FACILITIES AT IGNALINA NPP

The complex for interim storage of solid radioactive waste consists of four above ground
assembled-monolith concrete buildings, namely 155, 155/1, 157 and 157/1. At present buildings 155
and 155/1 are filled up with LLW and closed. Compartments designed for LLW and ILW of building
157 are also filled up. Only the compartments for HLW of building 157 are in use. The building 157/1
is an operating facility for LLW and ILW storage. Schematic drawing of the building's 157 LLW and
ILW sections is presented in Fig. 1. Data required for the safety assessment were collected [1] and
safety review was performed [2]. Safety review was performed for "zero alternative" - what would
happen if no further measures are taken to modify the existing facility. Based on the evaluation
alternatives for improving the situation have been defined and assessed.
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FIG. 1. Schematic drawing ofLLW and ILW sections of the building 157

Assessment of the storage facilities 155, 155/1, 157 and 157/1 structures has shown that they
were not designed to contain the radioactive waste stored in these buildings for the long term. In the
release calculations it was assumed that the buildings are degraded in such a way that water penetrates
into the building through a leaking roof and there are sufficiently large fractures in the bottom slab of
the buildings for the water to flow out from the buildings. This assumption implies that no water
remains in the building. It was also assumed that the activity of the waste is homogeneously
distributed in the building. Entering water during its passage will contact a fraction of the stored
waste and nuclides are released from the waste to the water but for the main part of the water the
nuclides must to diffuse a certain distance before reaching the water bearing paths. Lake Druksiai (the
INPP cooling water supply capacity) was accepted as a sole recipient for the leakage water. Also a
case has been modelled with a well as recipient for all the released nuclides if the surveillance fails
and the location of the repository is forgotten. It appears that the amount of critical nuclide 137Cs is
sufficiently large, so the release of radioactivity to lake Drater. The concept based on a "surface
barrier scenario" in a form of a multi-layer earth-cover seal covering the existing buildings was also
analyzed. The conclusion was made that this is also not safe disposal option because the waste
includes large quantities of compressible materials. As a result there would be a risk, even after
stabilization of the waste by injecting concrete grout, that settlements would lead to cracks and
penetrations in the protective earth cover. As a result of this safety review the waste retrieval concept
was suggested. An advantage of the retrieval concept is also that it will provide for more accurate
measurements of the inventory activity.

3. RESULTS OF THE SAFETY ASSESSMENT OF BITUMENIZED RADIOACTIVE WASTE
STORAGE FACILITY AT IGNALINA NPP

The bitumenized radioactive waste storage facility is an above ground two story assembled-
monolith concrete building, namely 158. The building consist of 12 inside steel coated canyons for
bitumen compound storage. Data required were collected [1] and preliminary long-term safety
assessment (safety review) was performed [3]. Safety review was performed for "zero alternative" -
what would happen if no further measures are taken to modify the existing facility, and for possible
alternative "surface barrier scenario" - to provide the existing facility with an earth cover. For the last
scenario "spring flooding" sub-scenario and human intrusion scenarios (home construction scenario,
residential scenario and road construction scenario) were also analyzed. Retrieval option has been
qualitatively discussed. It was assumed that the activity of the waste was homogeneously distributed
between the building and the fact that different sections contain different amount of activity was not
considered.
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For the "zero alternative" it was assumed that the walls of one or several sections of building
would fall apart and the bitumen compound would flow out on the ground around the building. The
water was diffusing into the bitumen matrix and was absorbed by salt particles that are swelling.
Finally open pores were formed that were filled with water. The conclusion was made that "zero
alternative" is not a safe disposal option. For "surface barrier scenario" the surface barrier is
constructed above the building. In addition, the space on top of the bitumen matrix is back-filled with
pure bitumen. Limited water penetrating the earth cover does not flow through the bitumen
compound, but flows down along the outer walls of the structure. The nuclides diffusing through the
walls are carried away with the water flowing at the outside. For "surface barrier scenario" a "spring
flooding" sub-scenario was also analyzed. When the fractures are completely filled with water, the
nuclides in the unsaturated pores of the bitumen matrix are transferred to the water in the fractures.
Later, when the groundwater level decreases, the nuclides are transported through the fractures and
are released to the surroundings. The analysis of "surface barrier scenario" led to the conclusion that
this radioactive waste facility could be converted into disposal facility but further more detailed
analysis is necessary.

4. RESULTS OF THE SAFETY ASSESSMENT OF MAISIAGALA INSTITUTIONAL
RADIOACTIVE WASTE DISPOSAL FACILITY

The Maisiagala site for burying radioactive waste was build according to a typical project for
RADON type facility. A monolith concrete vault was mounted in a dugout pit of sandy hill with
internal dimensions 5.0x15.0x3.0 (height) m and the overall volume of 200 mJ, see Fig. 2.
Radioactive waste from hospitals, industry and research centers was buried between 1963 and 1988
and filled up to 70% of projected repository volume.

. Sand coyer, 1200 mm

Asphalt, 30 mm

! 2 layers of bitumen

I Monolithic concrete biock, 300 mm

i Monolithic concrete, 100 mm U

; Hydroisolation from bitumen
i Concrete iayer, 200 mm

15000

FIG. 2. Schematic drawing of the Maisiagala repository

Most of the waste was dumped in loose form, also there are two stainless steel containers with
ionizing radiation sources and some high-activity gamma sources with their biological shielding. The
vast majority of total activity is due to 3H and after decade it still remains the most important (98% of
total activity). There are also some significant amounts of long-lived nuclides such as 14C, 36C1 and
long-lived alpha emitters as 226Ra and 239Pu. Data were collected [1] and nuclide migration from
Maisiagala repository by groundwater pathway was analyzed [4] using DUST and GWSCREEN
computing codes (codes were provided by IAEA). The maximum distance from the repository, where
nuclides concentration in the groundwater can exceed acceptable limit, were established [5]. Vertical
nuclide distribution in the unsaturated zone was also analyzed. Well-sorbed nuclides, such as 137Cs,
226Ra and 239Pu can reach ground surface by diffusion. According to the adopted scenario, nuclides
concentration on the ground surface are insignificant, but 226Ra and 239Pu concentration in the
unsaturated zone below the repository due to the good sorption and long half-life can remain
dangerous even after institutional control period (300 - 500 years) [5].
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The possibility to reduce the nuclides migration by arranging additional water-protection clay cap
on the top of repository was also analyzed. It was concluded, that reduction of water infiltration could
significantly affect the concentration of 3H in ground water [4]. More detailed safety assessment can
be made using time-prolonged ground water monitoring data. It was proposed to establish additional
permanent set of ground water monitoring wells. The data obtained should be used for more exact
safety-assessment evaluation and support the decision for the future perspective of repository. The
SKB's safety assessment study [6] has also performed the preliminary assessment of the long-term
safety of the existing repository in Maisiagala. The assessment was based on certain theoretical
scenarios of water ingress, mobilization of nuclides from waste matrix and transport of the water
containing nuclides through the vault's slab to the environment. The influence of aeration zone
(possible absorption and decay of nuclides) was not taken into consideration. Radiation doses to
humans were then calculated based on intake via well from some hypothetical reservoir. Also it was
pointed out, that the nuclide concentration of 239Pu is about one order of magnitude higher than
currently used criteria for alpha-concentration in shallow land disposal. The analysis led to conclusion
that there are two technically feasible solutions - to use the repository as a final disposal (in that case
a multi-layer earth barrier would be installed additionally) or the waste should be retrieved, packed
and disposed according to internationally accepted methods.

5. CONCLUSIONS

(a) Results of the long-term safety assessment of the storage/disposal facilities in Lithuania have
demonstrated that most of them do not meet the international requirements. It seems that facility
for bitumenized waste could be converted into disposal facility but further more detailed studies
are necessary.

(b) As a first stage for the future actions it was decided to perform safety assessment of these
facilities as interim storage facilities and to grant the operational license if the regulatory
requirements are met. Such projects for IgnalinaNPP facilities are in the progress now.

(c) The both conceptions for Maisiagala repository (design of multi-layer earth barrier or waste
retrieval) are technically feasible. The retrieval option could be preferred choice since it will
allow a fully modern disposal of the waste at a moderate cost.
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Abstract

Naturally Occurring Radioactive Material (NORM) contains radium and thorium and such
materials arise from the petroleum extraction industries. The safe handling of these NORM in
Egypt implies identification of the responsibilities of both the producer of the NORM and the
Central Radioactive Management Authority. In Egypt, this authority is the Hot Laboratory and
Waste Management Centre (HLWMC). In the regulations NORM is classified into categories
1 and 2 according to their radiation level. The responsibilities of the producer include waste
collection, packaging of category 1 and interim storage of category 2. The responsibilities of
the HLWMC include transportation and long term storage of category 1. The responsibilities
of the Regulatory Body and the licensing conditions are identified.

1. INTRODUCTION

Radioactive wastes resulting from petroleum extraction represent at the same time
both a fact and a problem. A fact because their presence is dominant in most of the sites, and a
problem because the presence of long lived radionuclides in these wastes may result in a
considerable hazard to man and the environment. Dealing with these wastes requires
developing both the required technologies and the relevant regulations to determine the
responsibilities and identify the safety requirements for the handling of such wastes. This
paper elucidates the main features of the proposed Regulations in Egypt. In these Regulations,
the radiation protection principles of the IAEA Safety Series No. 115 will be applied.

2. RESPONSIBILITIES OF THE WASTE PRODUCER

These include:
Waste collection,
Packaging of the category containing high concentrations of radionuclides, and
Storage of the other category than contains lower concentrations.

2.1 Waste Collection:

The wastes are classified into two categories; Category 1 where the Ra-226
concentration is equal to or higher than 60 Bq/g (dose rate about 6.0 microsievert/hr), and
Category 2 with Ra-226 concentration lower than 60 Bq/gm The two categories are collected
separately. The collection place shall be away from the other activities in the site. The place
shall be provided with radiation monitoring systems. Radiation protection principles shall be
applied. Contaminated equipment and pipes of surface dose rate higher than 0.5
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microsievert/hr should be collected separately awaiting for the decision either be
decontaminated or considered as wastes. The collecting place shall be in the downwind of the
other surrounding activities. Also, it should be easily accessed. Periodic radiation monitoring
in the surrounding areas shall be performed.

2.2 Packaging of Category 1

This is carried out for wastes of Category 1 and for pipes and equipment that cannot be
decontaminated. Collected wastes are packaged in metallic containers of 200 1 capacity lined
with thick plastic bags. The metallic containers should be painted against corrosion on the
internal surface and the external surface should be painted with a characterising colour. Each
Producer should have a certain colour. After filling and sealing the container, the outside
surface is checked for contamination (limit is 0.04 Bq/cm2). Decontamination is carried out if
necessary. The container is labelled with a radiation sign and a card is fixed on the surface.
This card should contain the following information: the company producing the wastes and
its site, the packaging date, the dose rate at the surface, and at 1 meter, and the container
number. The radiation protection principles are applied in the packaging, the cutting and the
decontamination. The workers should be provided with the protective clothes, masks and
personal dosimeters. This should be performed under the supervision of the Atomic Energy
Authority. The products of the decontamination should be collected and treated as radioactive
wastes. It is recommended, in case of lack of experience, to ask help from the Atomic Energy
Authority.

2.3 Interim Storage of the Packaged Wastes (Category 1 )

An interim storage place shall be prepared for the packaged wastes. The store shall be
of sufficient capacity and provided with a radiation monitoring system. The storage area shall
be fenced and completely covered. The floor shall be of reinforced concrete. An area should
be left between the stored wastes and the fence to keep the dose rate at the fence within the
permissible value. A suitable area shall be present for loading and unloading. Access is
limited only for authorised persons, and a physical protection system should be implemented.
Radioactive wastes are only accepted in the store and with complete information. The
workers shall follow radiation protection principles and they should be provided with personal
dosimeters. Before delivery to the Atomic Energy Authority, a copy of the information about
the packages to be delivered should be sent to the Authority. Fax or E-mail can facilitate this
process, the producer should keep the original. This process shall be licensed by the National
Centre for Nuclear Safety and Radiation Control (NCNSRC ).

2.4 Safe Keeping (Storage) of Category 2

The storage site shall be at an appropriate distance from the other activities. It shall be
downwind of these activities and it shall be fenced. Storage can be carried out in concrete
pools of wall thickness 25 cm (reinforced concrete). After filling the pools they shall be
covered with corrugated steel covers. The design shall be in such a way that the rainwater is
directed outside the pools. This process shall be licensed from the National Centre of Nuclear
Safety and Radiation Control. The licensing process shall include siting, design, operation and
surveillance.
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3. RESPONSIBILITIES OF THE HOT LABORATORIES AND WASTE
MANAGEMENT CENTER

The responsibilities of the Hot Laboratories and Waste Management Center of the
Atomic Energy Authority include: transportation, and long term safe storage. The centre
carries out also treatment processes according to the available technology.

3.1 Transportation

The packaged wastes of Category 1 are transported to the site of HLWMC. The
decision on disposal will be taken later according to the available technology. This is carried
out according to the IAEA safety series No.6. Local circumstances are considered either for
the operation or to the driver qualification. This process shall be licensed from the NCNSRC

3.2 Long Term Safe Storage of Radwastes

This is performed in special stores sited and designed according to special criteria.
The store shall be of sufficient capacity to accommodate the quantities expected to be
produced. The store should be provided with physical protection and a radiation monitoring
system. The dose rate outside the store shall not exceed 10 microsiever/hr. A database should
be implemented to keep all the information about the stored waste. Redundant record keeping
methods are necessary to avoid loss of the information. The store and the storage operation
shall be licensed by the NCNSRC.

4. RESPONSIBILITIES OF NCNSRC

The national centre for nuclear safety and radiation control (NCNSRC), Atomic
Energy Authority, is the regulatory body in Egypt. It is responsible for the safety of persons,
society and the facilities from the radiological point of view. Its responsibilities include:

1. Preparation of regulations, criteria identification, preparation of guides and responding
to enquiries.

2. Issuing the licences required for the different processes relevant to NORM
(Decontamination, interim storage for packaged wastes, safe storage for un-packaged
wastes, transportation and long term storage at the site of the Hot Laboratories Centre).
This requires reviewing the licensing applications, documents and ensuring the
adequacy of the information with the safety requirements.

3. Inspection and control of all the previous processes.
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Abstract

The SPA project, addressing performance assessment of spent fuel disposal, is a direct
continuation of the efforts made by the European Community since 1982 to build a common
understanding of the methods applicable to performance assessment of a deep geological disposal.
It enabled to draw preliminary conclusions on the respective importance of the radionuclides
present in the different types of waste, on the influence of some of the main assumptions used in
the modelling and helped to specify the expectable role of disposal system components. From
1996 to 1999, six national research institutions in six member countries of EU (Spain, Germany,
France, The Netherlands, Belgium and Finland) were involved in this project devoted to the case
of spent fuel. This paper only addresses the assessments made by IPSN (France) for the granite
site in the case of the normal evolution scenario. According to the results obtained, the maximum
effective dose is in a first time mainly caused by two fission products (I29I and 79Se). Then,
radionuclides from radioactive decay chains (226Ra, 230Th and 229Th) progressively become the
main contributors.

1. STARTING ASSUMPTIONS FOR THE ASSESSMENTS

Devoted to spent fuel wastes, SPA [1] is a follow-up of the PAGIS [2], PACOMA [3] and
EVEREST [4] projects which dealt with the disposal of intermediate long live wastes and high
level vitrified wastes. Performance assessments undertaken within the SPA project are only
methodological exercises. Though they were defined in relative agreement with the national
contexts, they do not intend to precisely reflect the technical option prevailing on projects actually
developed in each country. This starting assumptions comprise the definition of the amount and
nature of the wastes to be disposed of, the characteristics of the site and the characteristics of the
different engineered barriers.

1.1 Amounts and characteristics of waste

The assumption of a 50 years period of national production is taken as a reference. Over this 50
years period, fuel cycle management is assumed to be based on a partial reprocessing of unloaded
UOX fuel assemblies for the production of MOX fuels. Thus, out of 60,000 tHM of fuel unloaded
over the 50 years period, 15,000 tHM of UOX fuels and 5,000 tHM of MOX fuels are disposed of,
a complementary amount of 40,000 tHM of UOX fuels being reprocessed to produce MOX fuels.

1.2 Site

For the purpose of the project, IPSN based its assessments on the hypothetical granitic site defined
within the framework of EVEREST [4]. The chosen host rock is a granite massif intrusive in
schistose formations. It reaches an average height of 320 m and outcrops over an area of
approximately 300 km2. With regard to structural geology, several fracturing zones divided into
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roughly parallel swarms are identified. Repository location is chosen in a zone of weak hydraulic
gradients, as far as possible from potential outlets and identified faults.

1.3 Repository design

In the IPSN assessment, the repository is assumed to be excavated at a depth of about 500 m and
consists of 91 parallel disposal galleries. In each gallery, 160 containers are emplaced
horizontally. According to the dimensions of the containers, a minimal section of the gallery of
about 15 m2 is needed for handling. The voids between the container and the host rock are filled
with swelling clay (smectite). Based on thermal calculations a distance of 10 m between
containers and a distance of 25 m between two adjacent galleries are adopted as a plausible
configuration for the repository for a cooling time of 50 years. The corresponding total horizontal
area is of 3.7 km2 (1,600 m x 2,300 m).

1.4 Scenarios assessed

Reference case was based on the failure of every container after 1,000 years of perfect tightness,
on the progressive release of the waste activity congruently with waste-form degradation, on its
transfer in liquid phase first through the clay-based engineered barrier and the excavation
damaged zone (the "Near-Field"), then through geosphere (the "Far-Field"), on the arrival of
contaminated water in the biosphere and finally on the use of the water for drinking and irrigation.
During the whole duration of this scenario, host rock (with the exception of a zone immediately
surrounding the excavation) was assumed to remain unaltered. In addition to the previous
reference scenario, two altered evolution scenarios were considered. The first one assumed the
exploitation of a deep well, the other scenario the failure of access shaft sealing. In the first case,
the drilling of a deep pumping well in a fractured area in the vicinity of the repository was
envisaged. In the second case, the assumed bad efficiency of seals was considered to result in
increased hydraulic conductivities in an access shaft.

Modelling description and results proposed in the following only relate to the case of normal
evolution.

2. MODELLING AND DATA

2.1 Radiological inventory

On the basis of a preliminary screening, a total number of more than 30 radionuclides were
selected and taken into account in the calculations performed by IPSN. Table 1 and table 2 give
the initial inventories for the most important ones.

2.2 Source-term

A common source term model was defined and used by the different participants in the SPA
project. According to this model, three different parts were distinguished in the waste form from
the point of view of release behaviour. These parts were namely:

• the UO2 matrix of the fuel pellets,
• the gaps between the fuel pellets and the cladding,
• the claddings and the other structural parts of the fuel assemblies.

The UO2 matrix was assumed to regulate activity releases to very low rates over the long-term
whereas the part of activity inventory located in the gaps was considered to be instantaneously
released after container failure. Structural parts had an intermediate behaviour.

• The activity accumulated at the grain boundaries of the UO2 matrix was identified as possibly
constituting a fourth distinct part. In the framework of the SPA project, it was considered to
be instantaneously released and therefore merged with the activity in gaps.
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In the common source-term model, structural parts and fuel claddings were considered to degrade
continuously over a period of 1,000 years and fuel matrix to be continuously leached in 106 years.
These progressive degradations were supposed to be accompanied by congruent releases of the
corresponding activity. An alternative source term model based on UO2 matrix degradation
related to cc-radiolysis was also studied.

23 Transport modelling

In IPSN performance assessment the groundwater flow as well as near-field and far-field transport
calculations were carried out with one single model using the code MELODIE. Thanks to the
porous medium approach used to describe the granite, the same processes were assumed to be at
play in every part of the system and the same system of equations was thus solved for both Near-
Field and Far-Field. Near-Field (composed of the disposal galleries along with the clay-based
material that filled them and the excavation damaged zone) and Far-Field (the host rock with the
main fracturing zones) were all explicitly represented in a same 3-D mesh using local refinements.

2.4 Biosphere

Transfer in the biosphere was dealt with through the application of biosphere conversion factors to
geosphere modelling outputs. These coefficients provided the annual dose rates (Sv.year"1)
resulting from an activity concentration of 1 Bq.m'3 in the water used by a member of the
hypothetical critical group. They were derived from appropriate biosphere modelling on the basis
of the definition of the characteristics of the critical group and of the transfer parameters values.
Selection of pathways and choice of parameter values were made according to a cautious
approach that relied on the consideration of relatively high level of self-subsistence for water and
food.

3. RESULTS AND DISCUSSION

The maximum effective dose obtained by IPSN in the case of the river outlets was in the order of
10"6 Sv.year"1 and occurred some 105 years after repository closure (figure 1). From the time of
arrival of the radioactive plume into the biosphere (after about 104 years) up to 105 years, the
effective dose was mainly caused by 129I and 79Se, the other fission products contributing only
moderately to the total effective dose. After 105 years, radioactive decay chains radionuclides
became progressively the main contributors to the total effective dose, the most important ones
being 226Ra,230Th and 229Th.

Because of its long half-live, high solubility and low sorption, I29I was found to play a major role
in the total radiological impact. With respect to 129I, disposal system turned to be "transparent":
after a transient phase, activity flux at the interface geosphere-biosphere reaches an equilibrium
state. The performance of the system then appeared to be limited to the efficient smoothing of
instantaneous release. The 129I dose relates therefore to the release wastes of 129I from the fuel
matrix and to the overall dilution provided by geosphere and possibly by surface water. 226Ra and
230Th (daughters of 234U in "4N+2" decay chain) were found to dominate the dose after some
105 years.

Sorption processes and the way they are modelled are responsible for the differences found in the
transfer time of transuranic elements between the different partners of the project. The difference
is partly due to discrepancies in sorption coefficients (Kd) values but also and mainly to
differences in modelling. In IPSN model, sorption is related to ion-exchange with clay minerals
and only part of the rock mass is accordingly involved in sorption. Consideration of matrix
diffusion in the modelling approaches were found to be of great importance with regard to
retardation of transport.
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TABLE 1: REFERENCE RADIOLOGICAL INVENTORIES IN THE FUEL
MATRIX FOR A SELECTION OF RADIONUCLIDES.

SN
I4C

36C1

79Se

"Tc
107Pd
129,

135Cs
234U
235U
2 3 ^

237Np

Half-live[years]

5.73-103

3.00-10'

6.40-104

2.13-10'

6.50-106

1.57-107

2.30-106

2.45-10'

7.04-108

2.34-107

4.47-109

2.14-106

Inventory fSqJMH'1]

2.59-1010

2.63-109

1.60-1010

6.80-10"

6.00-109

1.53-109

2.05-1010

1.71-1010

5.42-108

1.15-1010

1.15-1010

1.69-1010

TABLE 2: REFERENCE RADIOLOGICAL INVENTORIES IN THE METAL
PARTS FOR A SELECTION OF RADIONUCLIDES.

RN
I4C

36Cj

99Tc

Half-live/years]

5.73-103

3.00-10'

2.13-10'

Inventory [Bq.tMEt1]

2.29-108

1.1710s

1.4310 s
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t \Effective annual dose fSv.year'']
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F/G. 7. Annual dose results for IPSN normal evolution scenario (river outlet).
(4N: 236U -> 232Th; 4N+1:233U -> 229Th -> 225Ra; 4N+2: 238U ^ 234U -9 230Th -> 226Ra; 4N+3: 235U -* 231Pa)

207



XA0054247

IAEA-CN-78/51

DERIVATION OF QUANTITATIVE ACCEPTANCE CRITERIA FOR DISPOSAL OF
RADIOACTIVE WASTE TO NEAR SURFACE FACILITIES: REVIEW AND
IMPLEMENTATION OF AN APPROACH FOR THE OPERATIONAL PHASE

C. TORRES1, L. GAGNER2 ,R. LITTLE3

'international Atomic Energy Agency, Waste Safety Section, Division of Radiation and Waste Safety,
Room B-0713, PO Box 100, Wagramerstrasse 5, A-1400 Vienna, Austria

2Agence Nationale pour la gestion des Dechets Radioactifs, 1-7 rue Jean Monnet,
Chatenay-Malabry Cedex, France

3QuantiSci Limited, Chiltern House, 45 Station Road, Henley-on-Thames, Oxon, RG9 1 AT,
United Kingdom

Abstract

The International Atomic Energy Agency has developed an approach to derive quantitative waste
acceptance criteria for near surface disposal of radioactive waste. This approach has been successfully
used to derive activity limits with regards to post-closure safety assessment. In a second step it has
been recognised as necessary to take into account operational safety considerations and to study how
this approach could be used for the derivation of operational safety acceptance criteria. The paper
presents the work currently being undertaken for the operational phase, following the step by step
approach already developed for the post-closure phase, with particular emphasis on the assessment
context, system description and the selection of scenarios.

1. INTRODUCTION

In April 1998, the International Atomic Energy Agency (IAEA) held a Technical Committee Meeting
to review a project begun in April 1997 concerning the derivation of quantitative waste acceptance
criteria for near surface disposal. One of the main key necessities identified was to extend the scope
of the approach already existing for post-closure to operational safety considerations. Indeed, in order
to develop a integrated approach that allows the derivation of relevant acceptance criteria for all
surface disposal facility phases it is necessary to take into account normal and abnormal operations
which could lead to exposure affecting both the public and workers. Work has been undertaken since
November 1998 in order to deal with the operational safety issues. The paper outlines this work. The
approach developed for post-closure safety is detailed in [1] and summarised in [2]. This paper
follows the different steps mentioned in [1] and [2] and focusses in particular on the key aspects of
the assessment context, system description, and the development and justification of scenarios. The
scope of the paper is limited to the activity limits, and, for this illustrative exercise, the radiological
consequences of pre-disposal waste management and of on-site conditioning of waste are excluded.

2. APPROACH

The applicability of the approach already developed for the post-closure assessment to the operational
safety was reviewed in [3]. Although certain details such as the nature of the assessment context and
scenarios would have to be modified accordingly, it was concluded that the overall approach could be
used. Hence the key components of the approach for operational safety remain:
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• the specification of the assessment context;
• the description of the disposal system;
• the development and justification of scenarios;
• the formulation and implementation of models; and
• the calculation and derivation of example values.
•

3. • ASSESSMENT CONTEXT

3.1. Calculational end points

As noticed in [1, 2], in contrast with most safety assessments, in this study the calculational end point
is the waste activity and the measures of impact on humans and/or the environment are the starting
point.

3.2. Radiological protection criteria

In order to calculate the default values, it is necessary to specify the radiological protection criteria of
interest. In light of recommendations given by [4] and [5], annual individual effective doses to a
worker and a member of the public are used as the primary measures of impact. Occupational
exposure of a worker shall be controlled so that the following limits are not exceeded: an effective
dose of 20 mSv y*1 averaged over 5 consecutive years; and an effective dose of 50 mSv in any single
year. For the member of the public, a dose limit of 1 mSv.y"1 is used, with an effective dose of up to
5 mSv in a single year being used in special circumstances, provided that the average dose over 5
consecutive years does not exceed 1 mSv.y"1. It should be recognised that doses are an indicator of the
impact that might arise from exposure to radionuclides [6, 7]. Calculated doses should not be seen as
predictions of future impacts. Furthermore, constraints can be applied to these values but, for the
purpose of the calculations in this study, no constraints are applied.

3.3. Timeframes

When undertaking an operational safety assessment for the disposal of radioactive waste to a near
surface disposal facility, the key timescale of interest is the duration of the operational phase. This
duration will vary from facility to facility, depending upon the volume and rate of waste disposals and
the capacity of the site. For the purpose of illustration, an operational phase of 50 years is considered
in this study.

4. DISPOSAL SYSTEM

4.1. Waste characteristics

Radioactive wastes can be classified according to their source. Two major categories have been
identified: nuclear fuel cycle wastes; and non-nuclear fuel cycle wastes. Consideration of sealed
sources is specifically excluded from this study, although it could be addressed in future studies.

The waste can be disposed in unconditioned (i.e. raw waste) or conditioned form. Different types of
conditioning can be used depending upon the nature of the waste and the disposal facility.
Conditioning can be undertaken at the disposal facility or off-site. The nature of the waste
conditioning for the example assessment is described in Section 4.2.

A range of operational safety assessments of near surface disposals has been undertaken (for example
[8, 9, 10]). Through consideration of the results of these assessments, it is possible to identify key
radionuclides disposed, which are commonly identified as being of greatest interest over the
timescales of concern (Table 1). It is recognised that, for any specific disposal facility, the list of
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radionuclides of interest will depend upon factors such as the source and nature o f the was te streams,
the disposal system characteristics and the duration of the operational phase . Never the less the list
provided in Table 1 is considered to provide a relatively complete list of d isposed radionuclides of
common interest.

T A B L E 1. DISPOSED R A D I O N U C L I D E S C O M M O N L Y C O N S I D E R E D IN O P E R A T I O N A L
SAFETY A S S E S S M E N T S OF N E A R SURFACE D I S P O S A L FACILITIES

10Be 93Zr 137Cs 2 3 2Th
14C 9 4Nb ]44Ce 2 3 4U
22Na " T c I 47Pm 235U
41Ca 106Ru 151Sm 2 3 8U
54Mn n O m Ag 152Eu 2 3 7Np
55Fe . I54Eu 2 3 8Pu
59Ni !21mSn 204Tl 2 3 9Pu

60Co I26Sn 226Ra 2 4 1Pu
65Zn 129I 228Ra 2 4 1Am

4.2. Disposal system characteristics and associated operational practices

Consistent with [1, 2], two disposal facilities and associated operational practices are considered
which represent the opposite ends of the spectrum.

At one end, there is the minimally engineered facility (trench) which is excavated into the ground, and
is operated by loose tipping, unconditioned waste and covering it with a soil cover. Infiltrating rain
water is collected by a drainage system which discharges to a local water body. Unconditioned waste
is driven by lorry to the tipping face of the trench and it is then tipped into the trench from the back of
the lorry. As each load of waste is tipped, the tipping face moves towards the end of the trench by this
tumble tipping process. Large items, such as decommissioned plant, are lowered into the trench by
mobile crane. At the end of each day, the upper surface of waste is covered by uncontaminated
soil/fill material, a geotextile layer, stones and finally ashes/small aggregate in order to ensure a stable
and contamination free interface between the waste and the tipping vehicles. It is assumed that the
tipping face remains uncovered because of the practical difficulties in achieving a uniform thickness
of cover, and the associated problem of wasted disposal volume.

At the other end of the spectrum, there is the heavily engineered facility (vault) which is excavated
into the ground and lined with concrete. Any infiltrating rain water is collected by a drainage system
and monitored for activity prior to release to a local water body. Conditioned waste in waste packages
(metallic drums and concrete containers) are driven by truck into the vault. The waste is assumed to
be grouted into the drums and concrete containers at an off site facility. For the purposes of filling, the
vault is divided into four sub-vaults by internal concrete walls. The truck stops in the sub-vault
adjacent to the one currently accepting waste packages. The driver is protected from direct irradiation
by the thickness of the concrete wall between the adjacent sub-vaults. A crane operator is situated in a
cabin directly above the sub-vault in which the truck is unloaded. Each waste package is picked up
from the truck by the crane and lowered remotely into the disposal sub-vault. The crane operator is
protected from direct irradiation by the concrete wall separating the sub-vaults. The waste packages
are disposed layer by layer, each layer is immobilised in grout, which is pumped into the vault. Once
the vault has been filled, concrete shielding is poured on top of the vault. Before the building is
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moved to the next vault of the line, a cover as set up above the closure slab to protect it from
rainwater until it is covered with a temporary cap.

5. DEVELOPMENT AND JUSTIFICATION OF SCENARIOS

Following the technique used in [1] and [2] (as applicable for operational safety), the following steps
have been performed:

• defining the main elements to be considered in the assessment (i.e.the disposal facility
components, and operational conditions);

• defining the states of the components of the disposal system and operational conditions (i.e. the
nature of the waste, location of wastes and operational conditions);

• constructing the state combinations; and
• checking the scenarios generated and grouping them into main categories.

5.1. States of the system components

The first component of the disposal system is composed of the wastes. They can be mixed or not
mixed with a matrix (e.g. grouted), placed or not placed in containers. Their possible states are given
below:

• Completely conditioned off site. They could be heterogeneous or homogeneous solid wastes
incorporated in inorganic or organic matrix and conditioned in concrete containers or metal
drums. Their containment is designed to minimise the release of radionuclides by water and air.

• Partly conditioned on or off site, but necessiting a complementary treatment on site before their
final disposal. They could be drums to be compacted or boxes to be grouted. Because of the
treatment necessary on site, they present a risk of releasing radionuclides in the case of an
incident before their disposal.

• Unconditioned wastes for direct disposal. They are raw solid wastes that do not provide any
containment barrier against leaching or release by air.

For the illustrative case of the study, the partly conditioned wastes for the waste states is not
applicable since the waste are assumed to arrive conditioned for disposal in the vaults and
unconditioned for disposal in the trenches (Section 4.2).

The second component of the disposal system, the states of which are discretised, is constituted by the
location where the wastes are situated. It depends on the nature of the disposal site and the different
actions carried out on the wastes and the way they are received, handled, processed, stored, and
finally disposed. By the specificity of the activities carried out inside this location, the states of this
component affects the potential release by leaching and by air as well as the direct radiation. Possible
locations are listed below:

• The operating buildings, which could be: the compacting building, the grouting building, the
setting building, the temporary store, etc... .The specific operational activities in those building
generate specific risks.

• The disposal unit, which could be a vault or a trench. The way the disposal unit is operated is of
great importance for the safety.

• In transit can be considered as a third state because specific risks can be associated with the
transport of the wastes around the facility.

For the illustrative case of this study, the operating buildings for the location states is not applicable
since no such buildings are considered in the example. Furthermore, the in transit location is also not

211



applicable since the focus of the current study is on the assessment of impacts arising from the
disposal of waste rather than its transport around the disposal facility.

In addition to issues related to the design and construction, the short-term safety of a facility also
depends on aspects of the operation of the site such as procedures, controls and monitoring. Hence,
the system description must provide enough information and allow the distinction of the various
possible states of the operational conditions:

• in normal operation conditions, the operation of the facility complies with what is expected by
adequate design, construction, procedures, controls, monitoring, that ensure adequate
performance levels of equipment and personnel;

• in abnomal operation conditions, failure to meet performance objectives could result from non
respect of waste specifications, equipment failure, operating error, or also from events and
processes generated outside the facility (natural and human).

5.2. List of selected scenarios

Having defined the main assessment components with their different states for the current study, it is
possible to combine them, to obtain four combinations with associated scenarios. These scenarios
have been discussed and screened in order to provide the following limited set of scenarios that need
to be taken into account:

• gas release for conditioned wastes in a vault in abnormal condition;
• dropping and crushing of a waste package to be disposed into a vault during unloading;
• direct irradiation for unconditioned waste in a trench in normal conditions;
• liquid release in leachate from unconditioned waste in a trench in normal conditions;
• solid release in dust from unconditioned waste in a trench in normal conditions before the

covering of the waste;
• gas release for unconditioned wastes in a trench in normal conditions;
• fire in the unconditioned waste tipped into a trench before covering;
• direct irradiation and ingestion for unconditioned waste in a trench in abnormal conditions.

6. CONCLUSION

The illustrative study undertaken has shown that the same approach as used for the post-closure phase
is relevent and applicable for deriving example waste acceptance criteria for the operational phase.
The application of the approach has already allowed the specification of the assessment context; the
description of the disposal system; and the development and justification of scenarios.Model
formulation and implementation, and calculations are being undertaken now and will allow the
derivation of example operational safety values by the begining of the year 2000. The approach and
associated example values for the operational phase will then be integrated with those for the post-
closure phase. It is planned that a third phase will then begin incorporating into the analysis other
safety-relevant qualitative and quantitative acceptance criteria.
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Abstract

The nuclear research reactor IRT-2000 is described, along with modifications and upgrades
made over the past three decades. Considerations are outlined which followed a decision to
shut-down the reactor and to dismantle it.

About 50 years has passed since the appearance of the first research nuclear reactors.
Most of the first generation reactors have exhausted their operating life and should be
dismantled. But nuclear reactor dismantling is a very complex process, full-scale realization of
which generates a lot of problems mainly connected with radioactive waste, solution of which
is apparently beyond many countries strength.

The construction of the Research Nuclear Reactor IRT-2000 of the Institute of Physics
began in early 1957 and was completed in August 1959. Physical start-up of the reactor was
done in October 1959 and its regular operation began since 1960 at various power levels up to
the designed power 2000 kW. IRT-2000 type nuclear reactor, designed in the Soviet Union,
pertains to the group of light water pool-type reactors in which the usual (light) water is used
as a moderator and a reflector of neutrons and as a coolant and a part of biological shielding of
the reactor. Such type nuclear reactors were built also in Russia (Moscow, Tomsk,
Sverdlovsk), Byelorussia (Minsk) and Latvia (Riga) as well. Besides IRT-2000 type research
nuclear reactors were constructed in Bulgaria (1961), China (1962), North Korea (1965) and
Iraq (1967) [1,2]. The pool of the reactor IRT-2000 is a tank made of 6mm thick aluminum
alloy sheets surrounded by 1.8 m thick biological shielding of reinforced concrete which has
different densities in different parts of construction. The height of the pool is 7.6 m, the length
- 4.5 m, the width 1.9 m and the whole volume - about 60 m3. The following units of the
reactor are located on the bottom of the pool under six-meter water layer: the reactor core,
ejection pump and pipelines of the primary circuit of cooling system, 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
for outlet of neutron beams to the experimental installations. The pool of the reactor is filled
with distilled water up to the height of 7.2 m and is covered with the lid of organic glass.
Reactor is also equipped with vertical experimental channels for irradiation of samples in the
vicinity and within of the core (see Fig.l). At the reactor power of 2000 kW the maximum
flux of thermal neutrons measured in the center of the core was 2.5-1013 n/cm2-sec, in the
water reflector of the core - 5-10 2 n/cm2<sec, and at the outlet of the horizontal experimental
channels - 5-108-M09 n/cm2-sec.
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In 1967-1968 the research nuclear reactor IRT-2000 was subjected to the First large-
scale Reconstruction that was connected with the necessity of the reactor power increase
(about two times) and broadening the possibilities of performing experiments mainly within
the reactor core. The reconstructed reactor named IRT-M (M-modernized) exploited mainly
at the power of 4 MW and operated reliably till 1973. In the same year the reactor was
subjected to the Second large-scale Reconstruction, the main aim of which was:

i) change of the aluminum tank of the reactor by a tank of stainless steel (as the most
corrosion protective material);

ii) installation of new internal tank equipment (a body of the reactor core, initial parts of
horizontal experimental channels, ejection pump, hold-up tank etc.), also made of
stainless steel;

iii) further increase of the reactor power to 8000 kW using new IRT-2M assemblies and
modernizing the cooling system with the use of new circular pumps of increased power
and use of new aluminum heat exchangers with increased heat exchange surfaces.

In the middle of September 1973 the reactor with the new stainless steel tank and
internal tank equipment, cooling system and systems of regulation, emergency protection and
dosimeter monitoring, and using new IRT-2M type fuel assemblies was put in operation.
From October of the same year the reactor was put in regular operation at a power levels up to
8000 kW and basically at a power of 4000-5000 kW. Operation of the nuclear reactor with the
new stainless steel tank and internal tank equipment continued to the end of December 1987,
i.e. for 15 years.

In January 1988 the USSR State Regulatory Body terminated the operation of the
nuclear reactor in order to implement a number of measures to improve its safety. Among
these measures the most important and governing was a program of a technical examination of
the surface state 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, the staff of which consisted of the specialists of the leading
scientific research and design organizations, carried out the technical examination in
September 1988.

Comparing the data of rigidity calculations made according to the technical
specifications of the Institute of Physics at the Moscow Research and Development Institute
of Power Engineering with the data of the real operating age, neutron flux and energy
generation by the reactor of 15 years of its operation, the conclusion was made that the
remaining recommended life-time for its operation up to 5000 kW power is not more than 1.7
year.

During 27 years (1960-1987) of exploitation the nuclear reactor of the Institute of
Physics was in operation more than 70,000 hours; more than 6,000 MW-days heat energy was
produced which corresponds to consumption of nuclear fuel Uranium-235 in amount of
7.5 kg. 201 fuel assemblies of various types were used in which the total content of Uranium-
235 was about 30 kg. During 1984-1991, 196 units of spent fuel assemblies were shipped to
the Russian reprocessing plant in Chelyabinsk. In April 1998 the remaining part of spent fuel
assemblies (5 pieces) were removed and transported to the reprocessing facility by USA.

215



By March 1990 the reactor was ready to resume regular operations. However taking into
account the limited life-time of the reactor (not more than 1.7 year) on the one hand, and the
increasingly extreme negative attitude of a certain part of the population of Georgia
(especially after the Chernobyl NPP accident) requiring immediate shutdown of the reactor on
the other hand, the Presidium of the Georgian Academy of Sciences passed the resolution to
shut down the reactor and to dismantle it.

In accordance with the resolution of the Presidium of the Georgian Academy of
Sciences the Institute of Physics has developed the program to shutdown the reactor and to
decommission it. In selecting a decommissioning option to be optimal for Georgia, the
following constrains and criteria need to be taken into consideration:

i) there is no disposal facility in Georgia to accept the highly radioactive waste to be
generated during the reactor dismantling;

ii) there is no equipment or experienced staff to carry out full dismantling of the reactor;
iii) the dismantling costs would be very high, while the allocated funds are limited;
(iv) with the removal of all fuel from the nuclear reactor site in 1998, it is considered to be

"nuclear safe " today and the main aim now is to make it "radiological safe ".

Naturally, under the conditions of present Georgia most advantageous and reasonable is
conversion of the nuclear reactor into such intermediate state which does not demand special
control and supervision, guarantees its radiation safety even in extreme situation and gives
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 (the reactor core, ejection
pump, pipelines of the primary circuit of cooling system, initial parts of horizontal
experimental channels, part of the hold-up tank, see Fig. 2) and also concreting of all highly
radioactive wastes being at the reactor in places of there storage (dry channels in the
biological shielding (see Fig. 1, position 4) and special underground storage), the total mass of
which is about 6,000 kg with radioactivity ~2-1013 Bq.

Besides, at realization of the given version the real possibility of the useful application
of the rest part of the tank (about 35 m ) arises. Quite intensive source of neutrons, for
instance, a critical assembly or low power nuclear facility can be designed in it (see Fig. 3).
Based on such sources a certain circle of investigations with the use of Neutron Activation
Analysis and Radionuclide Diagnostic can be organized for solution of tasks of applied
character. It is also possible on the same basis to organize a trainer for education process and
training of specialists on the field of reactor physics and atomic energetic.

Summarizing the above, it follows that the option of decommissioning of nuclear reactor IRT-
M suggested by the Institute of Physics is:

i) Radiation safe, ecologically clean and seismic stable;
ii) Comparably 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;
iv) Not connected with large financial and material expenditures;
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v) The possibility to give a new function to the reactor by installing a low power nuclear
facility into the radiation-free part of the reactor tank for the purpose of Neutron
Activation Analysis and Radionuclide Diagnostic;

vi) The possibility to use a new low power nuclear facility for attracting and training the
young generation of specialists in the field of reactor physics and nuclear technology.

At present the Institute of Physics and Institute of Building Mechanics and Seismic
Stability of the Georgian Academy of Sciences are conducting final development of a
technological plan for concreting by the method of ascendant flow of cement identifying a list
of necessary equipment and materials as well as schedules and graphics of work execution. In
accordance with the accepted plan, the work on preparing the reactor tank for concreting is
intended to be carried out in second half of 1999, but the realization of the technological
process of concreting - in the first half of 2000. The Government of Georgia and IAEA
(Project GEO/4002/) supports all this program.
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Fig. 1. View of the Nuclear Reactor tank IRT-M

1 - Pressure pipeline of the primary circuit with ejection
pump. 2 - Vertical channels of emergency protection and
control roads. 3 - Hold-up tank. 4 - Dry channels for storing
radioactive samples and waste. 5 - Engines of control,
automatic and emergency protection roads. 6 - Slide valve
of horizontal experimental channel. 7 - Vertical
experimental channel. 8 - Reactor core. 9 - Horizontal
experimental channel. 10-Heat screen of biological
shielding.

Fig. 2. The tank of the Nuclear Reactor after concreting.

1 - Concreted lower part (about 20 m ) of the reactor tank.
2 - Free part (about 35 m3) of the reactor tank. 3 - Reactor
biological shielding.

Fig. 3. Upper part of the reactor tank with new low
power nuclear facility in it (in perspective).
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Abstract

The Department of Atomic Energy in India as part of its programme to harness the nuclear
energy for generation of nuclear power has been operating a whole range of nuclear fuel cycle
facilities including waste management plants for more than four decades. The waste management
plants include three high level waste immobilisation plants, one in operation, one under
commissioning and one more under construction. Atomic Energy Regulatory Board is mandated to
review and authorise from the safety angle the siting, the design, the construction and the operation of
the waste management plants. The regulatory procedures, which involve multi-tier review adopted for
ensuring the safety of these facilities, are described in this paper.

1. INTRODUCTION

The main steps in the nuclear fuel cycle comprise of mining, milling, fuel fabrication, reactor
operation, fuel reprocessing and waste management operations. All these operations involve handling
of hazardous radioactive materials in variety of forms and of different radioactive inventories and
result in the generation of radioactive wastes. When Atomic Energy Act of 1962 was formulated to
provide the development, control and use of atomic energy, considerable attention was given to
radiation safety aspects. This act has enabled framing of following rules related to radiation safety of
all installations in the country handling radioactive materials or radiation generating equipment,
which include the nuclear waste management facilities of the Department of Atomic Energy.

1. Radiation Protection Rules, 1971
2. Atomic Energy (working of Mines, Minerals and Handling of Prescribed Substances) Rules,

1984.
3. Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987

The Atomic Energy Regulatory Board (AERB) was constituted in 1983 by the Government of
India with a mandate to carry out certain regulatory and safety functions under the Atomic Energy
Act, 1962. AERB consists of a Chairman and four members appointed by Government of India. With
respect to DAE installations, AERB has the following major functions and responsibilities:

i) Develop Safety Codes, Guides, Standards and Manuals for siting, design, construction,
commissioning, operation and decommissioning of different types of plants of DAE.

ii) Review of the safety aspects of DAE projects/ plants and issue authorisation/ licences for
siting, construction, commissioning, operation and decommissioning of the plants

iii) Ensure compliance of safety codes, standards etc. by DAE plants

Industrial safety aspects of all DAE installations are covered by Atomic Energy Factory
Rules, 1996.
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2. AUTHORISATION PROCESS FOR DAENUCLEAR INSTALLATIONS

For major nuclear installations such as nuclear power plants, reprocessing plants, waste
management plants etc., AERB issues authorisations at different stages. The regulatory authorisation
process followed for a typical nuclear waste management facility is described here. The major stages
of the authorisation process for nuclear waste management facility are siting, construction,
commissioning (at different stages). Authorisation at each stage is preceded by a detailed review of all
safety aspects of the proposal. In general, the safety review process is carried out at three different
levels. In the first level the project is reviewed by Site Evaluation Committee (SEC), Project Design
Safety Committee (PDSC) and Civil Engineering Safety Committee (CESC). The recommendations
of these committees are reviewed at the next level of scrutiny through an Advisory Committee for
Project Safety Review (ACPSR). AERB has constituted two ACPSRs for nuclear power plants, one
for heavy water plants, one for fuel reprocessing plants and one for nuclear waste management plants.
These committees are composed of experts not only from DAE and AERB but also from other
governmental agencies and reputed academic institutions.

ACPSR after, its own assessment makes recommendations to AERB which is the statutory
authorising agency. The Board can delegate its powers to Chairman, AERB for issue of authorisation
for certain project activities. However, all important authorisation stages such as siting, construction,
commissioning, first approach to criticaliry and first power generation stage in the case of reactors
and first handling of radioactive material in the case of other plants are reviewed by the board. AERB
while issuing the authorisation for a specific activity may stipulate the requirements and conditions
governing the performance of the activity and where appropriate specifies a time limit for the validity
of the authorisation.

2.1 Siting

The main objective of the review before issue of authorisation for siting is to ensure that the
applicant will be able to construct and operate the nuclear facilities safely and to provide protection of
the workers and the members of public against radiological impact resulting from releases of
radionuclides during normal operations of the plant as well as under accidental conditions.

In evaluating the suitability of a site for locating a nuclear facility, the following major
aspects are considered:

i) Effect of external events (nature and man induced) on the plant
ii) Effect of plant on environment and population and
iii) Implementation of emergency procedures in the public domain

. Sites for nuclear facilities plants shall be examined with respect to the frequency and the
severity of external events and phenomena, natural and man made, that could affect the safety of the
plant. All those events having significant radiological risk should be considered and their design bases
determined. The radiological risks associated with external events should not exceed the range of
radiological risks associated with the accidents of internal origin. For an external event, design basis
should ensure that structures, systems and components important to safety in relation to that event will
maintain their integrity and will not suffer loss of function during or after the design basis event.

While considering the natural events, it is important to collect the historical records of the
occurrences and severity of the important natural phenomena for the region. The data collected shall
be carefully analyzed for reliability, accuracy and completeness.
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For each site, the potential radiological impact on people in the region during operational
states and accident conditions shall be assessed. Consideration should be given to possible
radiological consequences in the event of locating in the same site, other fuel cycle facilities like fuel
fabrication, fuel reprocessing etc. Low population density in the region will help in achieving
reduced population dose. It shall be ensured that effective implementation of emergency counter
measures in case of an accident will be possible.

Every nuclear installation is required to submit a Site Evaluation Report to AERB. This report
is reviewed by a Site Evaluation Committee constituted by AERB. ACPSR examines the findings of
the Site Evaluation Committee and recommends to AERB for issue of regulatory consent to siting of
the project with conditions and stipulations required if any.

2.2 Construction

Like in siting, a three tier regulatory review is carried out for grant of authorisation of
construction. The applicant is required to submit a Preliminary Safety Analysis Report (PSAR) in a
prescribed format, a quality assurance program and a construction schedule along with the application
for authorisation of construction. First tier review of the application for permission to construct the
plant is conducted by Civil Engineering Safety Review Committee, constituted by AERB. Some of the
important aspects of the project that are reviewed by this committee include the following:

• Geotechnical investigation data and foundation parameter
• Design basis ground motion
• Plant layout and surface drainage
• Engineering of site against natural and man made hazards
• Construction methodology
•

The second tier review is by ACPSR and the third tier review is by AERB before the issue of
authorisation.

2.3 Commissioning

Commissioning is the process by which plant components and systems are made operational
and verified to be in accordance with design specifications. The commissioning should also
demonstrate that the plant could be operated in safe manner through integrated testing of the plant
system. For grant of authorization for commissioning, the plant is required to submit a PSAR, Quality
Assurance program documents. In addition the plant should also submit a list of all tests, related
activities in their sequence, results expected, acceptance criteria and their relevance to the proposed
operational limits and conditions if any. First tier review of the application for issue of authorization
for commissioning is carried out by the Project Design Safety Committee. The second and third level
reviews are carried out by ACPSR and AERB respectively, before the grant of authorization for
commissioning.

2.4 Operations

For comprehensive review of safety status and enforcement of safety regulations during the
operational phase of nuclear installations, a three-tier review structure has been put in place by
AERB. At the plant level, a plant operation review committee reviews all operations and maintenance
activities in the plant with potentials for safety problems. This committee reviews all unusual
occurrences, deviations from Technical Specifications, modifications in the plant and changes in plant
procedures.

Next higher-level review committee is the unit level safety committee. The reports from the
plant operation review committee and the health physics unit at the plant provide the input for unit
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level safety review committee, which in turn reports to Safety Review Committee for Operating Plants
(SARCOP) of AERB. Chairman, SARCOP is an AERB official and an ex-officio member of the
Board of AERB. Unit level safety committees are constituted by Chairman SARCOP and have in their
membership experts from AERB. Apart from the report from unit level safety committee, SARCOP
receives as inputs for its review, periodic reports from AERB's Directorate of Regulatory Inspection
and Enforcement (DRI&E) and Quarterly reports of Health Physics units. SARCOP is empowered to
impose restrictions or suspension of operation of the facility under intimation to DAE.
Recommencement of operation after suspension following serious violations of safety norms or
serious incidents will be permitted only after detailed review and approval by the regulatory board.

Other regulatory requirements to be complied with during the operational stage of nuclear
plants include:

- licensing of operating personnel at various levels through committees constituted by
SARCOP

- issue of authorization for disposal of radioactive wastes
- maintenance of emergency preparedness
- compliance with requirements of Atomic Energy Factory Rules

2.5 Decommissioning

Though decommissioning of nuclear facilities is not a problem of immediate concern in DAE,
recognizing the importance of this activity, AERB has issued a Safety Manual on Decommissioning
of Nuclear Facilities. The manual provides the regulatory framework of safety within which the
decommissioning of an operating nuclear facility can be carried out at the end of its service life. It
provides information on decommissioning, acceptance criteria and their bases, health physics
considerations, waste management aspects, quality assurance practices and documentation
requirements. It also includes an outline of design provisions to be made to facilitate
decommissioning and recommends an organizational structure for the decommissioning activities.

3. CONCLUDING REMARKS

Atomic Energy Regulatory Board has been mandated to review, enforce standards and
authorize from safety angle, siting, design, construction, commissioning, operation and
decommissioning of nuclear installations. Since its inception in 1983, AERB has published 82 safety
documents like codes, guides, standards and manuals that provide regulatory guidance to the plant
authorities. AERB over the years has put in place a sound regulatory framework and mechanism
which permit the Department of Atomic Energy to construct and operate the nuclear power plants
and associated fuel cycle facilities without undue risk to the operating personnel and members of the
public.
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Abstract

The Swedish regulations on radiation protection in connection with spent fuel and nuclear waste
disposal concern protection of human health and the environment. The reasoning behind the
regulations is in observance with the Rio declaration, in the sense that they take into consideration
sustainable development also in continued presence of multiple sources of radioactive effluents.
Optimisation and best available technique are used as methods for risk reduction. For human health, a
risk concept is used, whereas for environmental protection, focus is set on protection of biological
resources and diversity. Compliance with the health and environmental goals is discussed using
generic definition of the environment. The hypothetical outflow from a repository takes place in the
different compartments and the resulting spread in doses are discussed and compared to the
requirements of the individual dose standard, and other environmental effects are assessed.

1. INTRODUCTION

The Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management [1] include the requirement that "the design and construction of a spent fuel
management facility (radioactive waste management facility) provide for suitable measures to limit
possible radiological impacts on individuals, society and the environment, including those from
discharges or uncontrolled releases" (articles 7 and 14 of the Convention).

This requirement sets focus on the radiation protection criteria, and on compliance with such criteria
and standards. In this paper, generic radiation protection standards developed by the Swedish
Radiation Protection Institute for repositories for spent fuel and nuclear waste are discussed.
Furthermore, an account is made on compliance, bearing in mind that the authorities must advise on
this process as well as be in possession of scientifically based assessment methodologies and
rationales, in order to be prepared to accept or reject proposals.

2. SUSTAINABILITY AND RADIATION PROTECTION IN THE REGULATIONS

The 'Swedish Radiation Protection Institute's Regulations Concerning Protection of Human Health
and the Environment in connection with the Final Management of Spent Nuclear Fuel and Nuclear
Waste' [2] build on ICRP radiation protection principles [3,4], other international recommendations
and opinions [5,6], as well as on the Joint Convention itself [1].
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However, in the regulations, the SSI also seeks to couple the question of final management of spent
fuel and radioactive waste to the concept of sustainability, which now is the underlying principle for
work related to environmental protection in Sweden [7,8].

The requirement regarding sustainable development [9] means that scope must be left for other energy
sources in the future. If an energy source which is used in, e.g., fifty years' time can restrict the scope
of accepted harmful effects of energy production for thousands of years, it follows that the source
must be regulated by very stringent requirements, i.e. that the impact from the repository must be in
balance with the time that the energy source is used. The impact which thus occurs can be visualised
using a hypothetical case of a large number of centres for risk impact (such as new waste repositories)
scattered over the surface of a country, in this case Sweden. To comply with the Convention, the
standard must make allowance for future use of resources. This is achieved by the assumption that in
a certain region, there were 10 repositories, each with an inventory corresponding to that which is
currently expected in the case of the Swedish repository. In this case, hypothetical outflows from the
various repositories could overlap with each other and result in a greater impact on the population of
the region. Other forms of future energy production can also, in the same way, result in a greater
impact.

In order to take into account the interaction between various future risk sources, of which the
repository is one, SSI requires that the risk from the repository for individuals who are representative
for an exposed group must be lower than the risk which applies to the critical group at nuclear
facilities in operation. Thus, SSI has decided to specify, in the existing regulations, that the annual
risk for harmful effects (all cancer and hereditary effects) as a result of the repository must not exceed
10"6 (corresponding to an annual expected dose of about 15 uSv).

In the case of environmental protection, SSI has not defined quantitative standards. SSI considers that
scientific information at this stage is sufficient, given a certain safety margin to account for
uncertainties and variations between species and ecosystems (i.e the precautionary principle), but
there is no 'system' currently in use for environmental radiation protection that assists in setting dose
standards for non-human biota. The Rio documents emphasise protection of biological diversity and
biological resources as parts of the sustainability concept. The Swedish Regulations [2] state that the
final management of spent nuclear fuel or nuclear waste shall not, in radiological terms, be
detrimental to biodiversity or the sustainable use of biological resources

3. OPTIMISATION AND BEST AVAILABLE TECHNIQUE AS METHODS TO ACHIEVE
RADIATION PROTECTION GOALS

Within certain areas, SSI wishes to issue general requirements regarding the quality of work relating
to technical solutions and designs. To this aim, SSI has decided to adopt the concept of best available
technique (BAT). This refers to techniques that have been tried and tested in accordance with
accepted scientific methods, but may also mean techniques which are considered to have development
potential with an economic input which is reasonable in relation to the benefit to be gained from the
development.

Optimisation assumes an object whose protection can be placed in relation to the cost of the work, i.e.
that an exposed group of people can be identified and that the effects can be quantified so that the
benefits of the protection measures can be converted into costs. An optimisation cannot be carried out
as simply when the benefit from protection cannot be quantified, e.g. in connection with a release, the
probability of which is difficult to define, or whose consequences affect the environment in a way that
cannot be quantified using the collective dose. On the other hand, the best available technique can be
used to achieve a generally high level in the work involving environmental and health protection
which.is considered to be valuable to society without being able to quantify the value in greater detail.

224



The difficulties of predicting the development of society in a long-term perspective are another major
obstacle to optimisation with respect to final management. It is not possible to predict what the
biosphere will look like within ten or one hundred thousand years. Our lack of knowledge makes it
impossible to achieve an optimisation of a repository (or an optimisation of any other type of
radioactive waste management) for these time periods. At the same time it is possible to use, as a
general premise, the assumption that a minor release under all conditions is better than a major
release, even if the society which is affected is unknown. For this reason, a reasonable requirement for
a repository should be that the barrier system must be as robust as possible.

4. COMPLIANCE

For releases in a remote future, only hypothetical individuals can come into question for calculations.
The hypothetical group cannot be replaced by an existing group of people whose living habits can be
described and for whom both measurements and calculations can be carried out. When calculating a
hypothetical dose in a remote future, it is possible to take into account sex and age distributions.
However, beyond this, the concept of the group does not contribute anything to the reasoning besides
the average value of the dose and risk, calculated with respect to age and sex, for a hypothetical
individual.

The proponent's responsibility with respect to risk limitation concerns a larger group which receives a
dose from the repository. It must be ensured that representative individuals from this group are not
exposed to risks which are greater than 10"6 per year. SSI has decided to allow the hypothetical
regional group to have a risk range which is within a factor of 100

If the proponent wishes to perform calculations with respect to an individual who is estimated to have
a high dose commitment, it may be acceptable to perform the calculations for an individual who
represents the higher risk level within the given range, instead of an individual who is representative
of the commitment of the entire group and thereby let the representative individual, according to the
intention of the regulations, have a risk that is ten times lower. The representatives in the assumed
living and consumption patterns must also be investigated with respect to probability.

As an alternative of using a critical group, a "critical area" may be used for demonstrating
compliance. The consequences of alternative uses of the critical area depending of the type of
ecosystem could be analysed by the applicant. For example forest, farmed land, meadow and urban
environment could form the basis for such a discussion. Some problems related to the uncertainty of
future societal behaviour can be avoided using this approach. In addition, this approach may be used
for taking into account the effect of a hypothetical outflow from the repository on biota, which is also
required by the Swedish regulations.

A small expert's group meeting was convened by SSI in May 1999 to discuss issues of compliance in
connection to SSI Regulation 1998:1 [10]. A number of points were highlighted, some of them briefly
commented below:

Scenarios. It was suggested that SSI may use a few test scenarios as a basis for a discussion of
important parts of the regulations:

1. The central scenario — the most probable outcome.
2. Large earthquakes etc. — low probability scenarios with large consequences. It would be valuable

to describe scenarios which have a very low probability, and to describe individual doses in terms
of doses to the public and to see whether this would imply doses in excess of present-day
intervention values.
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3. Juvenile failure - assumptions that a canister fails immediately after emplacement in the
repository. It is valuable to discuss whether immediate canister failures would violate SSI
requirements in the first 1 000 year period.

4. Human intrusion. It was observed that there are no guidelines in the regulations that the industry
should avoid areas with mineral resources.

Collective doses and optimisation. It was accepted by all parties that a strict cost-benefit analysis,
weighing collective dose against cost, is not realistic for a repository. However, it may be possible to
defend a principle of "as robust as reasonably achievable".

Active Institutional Control Radiation protection must not depend on institutional control. However,
it may be assumed that a repository safety would benefit from institutional control, even if this was
not a formal requirement. "Indefinitely" is a word that has been used which does not indicate endless
time but rather that there is no limitation, in principle, on the wishes of the present-day society ,
regarding the time period. One may indicate the time for which society may benefit from control.
Another period is related to the maximum time period for which we may realistically assume that a
control is credible in terms of projection into the future.

Biosphere. The biosphere is often seen as the single host of all processes outside the geosphere in
connection with a possible discharge of radionuclides from a repository, but the biosphere plays
several roles. It acts as a transport medium and a medium which must itself be protected.

In an early phase of a performance assessment, the endpoint is often taken as a drinking water dose
from a well using a standard rate of intake. This is used in SKI's study Project 90 and in discussions
within NEA [11]. In Sweden, SKB's work must be regulated by using tools to review an integrated
performance assessment. Although SKB has not yet selected a site, efforts will be made to identify a
few candidate sites, and some elements of geosphere-biosphere coupling are necessary.
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Abstract

We can isolate some issues, which should not be unresolved for a longer period of time.
Disputes over well-defined waste management options fall in this category. The concept of
retrievability has a possibility to invoke a series of questions in the minds of both specialists
and non-specialists. It is intrinsically vague, in that it may refer to different phases in the
repository's life, and to both open and closed repositories in the long time frame.
Requirements for retrievability opens a series of issues, including open-ended philosophical
question, which may give the impressions that things are not properly taken care of, since the
experts differ in opinion. If such disputes cannot be resolved by consulting the existing legal
framework, efforts should be made to put them to trial in the proper forum, i.e. parliament and
national or local government or authorities, depending on the problem. In contrast, the value
of institutional controls can easily be seen as an ethical value,, whether included in the
regulation of not. It has the potential to deter human intrusion and to allow remedial action by
carrying information about a repository.

1. ETHICS AND LEGISLATION

The following work is a follow up of an article presented at a meeting in Stockholm 24-26
October 1998, arranged by the Swedish National Council for Nuclear Waste, KASAM
(Retrievability, Ethics and Democracy, by Mikael Jensen and Magnus Westerlind). The scope
has been expanded to address high level waste programs internationally, with some Swedish
examples. Nuclear waste management gives rise to a multitude of concerns and positions,
including ethical ones. In this paper some scenarios are presented which all involve ethical
elements, in order to stimulate their discussion.

2. THE PURPOSE OF A REPOSITORY

The need of the repository's function must be clearly spelt out throughout the process from
governmental bodies and the operators alike. In general, the purpose of a repository should be
linked not only to safety but also to security and to protection from accidental and malicious
intervention. However, It is crucial that a framework is in place to judge the way forward if a
hypothetical conflicts is encountered. A site suited to thwart the threat of intrusion may not be
best for the undisturbed safety case. In explaining issues such as safety and radiation
protection to the public and decision-makers it must be made clear that these are indeed the
goals of the work in the programme. In Swedish regulation, it is foreseen that changes could
be made to a repository design related to availability or unapproachability - inaccessibility.
However, the regulations point out these changes must be described separately, in order to
ensure that they don't change the undisturbed safety so that that it falls below acceptable
limits. The main goal is therefore structural safety, providing the individual's radiation safety.
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3. INSTITUTIONAL CONTROLS IMPROVE SAFETY AND RETRIEVABILITY

Institutional controls constitute obvious and practical measures for safety, retrievability and
remedial actions. It is generally recognised that active (e.g. government ownership of the site)
and passive (archives and markers) institutional controls may significantly enhance post-
closure safety, at least for a certain period of time after closure, and their contribution to safety
should not be disregarded. Institutional controls are valuable for deterring intrusion and they
allow for both retrieval and remedial action in the future by containing information of the
repository's history, location, design and content. Although the permanence of the controls
cannot be assessed easily, their value is evident. It is therefore an ethical value to include
some post-closure measures in waste management programs.

The Archive

The reporting process pursuing the Waste Convention [1] will build up information on waste
management within the IAEA. This can be seen as a first step towards an international waste
archive. A sketch of a possible design of such an archive can be seen in [2].

4. THE ETHICS OF RETRIEVABILITY ETHICS

Why bother with ethics in the first place? The question is not an expression of arrogance, but
arises from the fact that the laws and ordinances have been decided and confirmed through a
legal process. This is particularly true in a highly regulated area such as nuclear power
production. In the field of radioactive waste, there is no doubt that the fundamental issues
have been thoroughly debated both in public and parliament. The margin for unethical
scheming is therefore strongly circumscribed by laws and regulations. This kind of ethical
debate is therefore a question of who takes credit for a good choice, the operator who took it
or the regulator who would have stopped the bad choice in any case.

4.1. A Selection of Ethical Issues

In the list below some additional scenarios are presented which all involve ethical elements, in
order to stimulate their discussion. The list of scenarios is not intended to be complete, but the
intention is to include examples of both probable and more speculative issues. Looking at the
list, we may find some which should be given a legal or regulatory expression, as well as
others with which we simply have to learn to live within a democratic society. Some issues
invoking ethical considerations are:
- Credit. Who will take credit for a good choice when bad choices are ruled out by

legislation?
- Ethics in contradiction to regulation. Unfair laws or regulations - this view amounts

essentially to defining a new political standpoint.
Opening up new alternatives. Identifying new, unregulated issues.

- Society's resources. Cost-effective considerations.
- Adding a perspective. Putting existing regulations into ethical perspective - adding a new

dimension rather than suggesting immediate change.

4.2. Unjust Laws or Regulations
Many debacles in society, in- or outside the political channels, certainly stems from the
question of the ethics of laws and regulations. Much of the concern expressed by
environmental groups, for examples, takes existing formal requirements as a point of
departure, such as laws and regulations regarding the consultation process.
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4.3. New Ideas
In the process of site selection or in the review of research and development, new and
unforeseen issues may raise which require legislative initiatives. The basis for such initiatives
may have an ethical dimension. Such a scenario is natural part of the democratic process.

4.4. Society's resources

Another line of reasoning should be mentioned, i.e. the unbalance in the societal resources
allocated for protection from radiation of artificial and natural origin. It was noted in Sweden,
after the Chernobyl accident, that the resources actually used on counter-measures - about
hundred million USD - saved (using ICRP's estimates) in the order of 1 or a few cases of fatal
cancer, whereas the same amounts of resources would have saved 10 in radiodiagnostics, 100
if used to reduce radon in dwellings, and 1000 cases of fatal cancers if used to advice against
excessive sun-bathing. In this case, however, there is a clear commitment from society and
there is no doubt that the cost of Chernobyl was in full agreement with a political wish since a
large amount of the resources was allocated by a specific decision by parliament.

4.5. Adding a dimension

Ethical reflection does not necessarily have to harbour an urge to change. The reflection may
add a dimension to what have already been discussed, and put a process into a new
perspective by adding a new dimension. The fact that such thinking may have no immediate
consequences does not imply that it is meaningless.

4.6. Close the Open-ended questions!

Issues like human intrusion, safeguards and ethics consideration such as those made by
societies in the distant future must not be brought up on the same level as safety issues.
Otherwise the inability to cover all possible scenarios in the distant future could be an
indication that things are not under proper controls. It is important that, if a new problem is
seen in the process, the need for amendment of laws or regulation is addressed. Open-ended
questions may give the impression that the experts cannot agree, and it is valuable that the
priorities are understood, have been decided and the can be explained unambiguously by the
implementer and government institutions alike.
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Abstract

According to a governmental decision in 1996, the Swedish Nuclear Fuel and Waste Management
Company (SKB) is requested to present a system analysis of the entire concept for final management
of spent nuclear fuel. This prompted the Swedish Radiation Protection Institute (SSI) and the Swedish
Nuclear Power Inspectorate (SKI) to present, in 1998, a joint memorandum expressing the authorities
opinions on such a system analysis. The purposes of a system analysis are, in the authorities view,
two-fold: 1) To identify and evaluate different options when selecting strategy and method for the
final management, which enables comparisons between options and identifies the rationale for
selection; 2) To describe how all components interact in a system for final management of spent fuel.
Furthermore, attention should be given to presenting the analysis in a manner that is suitable for
communication with non-experts and the general public.

1. INTRODUCTION

The Swedish process of developing a final disposal concept for taking care of spent fuel has been
going on since the mid-seventies. The issue of system analysis was first raised in connection with the
1996 review of a research, development and demonstration (RD&D) programme, which the Swedish
Nuclear Fuel and Waste Management Company (SKB) is requested, by law, to present every third
year. This programme is widely reviewed and after compiling the viewpoints, the Swedish Nuclear
Power Inspectorate (SKI) submits recommendations to the Government who subsequently decides
upon the programme and, if necessary, defines or revises the conditions for SKB's future work.

At the 1995 review, several organisations asked for a comprehensive presentation of how the various
facilities and activities in the KBS-3 concept (deep geological disposal), which is the SKB concept for
disposal of spent fuel, interact. Furthermore a systematic overview and a description of alternatives to
the KBS-3 method was asked for. As a result, the Government decided that SKB, in its further
research, should carry out a system analysis of the entire final disposal system (encapsulation plant,
transportation system and repository). The system analysis should include alternatives to the KBS-3
method as well as a description of different variations of the KBS-3 method1. Furthermore, the
ongoing international work on transmutation and the consequences which would arise if the final
repository were not to be constructed (the zero alternative) should be presented and included in the
system analysis.

The governmental decision initiated discussions between the main regulators, SKI and the Swedish
Radiation Protection institute (SSI), about what should be included in such an analysis. The

1 In this context the term strategy refers to an overall aim and direction for disposal of the spent fuel (e.g. dumping, monitored long-term
storage, partitioning and transmutation, deep geological disposal) and the term method refers to a more detailed and technical choice within
a strategy (e.g. very deep holes, the KBS-3 method or dry or wet storage). Within each method variations can be found. Horisontal or
vertical positioning of the fuel canisters in the bedrock are for instance two variations of the KBS-3 method.
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discussions resulted in a joint memorandum where the authorities expressed their views concerning
the substance of a system analysis. This paper describes the content of the memorandum. It also
discusses the SKB system analysis which was a part of the 1998 RD&D programme and the result of
the joint SKI and SSI review of this system analysis.

2. THE PURPOSE OF SYSTEM ANALYSIS

The way SKI and SSI see it, there is mainly a two-fold purpose with the system analysis. The first
purpose is to systematically identify available options at different levels during the decision process,
to discuss these options and to explain why certain alternatives have been rejected and others retained.
The detail of these discussions and explanations will vary depending on the stage of the decision
process. It is also obvious that the focus of the system analysis will change as the decision process
proceeds. The focus will be on the choice of strategy and method in the early phase of the process,
while at the end of the process the interest in detailed analysis of the selected method increases. The
second purpose of a system analysis would be to describe the interactions between the components of
the selected system.

A somewhat different purpose is the possibility of using the system analysis as a tool for facilitating
the communication with non-experts and the public. The issue of spent fuel disposal has a high degree
of complexity. If efforts are made in presenting the material (overview of the system, rationale for
selections, comparisons etc) in a way suitable for non-experts, the system analysis could be a valuable
input to the continuous dialogue between the decision makers and the public.

3. BASIC ELEMENTS OF A SYSTEM ANALYSIS

3.1. Strategies and methods

The system analysis should, if used as the first purpose indicates above, serve as a tool for the choice
of strategy and method for disposal of spent fuel. The choice of method have to be justified
thoroughly not only from a safety and radiation protection point of view, but from the economical,
social and political point of view as well. An overview of the different options is also requested as a
part of the EIA (environmental impact assessment).

The first step is to identify suitable strategies. It is presumed that the choice of strategy would only
need to be based on a brief overview of the options and could to a large extent be justified on other
premises than safety and radiation protection. In the case of SKB, three strategies will remain for
more detailed considerations: (a) monitored long-term storage, (b) partitioning and transmutation and
(c) deep geological disposal.

(a) Neither SSI, nor SKI, regard monitored long-term storage as an alternative to a final disposal,
mostly because the responsibility of solving the problem of a disposal for spent fuel is then left
to future generations. Should there, however, be serious delays in siting and construction of a
final repository or should it for some reason not be constructed at all, adequate storage must be
provided. Thus consequences of a continued storage must be analysed.

(b) Partitioning is against Swedish policy and transmutation is still at a research level rather than
being a realistic solution. However, for the sake of completeness of the system analysis, P&T
need to be addressed.

(c) Deep geological disposal is the strategy that seems the most suitable for Swedish conditions.
Furthermore, the different methods within this strategy, e.g. the KBS-3 method and very deep
holes, are final solutions. The demand for a final disposal is requested by Swedish law.
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The next level of decision is the choice of method and in order to make this choice, one or two
possible methods within each strategy need to be identified. The analysis of these methods should be
comprehensive enough to allow for a comparison between them. All steps of managing the spent fuel
within each method need to be explained and described at a similar level of detail for all methods.

3.2. The main concept

A final disposal for spent fuel is a system of great complexity and a system analysis is thus needed in
order to provide the implementor, as well as the authorities, decision makers and the public, with an
overview of the system, e g how the facilities (encapsulation plant - transportation system -
repository) are adapted to each other and how the optimisation of doses and safety issues on both
short and long-term basis is made for the system as a whole. Or as the Joint Convention on the Safety
of Spent Fuel Management and on the Safety of Radioactive Waste Management put it in article 4
(iii): .. ."take into account interdependencies among the different steps in spent fuel management".

4. SAFETY AND RADIATION PROTECTION CONSIDERATIONS

Evidently, no system analysis of a spent fuel disposal will be adequate without analysing the system
from a safety and radiation protection point of view. A large part of the joint SKI and SSI
memorandum is thus related to issues relevant to the domain such as compliance of criteria, safety
assessments, safeguards, intrusion, retrievability, monitoring, documentation of information etc.

4.1. Criteria for radiation protection and safety

Both SKI and SSI are developing regulations concerning the disposal of spent fuel. SSI recently
issued regulations on the protection of public health and the environment in connection with the final
management of spent nuclear fuel and nuclear waste and SKI will in 1999 submit regulations on long-
term safety for comments. In a more detailed system analysis, an important part will be to show
compliance with radiation protection and safety criteria. At the present stage of the process, this is not
equally relevant. So far, the part of the system analysis concerned with radiation protection and safety
criteria consists of discussing to what extent and in what way the criteria and other common
principles influence the development and analysis of various options for the final disposal.

4.2. Safety assessments

It is obvious that the results from the safety assessments of the KBS-3 method will form an essential
part of a system analysis, as they indicate the compliance with dose and safety criteria. A large part of
SKI's and SSI's memorandum thus concerns what the authorities consider should be addressed in the
safety assessments of the different components in the KBS-3 system. The components identified by
the authorities are the encapsulation plant, the repositories for spent fuel and long-lived waste, the
transportation system and the copper canister. Both short and long-term performance of the various
components should be analysed. The assessments must consider intrusion into the repository or the
impact of other disruptive events on the repository or in its vicinity. The essential point is to study the
capability of the repository to isolate and retain the radioactive substances after an intrusion.

4.3. Retrievability

According to SKB plans, 10% of the fuel will in a demonstration phase be encapsulated and
deposited, after which an evaluation is done. In case it is decided not to continue to the next phase
(full scale operation), SKB should have a plan for this situation. Therefore retrievability and
management of retrieved encapsulated fuel has to be addressed in the system analysis. It is however
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the authorities general view that the possibility of retrieval of the spent fuel must not compromise the
protective capability of safe long-term storage of the repository.

5. WHERE ARE WE NOW?

The governmental demand for a system analysis has in part been met by SKB as they presented a first
version in their 1998 RD&D programme. SKB made it clear that it was not intended to be a full
system analysis, but should be seen as a first attempt to compile relevant knowledge concerning
alternative methods and the KBS-3 method. The assessment of long-term safety of the KBS-3 method
was not included in this version since a separate safety assessment report will be published late 1999.
SKI and SSI have in their joint review of this first version of a system analysis focused on choice of
strategy and method and merely noted that the issues in their joint memorandum about system
analysis seem to be addressed, although to different degree. Since the authorities argue that the zero
alternative (continued intermediate storage) does not provide a long-term solution and that the P&T
strategy is not a realistic option, they agree with SKB on the fact that deep geological disposal has
been, and will continue to be, the best strategy. There is also an agreement on the fact that the KBS-3
method may remain the SKB main concept. However, other methods, such as e.g. very deep holes,
still need to be examined and discussed in a system analysis as they provide a comparison to the main
concept. In order to provide the municipalities with adequate input for decision-making, SKI and SSI
have in their review asked SKB to present an in-depth system analysis with an extended analysis of
the interaction between different components of the KBS-3 method. This analysis should be provided
by SKB before SKB choose which municipalities they wish to perform geological site investigations
in. The review of 1998 RD&D programme is currently under scrutiny by the Government and a
decision is due late 1999.

6. CONCLUSIONS

System analysis is currently being developed as a tool for identification, assessment and comparison
of different options for the management of spent nuclear fuel. The analysis should consider all steps
in the management and not only the final step, i.e. the disposal. The system analysis of both
alternatives and the main concept (KBS-3) has attracted considerable interest, ranging from nuclear
safety and radiation protection authorities to municipal decision-makers, and efforts should be made
to present this analysis in a manner suitable for communication with non-experts and the general
public. It is also believed that the system analysis should include and present the historical
development, i.e. it should in a consistent way explain the steps taken, and their motivation, so far.
SKB has, through its first version of a system analysis, presented in their 1998 RD&D programme,
shown that they recognize the importance of a system analysis. Considerable efforts still remain,
however, until the views of SKI and SSI, expressed in their joint memorandum, are fully taken into
consideration.
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Abstract

The International Atomic Energy Agency (IAEA) launched a Coordinated Research Program in
November 1997 on Improvement of Safety Assessment Methodologies for Near Surface Radioactive
Waste Disposal Facilities (ISAM). The purpose of this paper is to describe the program and its goals,
and to describe achievements of the program to date. The main objectives of the ISAM program are
outlined. The primary focus of ISAM is on the practical application of safety assessment methodologies. Three
kinds of practical situations are being addressed in the program: safety assessments for large vaults typical of
those in Western Europe and North America, smaller vaults for medium and industrial wastes typical in eastern
Europe and the former Soviet Union, and a proposed borehole technology for disposal of spent sources in low-
technology conditions.

1. INTRODUCTION

The purpose of this paper is to describe a Coordinated Research Program of the International Atomic
Energy Agency (IAEA). The Research Program is on the Improvement of Safety Assessment
Methodologies for Near Surface Radioactive Waste Disposal Facilities (ISAM). In addition to
describing the program and its goals, a progress report of accomplishments to date is given. The main
objectives of the ISAM program are: to provide a critical evaluation of the approaches and tools
currently used in the post-closure safety assessment of proposed and existing near-surface radioactive
waste disposal facilities; to enhance the approaches and tools used; to provide participants with
practical experience in the implementation of the approaches and tools; and to build confidence in the
approaches and tools used. The primary focus of ISAM is on the methodological aspects of safety
assessment with emphasis on the practical application of these methodologies. One of the main
components of the program is the development of safety cases by both individual participants and by
participants working as a group. This will allow participants to test and understand safety assessment
approaches and will give practical experience in their implementation. There are three Working
Groups in the ISAM program:
- the Scenario Development Working Group (led by Japie van Blerk, Atomic Energy Corporation

of South Africa);
- the Modeling Working Group (led by Paulo Heilbron, Commisao Naciaonal de Atomica Energia

Brazil);
- the Confidence Building Working Group (led by George Dolinar, Atomic Energy of Canada

Limited); and
The three Working Groups are assembling and summarizing information and data and developing
tools as necessary. Participants apply the tools that become available during the ISAM program to the
group and their individual safety cases. The intention of the organization is to provide access to new
and improved methodologies for specific aspects of the safety assessment, and to test those
methodologies on real site-specific problems. In this way, the robustness and completeness of the
methodologies are tested.
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2 CURRENT EFFORTS

2.1 Confidence Building Working Group

Confidence building is a general term that refers to procedures and approaches that are used to justify
the approaches taken in a safety assessment. Four topic areas have been identified by ISAM
participants as being of interest: compilations; communication; quality assurance, and treatment of
uncertainty. Tasks have been identified for each topic, and deliverables have been agreed upon.
Progress has already been made toward meeting each of the deliverables.

Compilations: There has been broad interest from the participants in having access to compilations
(assembled lists) of various documents and data that would be useful in the safety assessment process.
Examples of the compilations are safety indicators, regulations, and safety assessment documentation.

Communications: There has been much interest in audience-specific issues related to communication.
A number of specific audiences were defined including regulatory authority, the public and technical
and scientific audiences. Simple methods of presentation directed at establishing trust and
believability in the safety assessment were seen as an important outcome. Initial activities have been
focused on gathering information regarding communication materials that have been used with
different audiences.

Quality Assurance (QA): There is considerable interest in QA methods and standards appropriate to
the safety assessment process. Some participants required guidance of on how QA is implemented, for
example, input tracking and verification, and document review. The first task has been to assemble
information on the QA standards that have been applied in the safety assessment process in various
programs.

Uncertainty: The topic of uncertainty has had considerable discussion from a variety of points of
view. The ISAM participants felt that specific additional effort would be useful on uncertainty
analysis related to safety assessment. In particular, the concepts of conservatism, deterministic and
probabilistic analysis, and issues related to uncertainty (and confidence issues) with respect to the
iterative performance assessment process would be very beneficial. The initial task in this area is to
provide a discussion document in about 6 months time.

2.2 Scenario Generation And Justification Working Group

The approach and concept behind scenario development in the international context is somewhat
different than in the U.S. Internationally, scenario development refers both to identification of
initiating events and processes, and to identification of internal processes at work in the system. In
U.S. low-level waste literature, these latter processes are generally considered to be an initial
component of conceptual model development. By contrast, the term scenario development as it is
referred to in ISAM comprises both scenario development in the U.S. sense, and much of conceptual
model development. The intent of this working group is to investigate approaches for making these
steps more traceable and defensible. To this end, three initial tasks have been identified: development
of a FEPs database, development of a generic scenarios database, and identification of methods for
deriving and documenting scenarios from FEPs.

Production of a FEPs database: There is interest among RCM participants in defining and compiling
a comprehensive FEPs database for near surface facilities which is interactive and user-friendly. The
first steps are to collect information from RCM participants themselves and to conduct a literature
survey. A draft FEPs list has been developed and is under review in the program.1 In addition,
participants have been asked to apply the FEP list and scenario development process to each of the
safety cases prior to the 2nd RCM in February 1999. In this way, practical experience will be
generated about the applicability to real systems, and it is expected
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Production of a generic scenarios database: Some participants suggested that it would be useful to
compile a generic set of scenarios. Again, the first steps are to collect information from ISAM
participants themselves and to conduct a literature survey. This will establish which scenarios are
currently being used in safety assessments for near surface disposal facilities. This set of scenarios
will then be analyzed and grouped into different categories.

Evaluation of methods for generating and screening FEPs and scenarios: There are a number of
methods which are currently being used to generate FEPs and scenarios as well as others which are
currently under development. Participants at the RCM concluded that the Working Group should
conduct a literature survey of these methods and then evaluate them. The emphasis will be on:
- methods for generation and screening of FEPs
- generation of scenarios from FEPs ; and
- screening scenarios to establish which should be considered in the consequence analysis.

2.3 Modeling And Data Working Group

The modeling and data working group has been established to identify broadly the type of analyses
and approaches that are being implemented worldwide in safety assessments. Furthermore, specific
attention is being paid to state-of-the-art software tools available for safety assessments that may have
broad applicability. To accomplish these goals, four initial tasks have been identified: a compilation
of existing safety assessment models, development of a generic parameter database, development of a
software database, and publication of a glossary of terms.

Safety assessment model compilation: participants identified this activity as particularly important.
The aims of this task are:

- to compile a list of models which can be used as a basis for safety assessment software, including
boundary conditions;

- to evaluate approaches for choosing or developing appropriate safety assessment software,
including the development of conceptual and mathematical models from scenarios.

Parameter database: participants concluded that it would be useful to develop a database containing
ranges of near surface safety assessment parameters. It is envisaged that the database would be
particularly helpful during the site selection phase or during early iterations of the safety assessment
process when little site specific information may be available. Data on disposal systems, radionuclide
transport, biosphere and human exposure will be collected from both the literature and ISAM
participants.

Definition of modelling and data terms: participants concluded that it would be useful to define
modelling and data terms, with particular emphasis on parameter definitions.

Safety assessment software: participants expressed considerable interest in collating information
about software that is either available or under development for the safety assessment of near surface
repositories. Participants also wish to develop a better understanding of safety assessment software.

2.4 Safety Cases

RADON-Type Disposal Facility

The Eastern European Vault subgroup represents an integration of ISAM participants and an ongoing
project from the Swedish Radiation Protection Institute (SSI), on safety in the former Soviet Union. It
is anticipated that integration of activities from these two programs will result in improved
dissemination of information generated in ISAM to nations in eastern Europe.

236



Vault Disposal Facility

Of the three Group Safety Cases, the vault facility subgroup represents a type of facility most familiar
to a U.S. Department of Energy audience. The Safety Case is focused on an assessment of a proposed
disposal facility for miscellaneous commercial low-level waste, including power-plant waste, medical
waste, and industrial waste. The vault design is similar to a U.S. proposed disposal facility, in that it
is a massive concrete earth-mounded below-grade structure. The geological and biological setting has
been chosen to be Vaalputs, South Africa.

Bore Hole Disposal Facility

The Bore Hole Safety Case is focused on demonstrating iproof of concept! for a disposal technology
for spent sources. In many developing countries, spent sources are a significant human health hazard.
Furthermore, they often represent the only type of radioactive waste in the country. As a result, there
is often no plan for disposal in the country. In addition, since radioactive waste management is
limited to spent sources in these countries, there is often little expertise available in the country.

To address this problem, a technology has been proposed that uses existing levels of technology in a
specialized manner for disposal of spent sources. A specialized waste form is under design, which is
intended to be disposed in ordinary water-well boreholes. In this way, improved safety can be
achieved with minimal application of technology. The intent of the iproof of concept! is to
demonstrate that acceptable safety, and acceptable confidence in the safety assessment, can be
achieved under these conditions.

3. SUMMARY

A research program is in progress for improving safety assessment methodologies for near-surface
waste disposal facilities. Each of the activities in the program is directed toward improving the
defensibility and traceability of safety assessments. In addition to developing methodological aspects
of the assessments, the approaches are being applied in a practical sense to real safety assessment
problems. In this way the robustness and practicality of the methodologies is tested. Results from the
program will be widely disseminated, and will improve the state of the art of safety assessments
worldwide.
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Abstract

The International Atomic Energy Agency has established a project to develop and illustrate, through
practical examples, an approach that allows the derivation of quantitative waste acceptance criteria
for near surface disposal of radioactive waste. The first phase focussed on the derivation of example
post-closure safety waste acceptance criteria through the use of a safety assessment approach that
allows for the derivation of values in a clear and well documented manner. The approach consists of
five steps: the specification of the assessment context; the description of the disposal system; the
development and justification of scenarios; the formulation and implementation of models; and the
calculation and derivation of example values. The approach has been successfully used to derive
activity values for the disposal of radioactive waste to illustrative near surface facilities.

1. INTRODUCTION

In April 1997 the International Atomic Energy Agency (IAEA) started a project on quantitative
acceptance criteria for near surface disposal of radioactive waste. Its aim is to develop and illustrate,
through practical examples, an approach that allows the derivation of quantitative waste acceptance
values based on radiation safety criteria. It is organised into three phases. The first phase started in
April 1997 and ended in December 1998. Its focus was on the derivation of post-closure safety waste
acceptance criteria. The second started in November 1998 and it is continuing to develop a similar
systematic approach to derive operational safety acceptance criteria. The scope of both phases is
limited to total activity values and concentrations in waste packages. It is planned that a third phase
will begin in the year 2000 incorporating into the analysis other safety-relevant qualitative and
quantitative acceptance criteria. This paper outlines the first phase of the project; more details are
provided in [1]. The second phase is outlined in [2].

2. APPROACH

In previous studies that have been undertaken to derive quantitative acceptance criteria for the post-
closure phase, the safety assessment approach has been found to be a useful tool since it allows for
the derivation of values in a clear and well documented manner. Therefore such an approach was
used to derive the example values for the first phase of this project. The IAEA Co-ordinated Research
Programme for Improving long term Safety Assessment Methodologies for near surface radioactive
waste disposal facilities (ISAM) [3] is providing a critical evaluation of the safety assessment
approach. As part of the preparatory work for ISAM, the key components of the safety assessment
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approach were identified and synthesised. A version of the resulting approach, revised for use in this
project, can be summarised into five steps:

• the specification of the assessment context;
• the description of the disposal system;
• the development and justification of scenarios;
• the formulation and implementation of models; and
• the calculation and derivation of example values.

Each of these steps is outlined below.

2.1. Specification of the assessment context

The assessment context provides information concerning what is to be calculated and why. In most
safety assessments some measure of impact on humans and/or the environment is calculate and the
waste activity concentrations and total activity levels are the starting points. However, the purpose of
the first phase of this project was to develop and apply an approach to derive post-closure waste
activity values to illustrative disposal systems. Therefore the calculational end points were the waste
activity concentration and total activity values, and the measures of the impact (annual individual
effective dose to a member of a hypothetical critical group) was the starting point.

2.2. Description of the disposal system

It was assumed that the radionuclides of interest (including 3H, 14C, 60Co, 129I, 137Cs, 226Ra, 237Np and
238U) were disposed of to two alternative disposal facilities representing the opposite ends of the
spectrum of engineering. At one end, there was the minimally engineered facility (trench) which was
excavated into the ground, contained loose tipped waste and was covered by a soil cap. At the other
end of the spectrum, there was the heavily engineered facility (vault) which was excavated into the
ground, lined with concrete and covered with a cap containing rolled clay. The waste was assumed to
be contained in a concrete matrix within drums that were backfilled in the vault.

Two geospheres were considered: a high permeability ("sandy") geosphere; and a low permeability
("clay") geosphere. For the sandy geosphere, it is assumed that the geosphere interface with the
biosphere is a well located at the site boundary. For the clay geosphere, it is a river located 1500 m
from the site boundary.

Two biosphere states were considered (temperate and arid); both of which were assumed to support
agricultural activity. It was recognised that over the timeframes of interest both the biosphere and
human habits could significantly evolve. However, for the illustrative purposes of the project it was
assumed, for ease of calculation, that constant conditions and habits are maintained.

Figure 1 shows the combinations of disposal facility, geosphere and biosphere characteristics.

Disposal Facility:

Geosphere:

Biosphere:

Trench

Clay Sandy

Temperate Arid Temperate Arid

Vault

yL ^
Clay Sandy

Temperate Arid Temperate Arid

FIG. 1. Disposal System Characteristics
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2.3. Development and justification of scenarios

Several techniques have been used in the past to generate sets of scenarios relevant to waste disposal
[4]. Indeed, techniques relevant to near surface disposal are currently being reviewed in the ISAM
programme. The method, which was chosen for the illustrative purposes of this project, consisted of:

• defining the main elements to be considered in the assessment, for example the disposal facility
components and the human access to the site;

• defining the states of the components of the disposal system (barriers and human behaviour);
• constructing the state combinations; and
• checking the scenarios generated and grouping them into main categories.

Using this approach, the following scenarios were identified for consideration:

• the leaching of the radionuclides from the waste by infiltration and the subsquent contamination
of a well or a surface water body used as a water supply by a small farm system (the off-site
leaching scenario);

• the construction of a road across the disposal facility (the on-site scenario road construction
scenario);

• the development of a farm on totally degraded waste (the on-site residence scenario); and
• the contamination of agricultural land by leachate accumulated in the disposal facility (the on-site

bathtubbing scenario).

2.4. Formulation and implementation of models

For each scenario, conceptual models were generated by identifying:

• the contaminant release media and mechanisms;

• the contaminant transport media and mechanisms;
• the primary and secondary biosphere receptors; and
• the human exposure mechanisms.

The mathematical models were then developed relating to:

• source term modelling for the leaching and bathtubbing scenarios. For the leaching scenario, an
expression was given to evaluate the amount of radioactivity which is leached from the disposal
and subsequently enters the geosphere. In the case of the bathtubbing scenario, the expression of
the concentration of a radionuclide in the overflowing water was given;

• geosphere modelling for the leaching scenario, through the expression of the delay which was
produced by the unsaturated zone, and through the general advection-dispersion equation which
governs the overall transport; and

• dose calculations with respect to the assessment of the internal and external exposures for all
scenarios considered.

These mathematical models were then implemented by two consultants (Consultants A and B) in
appropriate software tools. The data required by the computer tools for the solution of the
mathematical models related to the disposal system (disposal facility, geosphere and biosphere),
human exposure, and radionuclides and elements of concern. Sources of the data for the disposal
system are given in [1].
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2.5 Calculation and derivation of example values

Using the results from the calculational tools, tables were derived consisting of quantities expressed
either in Bq kg"1 (waste concentrations) or in Bq (total waste activity disposed) corresponding to each
calculational case (i.e. scenario and disposal system combinations). The limiting waste activity
values for the on-site scenarios (Table I) were expressed in terms of concentration (Bq kg'1 of waste)
rather than total amounts (Bq) since the concentration is less disposal facility specific than the total
amount. The limiting waste activity values for the off-site scenario (Table II) were expressed in terms
of total amounts (Bq) rather than concentration (Bq kg"1 of waste) since the impact of the scenario
depends more on the total amounts disposed rather than the concentration in the disposal facility.

In order to check the values, a comparison was undertaken with the values derived by the Nuclear
Energy Agency in 1987 [5]. It was found that there was a good agreement (within one order of
magnitude) for most radionuclides, and where there were differences these could be explained due to
differences in the scenarios assessed. To build confidence in the results further, it was judged
interesting to compare the results with existing situations involving real waste disposals. For this
purpose, the derived example waste activity values were compared against historic disposals to
shallow trench and vault facilities, respectively in United Kingdom (Drigg facility) and France
("Centre de Stockage de la Manche"). In both cases, the example values derived from the IAEA
project were found to be consistent with actual disposals to these facilities.

In applying the approach and the example waste activity values, it is vital to consider the following
important caveats:

• The approach is applicable to the assessment of the post-closure radiological impacts of the
disposal of solid and solidified radioactive waste (excluding sealed sources) to near surface
facilities. Application to circumstances beyond this scope should be undertaken with great care.

• When using the values derived from the use of the approach, three sources of uncertainty must be
taken into consideration: uncertainty in the evolution of the disposal system over the timescales
of interest; uncertainty in the conceptual, mathematical and computer models used to simulate the
behaviour and evolution of the disposal system; and uncertainty/variablility in the data and
parameters used as inputs in the modelling.

• The calculation of the values derived using the approach assumes that there is a linear
relationship between dose and the radionuclide inventory disposed in the facility.

• The values for waste activity concentrations derived using the approach should not be interpreted
as being prescriptions to be imposed on each waste package to be sent to the disposal facility.
They should be interpreted in terms of average values for the waste through the entirety of the
disposal facility. Furthermore, compliance with the derived values cannot ensure the overall
safety of disposals, since such safety relies upon other criteria, some of them qualitative (e.g. the
concept of defense in depth), and some relating to the operational phase.

• No consideration has been given to operational safety. So the example values derived only apply
to post-closure scenarios. However, as noted in the introduction, the study is currently being
extended to consider the derivation of operational safety values, as well as post-closure values.

• Each scenario assessed has been assigned a probability of unity and has been treated with the
same dose limit of 1 mSv y"1. It should be noted that other possibilities exist, such as the
introduction of probabilities associated with the use of risk limits, or the use of different dose
limits for chronic exposure (residence) and single exposure (road construction).

• For the calculation of the example values, the radionuclides have been considered independently
of each other (except for the decay chains). When managing a spectrum of several radionuclides
it is necessary to combine their impacts in order to ensure that the dose limit is not exceeded for
any given scenario.

• The radioactive inventory has been considered to be regularly distributed in the disposal facility
for all scenarios, with the exception of the hot-spot calculation for the road construction scenario.
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• Application of the example values should be limited to assessment contexts and disposal systems
similar to those in the report; any extrapolation to different assessment contexts and disposal
systems should be undertaken with care. This is especially the case for the values associated with
off-site scenario (leaching scenario) which can be highly sensitive to geosphere parameters, such
as hydraulic conductivity, watertable gradient, distance between repository and geosphere-
biosphere interface, and geosphere distribution coefficients.

• On-site scenario values for chains containing radiologically significant long lived daughters can
become more restrictive with time due to the ingrowth of daughters. Thus it is advisable that
values for such chains should be derived for a range of appropriate times, not just for the time at
which institutional control is assumed to cease.

3. CONCLUSIONS

The approach developed in this project can be used to derive assessment context and site specific
quantitative acceptance criteria for the disposal of radioactive waste to near surface facilities in a
clear and well documented manner. The derived example waste activity values can also be used for a
number of additional purposes.

First, they can be used as a starting point for countries that do not yet have site specific waste activity
values and are at an early stage in the development of plans for near surface disposal. As such:

• they allow testing of the feasibility of disposal concepts with regards to the waste which are to be
managed;

• they provide orders of magnitude guidance on the likely impacts of proposed disposals; and
• they can be used at the 'screening process' stage in the overall organisation for the development

of near surface disposals.

Second, they can be used as a benchmark against which to compare disposal system specific values.
However, such comparisons should be undertaken with care. Checks should be made to ensure that
any differences between the assessment context and system description (and associated scenarios,
conceptual and mathematical models and data) for the site-specific system and the systems
considered in [1] are documented and their effects on the derived values evaluated.

References

[ 1 ] INTERNATIONAL ATOMIC ENERGY AGENCY, Derivation of Default Acceptance Criteria
for Disposal of Radioactive Waste to Near Surface Facilities: Development and
Implementation of an Approach, Working Document, Version 3.0, IAEA, Vienna (1999).

[2] TORRES, C , GAGNER, L., LITTLE, R.H., Derivation of Quantitative Acceptance Criteria for
Disposal of Radioactive Waste to Near Surface Facilities: Review and Implementation of an
Approach for the Operational Phase, these Proceedings.

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, ISAM, The International Programme for
Improving Long Term Safety Assessment Methodologies for Near Surface Radioactive Waste
Disposal Facilities: Objectives, Content and Work Programme, Final Version, IAEA, Vienna,
(1997).

[4] NUCLEAR ENERGY AGENCY, Systematic Approaches to Scenario Development. Nuclear
Energy Agency, Organisation for Economic Co-operation and Development, Paris (1992).

[5] NUCLEAR ENERGY AGENCY, Shallow Land Disposal of Radioactive Waste : Reference
Levels for the Acceptance of Long-Lived Radionuclides, A Report by an NEA Expert Group,
Nuclear Energy Agency, Organisation for Economic Co-operation and Development, Paris
(1987).

242



Table I. Limiting Concentrations (Bq kg'1) and Associated Calculational Cases for the On-Site Scenarios for the Trench and Vault Disposal Systems
Radionuclide

3H
14C
4ICa
55Fe
60Co
59Ni
63Ni
90Sr
93Zr
94Nb
"Tc
129.

134Cs
I37Cs
151Sm
226Ra
228Ra
232Th

234U
235U
2 3 8U
237Np
238Pu
239Pu
240pu

24 'Pu
241Am

Limiting Concentration
(Bq kg"1 of waste)

4.E+05
4.E+05
2.E+05
l.E+11
2.E+06
l.E+07
6.E+06
2.E+03
3.E+06
3.E+03
3.E+03
2.E+03
6.E+07
2.E+04
l.E+08
8.E+02
2.E+04
6.E+02
3.E+05
4.E+04
l.E+05
2.E+04
l.E+05
7.E+04
7.E+04
2.E+06
8.E+04

Trench
Associated Calculational Case

Bathtubbing at 5 years
On-site residence at 30 years
On-site residence at 30 years
Bathtubbing at 5 years
Road construction at 30 years to depth of 6 or 9m
On-site residence at 30 years
On-site residence at 30 years
On-site residence at 30 years
On-site residence at 300 years
On-site residence at 30 years
On-site residence at 30 years
On-site residence at 30 years
Bathtubbing at 5 years
On-site residence at 30 years
On-site residence at 30 years
On-site residence at 100 years
On-site residence at 30 years
On-site residence at 300 years
On-site residence at 300 years
On-site residence at 300 years
On-site residence at 300 years
On-site residence at 300 years
Road construction at 30 years to depth of 6 or 9m
On-site residence at 30 years
On-site residence at 30 years
On-site residence at 30 years
On-site residence at 30 years

Limiting Concentration
(Bq kg"1 of waste)

3.E+06
l.E+09
l.E+09
2.E+17
l.E+09
2.E+09
2.E+09
5.E+04
4.E+08
9.E+04
l.E+07
5.E+03
6.E+12
8.E+04
2.E+11
5.E+04
5.E+08
4.E+04
2.E+06
7.E+05
2.E+06
3.E+05
l.E+07
2.E+05
2.E+05
2.E+07
5.E+05

Vault
Associated Calculational Case

Bathtubbing at 60 years
Road construction at 500 years to depth of 9m
Bathtubbing at 60 years
Bathtubbing at 60 years
Bathtubbing at 60 years
Bathtubbing at 60 years
Bathtubbing at 60 years
Bathtubbing at 60 years
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Bathtubbing at 60 years
Bathtubbing at 60 years
Bathtubbing at 60 years
Bathtubbing at 60 years
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Bathtubbing at 60 years
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9m
Road construction at 500 years to depth of 9ni
Road construction at 500 years to depth of 9m

Note:
(1)
(2)
(3)

Values calculated using a dose limit of 1 mSv y for each radionuclide.
Values calculated assuming a probability of unity for each scenario.
Values for chains containing radiologically significant long lived daughters can become more restrictive with time due to ingrowth of daughters. However, for the trench disposal system at
10,000 years, no values are more restrictive than those given in the table, except for U (l.E+04) and U (3.E+03). For the vault disposal system at 10,000 years, no values are more
restrictive than those given in the table, except for 234U (4.E+05) and 235U (l.E+05).

(4) Bathtubbing scenario is only applicable for the trench and vault disposal systems with a clay geosphere and temperate climate. The combination of infiltration rate and hydraulic parameters
results in bathtubbing after 5 years for the trench, and 60 years for the vault. It is conservatively assumed that land contaminated by bathtubbing is used for growing crops.



Table II. Limiting Total Amounts (Bq) and Associated Calculational Cases for the Off-Site Scenario for the Trench and Vault Disposal Systems

Radionuclide

3H
14C
4 1Ca
5 5Fe
6 0Co
59Ni
63Ni
90Sr
9 3Zr
9 4Nb
9 9Tc
I 2 9 I
134Cs
137Cs
! 5 l Sm
2 2 6Ra
2 2 8Ra
232Th
234U

235U
2 3 8U
2 3 7Np
2 3 8Pu
2 3 9Pu
24OPu
2" 'Pu
2 4 1Am

Limiting Amount
(Bq)

7.E+11
9.E+11
2.E+12

>l.E+20
>l.E+20
3.E+14

>l.E+20
8.E+13
2.E+12
4.E+12
2.E+10
4.E+08

>l.E+20
>l.E+20
>I.E+20
l.E+12

>l.E+20
3.E+10
2.E+10
2.E+10
2.E+11
l.E+11
4.E+13
l.E+11
3.E+11
2.E+16
7.E+14

Trench
Associated Calculational Case

Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in arid climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate

Limiting Amount
(Bq)

1.E+I3
7.E+13
l.E+14

>l.E+20
>l.E+20
3.E+14

>l.E+20
5.E+16
2.E+13
8.E+12
4.E+13
2.E+09

>l.E+20
>l.E+20
>l.E+20
2.E+12

>l.E+20
3.E+10
2.E+10
3.E+10
6.E+10
6.E+11
5.E+13
3.E+11
l.E+12
8.E+16
3.E+15

Vault
Associated Calculational Case

Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in arid climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in arid climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate
Sandy geosphere in temperate climate

Note:

(1) Values calculated using a dose limit of 1 mSv y"1 for each radionuclide.
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Abstract

For many years the NEA has been reviewing waste management practices in Member States.
Measures applied in the nuclear fuel cycle to reduce waste generation are outlined and
characteristics of waste management in all steps of the nuclear fuel cycle are described.
Views gained are discussed.

1. INTRODUCTION

As waste is an inevitable byproduct of all industrial activities, radioactive waste is a
byproduct of nuclear programmes. The main objective of radioactive waste management is to
handle radioactive waste materials in a safe, environmentally acceptable, economical and
responsible manner. As in other industries, the final destination of waste is either dispersion or
confinement [1]. To achieve this goal, the four main procedures are:

• to separate as much as possible radioactive components from the main process stream
and other less radioactive streams in order to facilitate later release or conditioning
{decontamination),

• to release materials contaminated with radioactivity in compliance with regulatory
requirements {release, discharge or dispersion), and

• to stabilise the separated components to facilitate further storage, transportation and
eventual disposal {conditioning),

• to confine the conditioned products in an environment remote from human activity
{confinement or disposal).

The NEA has been reviewing the progress in reducing radioactive discharges from
nuclear fuel cycle facilities in the framework of a generic study on comparison of radiological
impact of spent fuel management options. In this study all steps of the fuel cycle activities are
reviewed. It is noted that radioactive discharges have been reduced significantly in all steps
[2].

2. CURRENT STATUS

Thirty years of experience in operating nuclear facilities have generated sufficient know-
how to optimise plant design and operational practices. New technologies have been
developed and introduced and better understanding of waste generation in nuclear facilities
has resulted in modification of operating modes. Good practices have been shared throughout
the nuclear industry and increased competition in the electricity market has lead to greater
attention to waste management costs and influenced waste management practices [3].
Furthermore, operating experiences have lead to cost estimates that are reliable enough for
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decision-making [4]. Various measures are applied in all steps of the fuel cycle to reduce
waste generation and radioactive releases:

• to reduce waste generation: reduction of contamination, application of re-useable
materials, better understanding of primary system water chemistry, introduction of
new low-cobalt materials, improved fuel cladding, use of high burn-up fuel;

• to introduce alternative process: dry UF6 conversion process, new conditioning
materials;

• to introduce good practices: waste classification, timely replacement of leaking fuel
assemblies, better decontamination techniques;

• to reduce volume: incineration of combustible materials, high-concentration of
liquids, high-compacting of solid materials;

• to reduce radioactive releases: cryogenic charcoal filters, enhanced liquid stream
treatment processes.

During the early stage of nuclear programmes, little attention was given to the wastes
arising. This became an important issue when the nuclear industry started to apply the
ALARA principle. Waste generation has been significantly reduced since operators were
confronted with on site storage shortages and delays in repository development.

Efforts to reduce radioactive releases resulted in a short-term increase in waste generation
and waste management cost, as immediate solutions were not available. Since any new
technique or process has to be tested in an operating environment and reviewed before being
widely adopted, progress in improvements has been incremental rather than revolutionary.

Developments have also been made in separating long-lived gaseous or volatile
radioactive nuclides. These will reduce environmental releases and further concentrate the
radioactive nuclides. The resulting products will require proper storage and eventual disposal.

In applying these methods, an optimisation process is required since there may be a
potential of increase in radioactive doses to workers involved in waste management. This
process involves a number of factors: radiation protection aspects, operational safety of newly
conceived methods, radioactivity involved, sources, volume, characteristics, disposal options,
waste management and cost.

3. CHARACTERISTICS OF WASTE MANAGEMENT IN FUEL CYCLE

3.1 Mining and milling

Uranium is extracted from crushed rock and this process finally leaves ground mill
tailings. Generally, open pit mining generates more waste material than cavity mining.
Crushed rock and mill tailings contain small amounts of residual uranium, as well as radium,
which have long term effects, most notably the emanation of radon gas.

While the radioactive content of this material is very low, the volume is large and
therefore tailings must be disposed of with due consideration for radiation protection. No
special treatment is applied to these materials before disposal. Mill tailings are stored on site,
awaiting eventual disposal either by back filling the mined cavities or in surface disposal
areas. Usually, the surface disposal area is capped with clay but other more sophisticated
methods for long-term stabilisation are also applied. [2], [4], [5]
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3.2 Fuel fabrication

Conversion, enrichment and fuel fabrication are the processes needed to utilise Uranium
in most of today's power plants. With the exception of mixed oxide fuel fabrication, the
radioactive materials involved are naturally occurring or slightly enriched and their
radiological significance is relatively low. The major waste arising is filter cake from the fuel
purification process, prior to the conversion of uranium oxide into uranium hexafluoride.
Various types of other waste are generated from different chemical treatment processes. The
radioactivity content of all these wastes is low. A dry process to convert uranium hexafluoride
into uranium oxide has been developed and this process has contributed to the reduction of
liquid waste from the fuel fabrication process. [2]

3.3 Nuclear power generation

The waste stream in the power generation process is rather complex in terms of its
chemical form, isotopic composition and radiation levels. The radioactive materials concerned
are fission products and activation products. Most radioactive isotopes generated are confined
in the fuel elements.

Due to either leakage from fuel elements or activation of component materials, a small
proportion of radioactive substances is found in the coolant. These are transported in the
reactor system and finally removed, chemically or physically, through the purification
processes. The purification process generates concentrated radioactive streams which are
collected and stored for eventual treatment and conditioning into stable forms. The purified
water is recycled into the reactor system and purified liquid and gaseous effluents are released
into the environment in accordance with national regulations.

Improvements in fuel design and fuel cladding materials and in the quality control of fuel
fabrication have reduced the incidence of fuel failure, hi addition, vigorous control of surface
contamination of fuel elements has been applied. This has resulted in less coolant
contamination with fission products. Better understanding of water chemistry in the coolant
system has also contributed to the control of activation products in the coolant system.

Each refueling and maintenance outage generates additional waste; thus improvements in
operating performance have an immediate impact on waste reduction. Extended operating
cycles with high burn-up fuel can be seen as a contributor to waste reduction, particularly in
those countries where spent fuel is considered as waste. [2]

3.4 Reprocessing

Reprocessing separates Uranium and Plutonium from fission products in spent fuel.
Long-time storage of spent fuel after removal from the core is common practice. It allows
decay of short-lived nuclides and facilitates the reprocessing process and radioactive waste
management.

The waste stream in reprocessing is also quite complex in terms of its chemical and
isotopic composition and the radiation level is very high. Most of fission products are
contained in the liquid stream from the first extraction cycle. This waste stream is highly
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radioactive and vitrification is used for conditioning after an appropriate cooling period of
storage.

The treatment of liquid effluents has been improved and this has contributed to a
significant reduction of releases into the environment. The remaining radioactivity is
conditioned as high level waste. For conditioning of metallic pieces a super compacting
method has been developed. A process to recover plutonium from waste containing trace
amounts of this material has also been developed and is in operation. [2], [6], [7]

3.5 Decommissioning and dismantling of nuclear facilities

Experience has been accumulated in dismantling small-scale research and development
facilities and also the dismantling of large-scale facilities is undertaken in some countries. To
facilitate subsequent dismantling operations and to avoid the unnecessary spread of
radioactivity, decontamination and immobilisation of radioactive contamination is carried out.
Chemical as well as physical processes have been developed and are applied.

Decontamination and dismantling operations generate large volumes of waste with low
radioactive content. Decontaminated materials or components other than radioactive waste
could either be released for other authorised uses or disposed of with less stringent regulatory
requirements. [8]

3.6 Off-site storage and disposal

A number of off-site storage and disposal facilities for low-level waste are in operation in
the NEA Member countries and new sites are being developed. Underground repositories for
this type of waste are also operational in some NEA Member countries. For disposal of long-
lived waste, which includes spent fuel, vitrified high-level waste from reprocessing and waste
containing transuranium nuclides, development of underground repositories is the preferred
option. Several national programmes have achieved significant progress in such areas as the
construction of underground laboratories and the siting of repositories. This supports the
scientific and technological feasibility of the geological disposal concept, in spite of
difficulties in gaining public acceptance. [9], [12]

4. DISCUSSIONS AND CONCLUSIONS

A number of waste treatment and conditioning processes have been developed and are
available for specific needs in the safe handling of different types of waste streams. These
processes have successfully reduced radioactive discharges into the environment and have
contributed to the achievement of radiation protection goals for the public and workers as well
as the environment. Waste materials from mining and milling and so-called "low-level"
waste from nuclear facilities have been disposed of, after proper treatment or conditioning, in
repositories licensed by the competent national regulatory authorities.

The volume of waste generated from nuclear programmes is relatively small, thus it is
manageable by means of storage, awaiting disposal. This is a satisfactory short-term
arrangement, since effective and sustainable arrangements can be maintained. In the longer
term, such an arrangement relying on permanent maintenance of the system by society may
not be guaranteed and is not acceptable in terms of intergenerational equity. The storage of
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long-lived waste would not provide satisfactory safeguards against societal and economical
evolution, as well as the future evolution of the environment, in view of the long-term
potential hazard of long-lived waste. Disposal of radioactive waste is technically safe, since
all necessary safety and environmental precautions are taken and the system is passive. For so
called "low-level waste" disposal facilities are available in many countries. For long-lived
waste, geological disposal is currently the preferred option in NEA Member countries. As
national geological disposal programmes advance in NEA Member countries, initiatives for
postponing decisions and further reviews of alternative options have been proposed in some
countries.

No other industrial waste with long-term hazard potential has been regulated with such
vigor as radioactive waste. Nevertheless, the nuclear community should not pretend that there
would be no risk for the future generation after disposal. The debates on acceptance of
geological disposal are complex since they involve technical, scientific, societal and
environmental aspects. However complex they are, the debates should be based on scientific
and technological knowledge. The decision-making process should be transparent and allow
the active participation of stakeholders to guarantee the consistency and continuity of the
decision. Consequently, the process of decision making will be stepwise since the
development of repositories and their operation will be a unique experience to society, lasting
at least several decades. [4], [10], [11], [12].
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Abstract

Radiation protection has mainly focused on assessing and minimising risks of negative effects on human health.
Although some efforts have been made to estimate effects on non-human populations, modelling of radiation
risks to other components of the ecosystem have often lead to more or less disappointing results. In this paper an
ecosystem approach is suggested and exemplified with a preliminary I4C model of a coastal Baltic ecosystem.
Advantages with the proposed ecosystem approach are for example the possibility to detect important but
previously neglected pathways to humans since the whole ecosystem is analysed. The results from the model
indicate that a rather small share of hypothetical released 14C would accumulate in biota due to large water
exchange in the modelled area. However, modelled future scenarios imply opposite results, i.e. relatively high
doses in biota, due to changes of the physical properties in the area that makes a larger accumulation possible.

1. INTRODUCTION

Radiation protection has mainly focused on assessing and minimising risks of negative effects on
human health. Numerous conceptual and numerical models have been developed to enable predictions
of radiation exposure and subsequent harmful effects on humans [e.g. 1, 2, 3]. Although some efforts
have been made to use similar models to estimate effects on non-human populations, modelling of
radiation risks to other components of the ecosystem have often led to more or less disappointing
results. This is in contrast to assessments of other environmental hazards, where ecological effects on
for example key species often are high priority issues [4]. However, ecological risk assessment of
radionuclide contamination has recently come into focus, for instance in Sweden where new
regulations for nuclear waste storage requires that environmental effects should be described [5].

Several approaches to assess and protect the environment against ecological effects of radionuclides
have been attempted. Sometimes it has been claimed that a focus primarily on protecting human
health indirectly also would protect other organisms, which would make it unnecessary to specifically
describe environmental impacts [6]. Another approach has been to use similar models as for human
exposure to estimate effects on other organisms. A main problem with such attempts is that the
pathways of radionuclide transfer in natural food chains often are incompletely understood and it is a
tremendous task to obtain information on dose-response relationships for all different organisms.
Another commonly used measure for estimating environmental transport processes is a ratio of
activity concentrations in different media, often referred to as "concentration ratio" or "transfer
factor". In general, many of these ratio-type quantities represent more than one fundamental process,
and the absolute values of such ratios vary substantially with chemical, physiological and ecological
conditions. As a result, they generally carry rather impressive uncertainty which, when propagated in
model predictions, produce large uncertainties in predicted endpoints [7].

A complicating factor, which requires consideration in radionuclide assessment, is the long time scale.
For example, in safety assessments of nuclear waste time scales of 1000-1000000 years are necessary
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due to long half-lives of many radionuclides. Since ecosystems often change considerably during such
long time periods, models based on general mechanisms rather than on empirical measurements made
at specific sites are needed.

A major need in radioecological modelling seems to be more process level studies which provide
better insights into the fundamental mechanisms in nature, which control the transport of
radionuclides through the environment and within organisms [7]. In this paper an ecosystem approach
based -on general ecological principles is suggested as a useful tool in the assessment of environmental
effects and transport of radionuclides. The proposed approach is exemplified with a dynamic flow
model that simulates a hypothetical release of 14C from an underground repository in a coastal
ecosystem in the Baltic Sea. Carbon-14 is a radionuclide of great concern in the disposal of
radioactive wastes because of the large quantities of 14C, which often can be found in nuclear waste
repositories, its high mobility and long half-life (5730 a) [8]. The dynamics of 14C in surface water are
of particular interest because the flux of 14C from underground sources may contaminate ground water
discharging into surface water bodies and there enter aquatic food webs via uptake into autotrophic
organisms such as green plants and algae [9].

In ecosystem models the main flows and storages of matter, both in physical environments as well as
transfer and accumulations in food chains, are identified and quantified. Most ecosystem models are
mass conservative compartment models, i.e. substances entering the system have explicit ways where
they accumulate or where, they disappear from the system. This is one of the advantages with this
approach since the entire potential release is always considered and an increased resolution of the
compartments improves estimates on species doses, but does not omit the total radionuclide amount.
The major exposure pathways for most radionuclides in aquatic environments are through ingestion,
which are directly related to energetic and nutritional requirements of the growth and metabolism of
the organisms [10]. These relationships follow simple ecological principles, are constrained by the
rate of primary production, and can thus easily be measured or estimated, as well as modelled.

2. METHOD/DESCRIPTION OF THE MODEL

The aims with the developed model are to provide a method that enables prediction of radionuclide
transfer and estimation of doses to various organism groups including man by simulating a
hypothetical release of 14C from the final repository for radioactive operational waste (SFR). SFR is
located in the bedrock, 50 meters under the seabed in a coastal area of the Baltic Sea
(Oregrundsgrepen, Sweden). In the repository one of the dose-dominant radionuclides is 14C of which
a considerable amount comes from spent ions-exchange filters from nuclear reactors. The maximum
permitted activity from the total 14C amount stored in the repository is 7,22x1012 Bq, which
corresponds to approximately 560 gC. About 90% of the 14C is inorganic while the rest is organic.

The model is based on the most important flows of carbon in the aquatic ecosystem above SFR and
was established by combining both biological and physical data from several studies conducted in the
area [compiled in 11] with the modelling software STELLA (5.0; High Performance Systems, Inc.).
The ecosystem was segmented into compartments, representing functional groups or other distinct
carbon pools, which were connected by carbon flows (e.g. production, respiration and consumption).
Water exchange in the area and a hypothetical release of I4C was also included in the model. The
model allows different simulations to be linked which gives an indication of what effects changes in
for example water exchange, accumulation routes as well as the time period for release of 14C would
have on the fate of the radionuclide.

By combining results from this study with models describing future changes in water exchange [12]
and shore-level displacement [13] in the area, it has also been possible to estimate the fate of a future
release from the repository.
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In the simulations any barriers in the repository or in the geosphere are disregarded and the entire
inventory of 14C is assumed to leak out from the repository during a period that can be varied in the
simulations. Moreover, the release is assumed to reach the biosphere as an inorganic and bioavailable
form of 14C, which is assumed to be assimilated and transported in the ecosystem similar to other
carbon isotopes.

3. RESULTS AND DISCUSSION

The surface of the modelled area is approximately 11,5 km2, the average water depth 10 meters and
the whole water volume in area is on an annual average exchanged every second day. The major
functional organism groups in the ecosystem are macrophytes (37% of the biomass) and benthic
macrofauna (36%), although the largest organic carbon pool is dissolved organic carbon, which is
more than one and a half times larger than the total biomass. The organisms in the modelled area are
self-sufficient on carbon, i.e. the primary production exceeds the consumption of biomass, which lead
to a net export of carbon, corresponding to approximately 50% of the annual primary production,
from the area. The most significant carbon flow is the sedimentation of detritus produced in the
phytobenthic community to the soft bottom community and further away from the area.

The results from model simulations that reflect the ecosystem described above indicate that a rather
small share of a hypothetical release of 14C from the repository would accumulate in biota in the area
due to the large water exchange. The results from a simulation of a release of all 14C in SFR, during a
period of thousand years, in the ecosystem above the repository with a water exchange similar to the
present and accumulation primarily via carbon fixation by the primary producers in the ecosystem are
shown in table I.

TABLE I. ABSORBED DOSE RATE (GY/YEAR) IN BIOTA AND EFFECTIVE DOSE
(MSV/YEAR) TO MAN IF CONSUMING CONTAMINATED BIOTA FROM THE AREA
(ACCORDING TO ASSUMPTIONS ABOVE).

Organism group
Benthic primary producers
Planktonic primary producers
Grazers
Zooplankton
Fish
Benthic fauna

Absorbed dose

(Gy/year)

6 • 10-2

2-10"4

6 • 10-2

2 - 10-4

1 • 10'2

4 • 10-2

Dose to man*

(mSv/year)

3 • 10"'

8- 10"4

3 • 10"'
8 • 10"4

6 • 10-2

2 • 10"'

* Dose to man if the consumed carbon during a year should solely come from the respective carbon source.

The concentration of 14C in the organism groups corresponds to approximately 12 Bq/gC in the
simulation described above. The highest levels are found in benthic primary producers and the
organisms feeding on them (45 Bq/gC), while lower levels are found in plankton (0,10 Bq/gC) and the
pelagic food web, e.g. fish (1,0 Bq/gC).

Humans consuming large quantities of contaminated food (e.g. fish, mussels and algae) from the area
would in worst case get an internal dose of up to 0,3 mSv/year. However, this is not very likely since
this estimated dose is based on the assumption that all consumed carbon during a whole year
originates from the contaminated area.

When comparing simulations with different assumptions for water exchange, accumulations route and
release duration, it is obvious that the water exchange is very important. A larger water exchange will
of cause dilute and export the radionuclide to larger extent than a smaller and further more the water
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exchange is particularly important for determining the amount of 14C accumulated by pelagic
organisms such as phytoplankton, zooplankton and fish.

Modelled future scenarios indicate however that fairly high concentrations will be found in biota if
the release occurs 2000 years or more from now. This future increased environmental risk from a
hypothetical release of 14C is caused by expected drastic changes in the water exchange due to land
rise.

The ecosystem approach proposed and used in this study can be used to estimate concentrations of
radionuclides in the environment. The results indicate that a release of 14C from SFR would lead to an
accumulation in animals and plants in the surrounding ecosystem, especially in the benthic organisms.
Advantages with this approach is among other things the possibility to omit unnecessary detail in the
model by including only the most important species and processes. Moreover, important but
previously neglected pathways to humans can be detected because the entire ecosystem is analysed.
This approach also makes it possible to distinguish between general processes valid for all
contaminants from element specific features, thus providing a general framework for the fate and
transport of many different contaminants.
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Abstract

The management of spent fuel and radioactive wastes differs considerably from the
management of other types of waste. The main difference of spent fuel and radioactive waste
management is the necessity of control and supervision over very long periods of time.
Various aspects relating to this issue are addressed.

1. FINAL DISPOSAL OF RADIOACTIVE MATERIALS -
ACTION WITH VAGUE CONSEQUENCES

Within the framework of international and national programmes, considerable efforts
are taken to predict, by simulation methods, the possible environmental consequences
associated with radionuclide dispersion from aged disposal sites. The outcomes of the model
forecasts have a very large degree of uncertainty when considering long time periods during
which climatic, demographic and other changes at disposal sites can occur. It must be
admitted that the final burial of spent fuel and long-lived radioactive wastes is an action, the
consequences of which can not be predicted with a sufficient degree of certainty. The modern
concept of sustainable development of mankind and safety of the biosphere recognizes as
highly undesirable any systematic environmental impacts, the consequences of which are
vague and potentially hazardous. Thus, the concept of final disposal of spent fuel and
radioactive wastes can not be adopted as the base policy in the management of spent
radioactive materials.

2. STORAGE OF SPENT FUEL WITH THE INTENTION OF SUBSEQUENT
REPROCESSING

Spent fuel possesses large power resources, which could be effectively utilized in the
future. From this statement it follows that:

storage of spent fuel should be organized in such a way that, if necessary, spent fuel could
be easily taken back from storage facilities (retrievable storage);

- it is preferable to store spent fuel in its natural form as concentrated material of known
structure and composition;
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- the immobilization of spent fuel by incorporating it into a glass or ceramic matrix is not
desirable, since this action transforms the valuable resource into useless waste, which will still
remain potentially harmful to the environment over long time periods;

- the existing radiochemical technologies of spent fuel reprocessing are not perfect,
resulting in considerable dispersion of radionuclides in the environment, whereas the output of
useful products is rather low;

- of good promise are new technologies of spent fuel reprocessing based on physical
principles (transmutation), which allow to change the total activity and the structure of spent
fuel.

3. FUEL COMPOSITIONS FOR FUTURE NUCLEAR POWER REACTORS

Up to now, special attention in designing nuclear reactors has been given to economic
characteristics of fuel, and capabilities of producing particular radionuclides. The problem of
the spent fuel management was not specially analyzed, since it was assumed that the quantity
of spent fuel is small and therefore its storage presents no difficulty. In the development of
new fuel compositions for nuclear reactors it is necessary to select those compositions, which
do not contain especially harmful radionuclides, and also permit the easy recycling of spent
fuel with minimum damage to the environment and humans.

4. MANAGEMENT OF RADIOACTIVE WASTES

In addition to spent fuel, some radioactive wastes of a heterogeneous structure are
generated in nuclear technologies, which practically can not be used for producing any useful
nuclear materials. Experience in radiation monitoring demonstrates that the practice of
radionuclide dispersion in the environment is harmful, since it leads to contamination of large
areas, accumulation of radionuclides in particular components of ecosystems, and
considerable collective radiation doses. The dispersion of radionuclides in the environment is
an action with irreversible consequences, i.e. it is unacceptable from the standpoint of
sustainable development of mankind. It is necessary to treat the radioactive wastes in order to
reduce their volume and the content of non-radioactive waste constituents, and then
immobilize them by bitumenizing, vitrifying, etc.

Finally, it should be to noted that in the management of spent fuel and radioactive
wastes it is necessary to adhere to the principle of conservatism and, if possible, avoid actions
with vague or irreversible consequences. The management of spent fuel and radioactive
wastes is a relatively new branch of technology, and experience in this field is gained by trial
and error. Therefore it is extremely important to have a possibility to correct errors without
serious consequences for the environment and humans.
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Abstract

There are six nuclear power units in operation in Bulgaria. Over 2000 sites use sources of
ionizing radiation. NPP radioactive waste is stored on-site and the institutional waste was
disposed of at the Novi han repository until 1994. Bulgaria signed the Joint Convention in
1998 and is to ratify it until the end of 1999. A plan on preparation of the country for the
obligations following the forthcoming ratification was developed and has been implemented.
A National Strategy on SNF and RAW was developed, as well as a Comprehensive Legislative
Programme in this field. Emphasis is put on the strengthening the regulatory body,
improvement of the supervision and control activities.

1. INTRODUCTION

At present Bulgaria has been operating six WWER reactors at the Kozloduy NPP, has
temporarily shut-down a research reactor (IRT-2 MW), and is using sources of ionizing radiation
(SIR) at over 2000 sites The NPP radioactive waste (RAW) have temporarily been stored on-site
and the institutional RAW were disposed of at the Novi han repository, that was temporarily
closed in 1994. A new RAW Treatment Plant and a new storage facility for low and intermediate
level waste (LILW) are to be commissioned in 2000 at the Kozloduy NPP site. A National RAW
disposal facility is also envisaged to be constructed in the near future.

2. LEGISLATIVE FRAMEWORK

Bulgaria signed the Joint Convention on the Safety of Spent Fuel (SF) Management and on
the Safety of RAW Management in September 1998. At the end of 1998 Bulgaria developed a
plan with specific measures aiming at achievement of compliance with the obligations following
the forthcoming ratification of the Joint Convention (e.g. development of a National Strategy on
the Safe Management of SNF and RAW, updating of the national legislative framework, etc.).

2.1 National Strategy on SNF and RAW Management

The National Strategy was developed in 1998 and is under revision by the competent
authorities, but there are still questions to be resolved, i.e.:

1) medium-term and long-term management of the SNF;

256



2) management of HLW generated as a result of the decommissioning of the nuclear power
units and the reprocessing of the SNF in Russia;

3) management of HLW generated in the industry, medicine, etc.;

4) development of financial plans for the siting, design, and construction of the National RAW
disposal facility.

Periodical updating of the National strategy is envisaged as it covers short-term and medium-
term measures in this field (up to 2010).

2,2 Comprehensive Legislative Programme on SNF and RAW Management

Bulgaria has recently developed a Comprehensive Programme on the Safe Management of
SNF and RAW. The draft was revised by all competent authorities and is to be approved by the
Council of Ministers until the end of 1999. It is expected to be accomplished until 2001 and
includes the following normative acts:

- Act on the Ratification of the Joint Convention on the Safety of Spent Fuel Management and
on the Safety of Radioactive Waste Management;

- Act on Ratification of the Additional Protocol to the Agreement of the Republic of Bulgaria
and the International Atomic Energy on the Application of the Safeguards in Relation to the
Non-Proliferation Treaty;

- Act on the Safe Use of Nuclear Energy;

- Regulation on Amendment and Supplement of the CUAEPP Regulation No. 4 on Account
for, Storage and Transport of Nuclear Material (Promulgated Official Journal No. 66 of 1988,
amended OJ. No. 83 of 1993);

- Regulation on Amendment and Supplement of the CUAEPP Regulation 7 on Collection,
Keeping, Treatment, Storage, Transport and Disposal of Radioactive Waste on the Territory
of the Republic of Bulgaria (OJ. No. 8 of 1992);

- Regulation on Safety of Spent Nuclear Fuel and Radioactive Waste Facilities;

- Regulation on Amendment and Supplement of the CUAEPP Regulation No. 5 on Issuance of
Licenses on the Use of Atomic Energy (OJ. No. 13 of 1989, amended and supplemented O J .
No. 37 of 1993).

The main concern in this field is the correspondence between the IAEA recommendations
and standards and the EU legislation (acquis communitaire), as the amendment of the national
legislation aims at adoption of acquis and compliance with the internationally accepted standards
and recommendations.

2.3 Important Aspects

RAW disposal facilities are not considered as nuclear facilities according to the current
Bulgarian legislation in force. The ratification of the Convention will lead to significant efforts
towards achievement of compliance of these facilities with the safety requirements on nuclear
facilities.

Biological hazards have not been assessed in particular up to now and were not legally
binding except for the performance of an Environmental Impact Assessment (ElA). The key
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issue in this area is related more to what kind of species the hazards have to address, as it is a
general requirement of the Joint Convention.

Consultation with Contracting Parties in case of a construction of a SNF or RAW facility is
a question that will most probably require exchange of a lot of information, so the relevant Party
to be able to make its own assessment. This activity is in principal overlapping the mandatory
required report to the European Commission in compliance with the Article 37 of the
EURATOM Treaty and the related Recommendation 91/4/Euratom.

The transboundary movement of RAW is an important aspect to be considered, as
according to the current legislation, waste produced outside the country are no allowed to be
transported on the territory of Bulgaria. This issue is expected to be addressed in the revised
version of the National Strategy and the forthcoming amendment of the national legislation in
this area. The main emphasis will be put on the adoption of the IAEA recommendations on safe
transport of RAW, as well as the provisions of the Directive 92/3/EURATOM, and Council
Decision 93/552.

The requirement of the Joint Convention on development of decommissioning plans at the
design stage of the RAW facilities is to be well considered, as according to the current national
legislation such plans for decommissioning of nuclear facilities have to be developed 5 years
before the activity is to start.

Public information on the safety of RAW and SNF facilities remains one of the key issues
to be further developed in the field of RAW management in Bulgaria. Strong effort has to be put
on the preparation and presentation of the safety related information to the public in an
understandable and friendly way. There is still insufficient experience in the field of
communication with the individuals from the population, except on Environmental Impact
Assessment activities.

In general the envisaged licensing and commissioning of the new treatment plant for low
and intermediate level waste at the Kozloduy NPP and the Novi han repository will be performed
simultaneously with the amendment of the national legislation in this field.

3. REGULATORY FRAMEWORK

3.1 Regulatory Body

During the last few years Bulgaria has put emphasis on maintaining a strong and
independent regulatory body in the field of nuclear safety and radiation protection. The most
important measures aiming at strengthening the regulatory activities are the following:

transformation of the CUAEPP into a State Atomic Energy Agency and establishment of
an effective administrative structure of the regulatory body;

legal definition of the financing of the regulatory body through a planned complex
financial mechanism (state budget and taxes) and increase of the salaries of the CUAEPP
personnel;

reduction of the regulatory body's functions to those related to the regulation and control
over nuclear safety and radiation protection and coordination of the international cooperation in
this field;

increase of the number of the CUAEPP personnel by 14 people.
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Clear allocation of the responsibilities of the bodies involved in the RAW management is
expected to be achieved by establishing the National RAW Agency in 2000. The RAW
management aagency is foreseen to operate the disposal facilities, propose waste acceptance
criteria, transport RAW from the producer to the disposal sites, be responsible for the national
RAW inventory, for the safety assessment of the repositories, environmental impact assessment,
development and implementation of a programme on construction of a National RAW disposal
facility, etc. On establishing this state organization separation of the responsibilities between
producers, the body responsible for RAW management and regulatory authorities is expected to
be achieved. It applies mainly to the Bulgarian Academy of Science (BAS) as now it is a
producer of RAW, as well as the operator of the Novi han RAW repository.

3.2 Safety Assessment

Safety assessment is an essential factor for the decision making of the SNF and RAW
facilities' future. In particular it applies to the Novi han repository where about 25 000 Ci were
disposed of for the last 30 years of operation. The BNSA is planning a new regulation where the
minimum institutional control period (active and passive) required, the dose constraint, the
minimum evaluation period, etc. will be defined. The normative act envisages the general
requirements on the safety analysis reports, such as description of the methodology used,
features, events, processes, scenario generation, mathematical and computer codes (justification
and verification) and confidence building as well. On the enforcement of this regulation re-
assessment of the safety of the existing SNF and RAW facilities has to be carried out according
to the Council of Ministers decision No. 539 of 9th October 1998. Based on the results obtained
the future of these facilities will be decided.

3.3 Emergency Plans

At present there are on-site and off-site emergency plans for the nuclear installations in
Bulgaria. As the RAW disposal facilities are not considered as nuclear facilities an on-site
emergency plan exists for the Novi han repository, that is under revision at present. The CUAPP
is working on the elaboration of emergency plan, of the new LILW treatment facility. What is
planned to be achieved is to harmonize the emergency plans of all RAW facilities in Bulgaria
and in parallel update the National Emergency Plan and the draft Act on Crises Management.
This will be performed in compliance with the new CUAEPP Regulation of April 1999 on
Emergency Planning and Preparedness for an Action in Case of an Incident. Frequent (e.g. once
per year) training and on-site and off-site exercise will be required.

3.4 National Inventory

Since the end of 1998 the CUAEPP has been working on the development of a national
inventory of SNF and RAW. The purpose of the activity is to obtain comprehensive information
on the generated RAW and SNF at the nuclear facilities and non-nuclear facilities. The BNSA
will establish the electronic database on the National inventory until the end of 1999, then the
Inspectorate will revise the data until July 2000 and the final version will be developed in the
second half of 2000. The inventory is planned to be periodically updated. That will enable the
development of a more realistic overview of the tendencies and the RAW and SNF arising and
volumes expected to be disposed of. At the same time the improvement of the control regime is
underway by upgrading of the ISUAE database that is planned to be accomplished until the end
of 1999. This will cover improvement of the existing ionising sources' database, elaboration of a
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new RAW database, licenses database, penalty acts database, monitoring database, incidents and
events database, inspections database and a prescriptions database. This measure aims at
strengthening the control over the use of ionising sources, production of RAW, and the
subsequent steps of the SNF and RAW management (collection, transport, treatment, storage and
disposal).

3.5 Spent Sealed Sources

The safe management of the spent sealed sources (SSS) in Bulgaria is of high priority at
present, as the only repository for institutional RAW has been stopped from operation since 1994
and likely to be commissioned in 2000. The only long-term storage facility (gamma-well) at the
Novi han site is completely full. Different options for solution of this problem are considered.
One of them is the test and direct reuse for the same or other purposes, or after repackaging of
the sources, if necessary. The re-use of SSS is not addressed in the legislation in force. This is an
important aspect that has to be carefully reviewed and a decision to be taken during the
amendment of the current legislation.

3.6 Quality Assurance
The quality assurance during RAW management is an important factor for ensuring safety

and protection of the public and the environment. In particular the development of an effective
and comprehensive QA system on treatment of liquid and solid NPP waste is a main short-term
task in this field. The changes that took place recently in the national standardization lead to the
change of the status of the Bulgarian State Standards from legally binding to recommending
ones. All these factors have to be taken into account, together with the parallel review of the ISO
standards and the IAEA recommendation on QA during RAW management that are being
performed.

4. CONCLUSIONS

Bulgaria acknowledges the strong need of international consensus on the global policy of
RAW worldwide, and so supports the objectives of the Joint Convention. This could be achieved
by definite efforts at all national levels and if needed at regional levels. But in any case the strong
will and responsible attitude towards the future generations should be present during the decision
making process.
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Abstract

This paper presents a screening model based on the solution of the transport equation in order
to determine the radionuclides of importance for the safety assessment of a repository
identifying those who have maximum impact on man taking into consideration the main
hydrodynamic parameters and a water pathway.

1. THE SCREENING MODEL

The necessity of using predictive models to assess potential radiological consequences
in safety assessments is well recognised [1] and can be divided in two complementary types:
(i) detailed research models and (ii) simplified system models. The first type is used to
evaluate design and engineering options and to provide a defensible basis for excluding
processes not important to safety in the simplified system models. Simplified systems models
may be used to conduct a more robust analysis once that the scenarios, models and data are
chosen conservatively simplifying the discussion of some uncertainties related to the system
and avoiding the necessity of extensive quantities of data.

A robust model or screening model can be developed considering that one of the main
scenarios for the prediction of the impact of a near surface repository is related with the water
pathway. In order to determine the most important radionuclides for a more detailed analysis
including the acquisition of data, a conservative assessment can be done considering the
following assumptions: (i) someone will dig a well and use the water for consumption at the
border of the repository; (ii) a simple trench neglecting the unsaturated zone thickness bellow
the repository as well as the cover properties, waste form, etc.; (iii) all radionuclides would be
leached by the water infiltration (water balance at the top of the trench or conservative equal
to the rainfall) and (iv) unidimensional solution of the transport equation in the aquifer
supposing a constant injection.

2. DEVELOPMENT OF THE MODEL

The initial activity Aw(i,0) of the radionuclide (i) in the water phase inside the trench
can be calculated considering the adsorption coefficient of the backfill for each radionuclide
as follows:
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Aw(i,O)= 4oO\O) x v x at/[v xat + volx px(l-s)x kdb(i)]

where:

(i) is the adsorption coefficient for radionuclide i in the backfill in cm3/g;
Ao(i,O) is the initial activity of radionuclide in the waste in Ci;
vol is the volume of the trench in cm3;
p is the density of the waste in g/cm3;
s is the porosity of the trench = volume of voids /total volume;
v is the year rainfall in cm/y;
at is the area of the trench in cm2;

Finally the concentration of radionuclide i in the water table, just bellow the trench in
the first year Cw(i,0) can be calculated taking into consideration the initial activity of
radionuclide i in the water phase Aw(i,0) and the water table flow rate (wtfr) in cm3/y as
follows:

Cw(i,O)=Aw(i,O)/wtfr=Co (i)

The concentration in the aquifer Ci (Zi, x ) as a function of time (T) and distance (Zi)
from the trench can be calculated conservatively supposing a constant injection each year, for
each radionuclide given by Co (i).

So, the problem is to solve the transport equation [2], that can be written in the
adimensional form as follows:

' dZ\ ' dZ u A l ' y Jdx ' dZ\ ' dZx

where:
Ai= 1/Ki
Kj is the retention factor in the aquifer for the radionuclide i, given by Kj=l+pa x kd(i)/sa

k<i(i) is the adsorption coefficient for the aquifer for radionuclide i, in cm3 /g;
pa is the aquifer density in g/cm3;
sa is the aquifer porosity;
CTI= (L x VO / (D x KO

L is the well distance from the trench in cm;
D is the dispersion coefficient of the aquifer in cm2/s;
Vi is the velocity of the radionuclide i in the aquifer in cm/s;
yi =h x L2/D
and X\ is the decay constant of the radionuclide i in 1/s

with the following initial condition:
C,(Z,,0) = 0 (l-b)
and boundary conditions:

262



The solution of the equation (La) can be obtained using integral transform methods [3]
dividing in two functions as shown bellow:

Cx(Z,,x) = Cm(Zx,x) + CQn{Zx) (2)

Where the first right side term of the equation above is a homogeneous solution and the
second right side, a particular solution resulting in two problems as follows:

(a) Particular Problem

q dCQPl(Zx) y

A~^x ^ C ^ ( Z 0 = ° (3-a)
• "CQn (I , ) (>iu~\

O > ^ = 0 (3.b,c)

It is a simple solution given by:

U
(3.d)

Where:

(3-e,f)

(b) Homogeneous Problem

acff,(z,,T) ( ,
C7Z]

(4.b)

(4.c,d)

For the solution of the equation above an auxiliary eingenvalue diffusion problem will
be used as follows:

(5.b,c)

With leads to the following solution:
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(5.d-g)

Using the orthogonality property of eigenfunction, the integral transform pair may be defined
by:

(Transform) (6.a)

Cm{Z} ,T) = £ V , ( Z , ) C ; U ( T ) (Inverse) (6.b)

The equation (4) is transformed in an ordinary differential equation system, applying the
i

operator J \\ii dZx and using the transformation pair (6):
o

dC~ °°
- j ^ = " A P • Cm -cX F l , Cmj - y, Cmi (7)

In the same form, the transfomed initial condition is obtained to be:

(8)

For the system above, a computer code was developed in FORTRAN 77 language, the
solution is carried out numerically and the convergence is verified step by step.
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Abstract

The paper describes the main objectives and status of the radioactive management at the
Nuclear Engineering Institute (IEN).

1. INTRODUCTION

The Nuclear Engineering Institute (IEN) has received radioactive wastes generated in Rio
de Janeiro and Espirito Santo States at its own legal responsibility. But from July 1997 to
June 1999 IEN was not able to receive wastes because of the lack of space in the temporary
repository. Recent studies show that increasing the treatment facilities could contribute to
optimize the disposal of wastes. According to resolutions by the National Commission of
Nuclear Energy [1], IEN was several times requested to discard lightning rods containing Am-
241 and Ra-226. This fact motivated IEN to look for options to make the receiving of wastes
possible until a new deposit were built. A temporary place was prepared and, since July 1999,
it has been receiving wastes again, hi the following, the current structure of radioactive waste
management at IEN, its objectives and goals to be reached until December 2000 are described.

2. ORIGIN OF RADIOACTIVE WASTES

The wastes generated at IEN are generally low level radioactive liquid wastes,
compressible or incompressible materials. They result from operations and maintenance of
the CV-28 cyclotron and research reactor, chemistry laboratories and radiological protection
activities. Other wastes are received from the industry, applications in medicine and research
activities. In Table 1, examples of sealed sources accepted are presented together with some
related information.

Besides the sources, there are the radioactive lightning rods containing Am-241 and
Ra-226 sources which actually are the main kind of radioactive wastes accepted. These
radioactive lightning rods were manufactured in Brazil from 1970 to 1989, totalling nearly
75,000 assembled parts [2]. From those one can consider that only 10,000 parts have already
been received by CNEN's institutes until July 1999. Because of that, we expect that the
quantity of this kind of waste will increase in the next years.
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3. THE TREATMENT AND STORAGE OF RADIOACTIVE WASTE AREA

EEN has got a small deposit for temporary storage of wastes, whose capacity is
approximately 230 m3. This deposit is now out of capacity. To accomplish all the
disassembling of lightning rods, treatment of liquid wastes, compressible and incompressible
materials, IEN has a laboratory and a hydraulic press room, totalling an area of 53 m2 .

In view of the legal obligation of receiving the wastes generated in Rio de Janeiro and
Espirito Santo States, a place was provisionally prepared to store wastes until the new deposit
has been built and has been authorized to start operating. Besides, in an attempt to improve
the conditions of waste disposal, a system is being implemented to manage the disassembling
of lightning rods. The Figure 1 presents a comparison among the volumes of the principal
kind of wastes received from July to September 1999.

All water with the possibility of being contaminated, resulting from the laboratories of
the cyclotron, waste treatment and the Argonaut reactor, is drained to five hold-up tanks with
a medium capacity of 2.5 m3 each. Periodically, spectrometry analysis is accomplished to
verify and quantify any contamination.. According to results obtained, the radiological
protection service evaluates the possibility of release or treatment, as is necessary [3].

4. RADIOACTIVE WASTE MANAGEMENT

The solid wastes generated at IEN are segregated in their area of origin. Individuals
are trained to maintain a selective collection for radioactive and common wastes. For solid
wastes there are still additional selection criteria: half-live and state (compressible or
incompressible).

The compressible materials are composed of disposable material, such as gloves,
overshoes and papers. They are collected periodically in plastic bags for the waste team.
These bags are compacted later in a hydraulic press of 128 N.m'2, adapted to operate with
drums of 200 1. Wastes composed of radionuclides with similar half-lives are placed in the
same drum. After packaging, the drums are identified and stored in the deposit. Due to the
lack of appropriate facilities, the non-compressible materials and sealed sources, generated at
or received by IEN, are not being packed. For this reason, only the withdrawal, monitoring
and storage of the wastes in drums of 200 1 is accomplished. The drums (steel) are
standardized, covered inside by an epoxy layer and painted outside with a yellow paint.

Low level radioactive liquid wastes are constantly generated in recovering laboratories.
They are picked-up in barrels of 20 1, plastic or glass, depending on the chemical
characteristics of the wastes. When the waste is inorganic liquid, the volume is reduced by
evaporation processes and chemical precipitation. Those procedures are still being
accomplished at small scale, however a project for construction of a pilot plant for treatment
of inorganic liquid wastes is in development. The supernatant is analyzed by gamma
spectrometry for disposition in sanitary sewer or new treatment. The precipitates formed are
dried and later conditioned in plastic barrels for provisional storage, until the infrastructure is
ready to implement the packaging procedures. The organic liquid wastes received by and
generated at EEN are small and methods were therefore not yet developed for the treatment of
this kind of wastes.
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TABLE 1. EXAMPLE OF SEALED SOURCES RECEIVED BY IEN

Radionuclide Activity half-lived the main applications

(Bq) (s)

85Kr 3.7 10s 3.4 10s

90Sr 7.4 105 9.0 108

industry

betatherapy and industry

60,Co 3.7 10 1.7 10 radiotherapy and industrial radiography

204.TI 1.9 106 1.2 108

137,Cs 7.4 109 9.5 107

241Am 9.3 1010 1.4 1010

226Ra 1.0 10s 5.0 1010

industry and therapy

radiotherapy

lightning rods

industrial radiography

Obs.: one year = 3.11 107s.

Size of the main received wastes

o

5

smoke detection ff
1 I

sealed sources ^ ^ ^ ^

lightning-nxi ^ ^ ^ ^
1
i

• •
0 0.2 0.4 0.6 0.8 I 1.2 1.4

Figure I. Size of main wastes received by IEN.
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5. CONCLUSIONS

hi view of the current structure, IEN is concentrating efforts on the implementation of the
lightning rod treatment [4] in order to minimize their large volume. In this way it will be
possible to increase available space in the existent repository until construction and licensing
of new facilities are completed. It develops techniques for the packaging of incompressible
solid wastes and of precipitates generated in the treatment of inorganic liquid wastes. Finally,
a pilot plant for the treatment of low level radioactive inorganic liquid wastes will make it
possible to manage the liquid wastes generated in IEN in a more economic way.
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Abstract

Problems related to the handling, treatment, packaging, storage, transportation, and disposal of
radioactive wastes (radwastes) are very important and the responsibility for the safe
management of radioactive wastes for the protection of human health and the environment has
long been recognized. Safety and public welfare are to be considered within the radioactive
waste management, particularly in the field of transportation because of the potential risk that
it could pose to the public and to the environment. The IAEA regulations ensure safety in the
transport of Radioactive Materials (RAM) by laying down detailed requirements, appropriate
to the degree of hazard represented by the respective material, taking into account its form and
quantity. Risk assessment provides a basis for routing radwastes and developing mitigation
plans, prioritizing initiatives and enacting legislation to protect human beings and the
environment. Factors such as shipment cost, distance, population exposed, environmental
impacts or sensitivity, time in transit and infrastructure related issues, could be included in the
terms of safety and risk. The paper presents risk assessment activities aimed to evaluate risk
categories and the radiological consequences that may arise during normal (accident free)
transport and those resulting from transport accidents involving waste shipments in Romania.

1. A SURVEY OF RADIOACTIVE WASTE TRANSPORT IN ROMANIA

Since 1985, low specific activity radwastes from Romania have been transported
[1,2,3] by either road or rail and stored at the disposal site, BAITA. The quantities transported
in the past four years are shown in Table 1:

Table 1
Year

INR Pitesti (No. of packages), all by road
IAP Bucharest, all by rail

1995
140
438

1996
126
520

1997
98

238

1998
42

218

Figure 1 shows the routes for carrying the radwastes to the disposal center, in Romania.
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THE TRANSPORTATION ROUTES OF RADIOACTIVE MATERIALS (RAM), IN
ROMANIA

LEGEND: Transport of RAM by Road - • — — « _
Transport of RAM by Rail- «•» M «...
Transport of RAM by Sea - —-—-»—_—__

FIG. 1. Routes to the disposal site at Baita

The radwastes are generated by nuclear facilities [2] at the Institute for Nuclear Research
(INR) Pitesti, NPS CANDU Cernavoda and the Institute of Atomic Physics (LAP) Bucharest.
The capacity of the disposal is about 6,000 cubic meters, i.e. 25,000 drums of 220 liters each.
The transport of radwastes is performed under the authority of the National Commission for
Nuclear Activities Control (NCNAC).

2. THE EVALUATION OF RISK AND SAFETY IN RADWASTES TRANSPORT IN
ROMANIA

2.1 Evaluation of risk and safety in radwaste transport, by road

The assessment considers the decision to undertake the movements [3,4]. It is necessary
to make this assumption for the purpose of this assessment. Briefly, a package [5] consists of
a packaging and its radioactive contents [2,3,4] which is defined as a RAM which consists of
one or more isotopes each in a specified physical-chemical form. The evaluation of risk and
safety in radwastes transport, by road have been evaluated in two ways: a), for normal
transport (accident free transport), and b) for transport accidents.
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To determine the probabilities and collective doses for normal transport, the input data
required by the IAEA INTERTRANII computer code have been used. The IAEA regulation
limit of O.lmSvh"1 at 2m from the vehicle, assumed to be effectively 2m from the package
surface, is applied to all package movements. The entire shipment was treated as an effective
single package and given that the shipment dose rate is properly estimated, produces a better
estimate of incident free doses. The collective doses assessed are[6,7]:

dose to public alongside route: 0.75 x10'3 person. Sv/yr
dose to public during stops: 1,12x1 &6person. Sv/yr
dose to package truck crew: lx 10'3 person. Sv/yr
dose to public sharing route: 0.3x10~4 person. Sv/yr

The total annual collective dose to members of the public is 0.78x10~3 person. Sv and can be
compared with naturally occurring sources of cosmic radiation which in Romania [7, 8] give
SxlO^Sv.d"1. The total annual collective to members of the public is 0.78x10'3 person. Sv and
can be compared with naturally occurring sources of cosmic radiation which in Romania is 5/J
Sv/d or 1.825 mSv/yr/person. The additional collective dose due to package movements is an
insignificant percentage over natural background level. The annual collective dose to a
member of the public corresponds to 0.34x10'4 expected fatalities per year due to routine
transport. The individual dose is 0,22 pS/yr and the associated latent cancer fatality risk is
1.2xlO'8/yr. For a person exposed in a traffic jam, the individual dose is 10 u-S/yr
corresponding to a latent cancer fatality risk of lxlO~7/yr.

2.2 Quantification of accident severity

It is possible to postulate accidents which could compromise the containment or
shielding performance of the package (proved by mechanical testing) [6-8]. The accident risk
analysis model used for transport of radioactive wastes is shown in Figure 2:

Standard drum Risk model
(transport)

I
Population

density

Package
release model

J
Radiological.

risks

Health effect
model

FIG. 2. The accident risk analysis model of radwaste transport.

A risk assessment of radwaste transport hazards for the route Bucharest - Baita was
carried out. Hazards were divided into impact and fire hazards. The accident scenarios [7]
defined for this assessment are: impact on bridge support, collision with second road vehicle,
collision with other truck vehicle or bus, collision with a train at level crossing and collision
with train on railway adjacent to route. For the estimation of potential accident probabilities
with radiological consequences, road transport accident information has been used. The
accident probabilities determined are: M-way (3.5 x 10"6/(vehicle km), N-roads (2.32 x 10'
5/(vehicle km), other roads (4.35x10"6/(vehicle km). For fire accidents, the probability of
ignition is 0.033, and the probability per year is 0.017; the probability that a truck to be
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involved in a collision with a tanker carrying petroleum was estimated at 2-5x10"u/truck km.
In view of the small number of incidents the larger value is taken for this assessment. There
were 75 rail level crossing accidents in Romania in 1996. The average probability was
estimated at 1.83xlO'9/(vehicle km). The determined road accident probabilities are:
probability of impact only: 0.53x10'5/(package journey); probability of impact and fire:
1.43x10"1'/(package journey). For 10 shipments per year, the accident frequencies are: a)
probability of impact only: 5.7x10"5/year; b) probability of impact and fire: 1.43xl0'I0/year. It
is also assumed that, following packaging failure, the content may become available for
dispersion in the air. Two impact release possibilities were taken into consideration: a) for
low wind speed condition; b) for high wind speed condition. The fraction of solid material
released from the package is recommended to be taken at the value of 10"3. For an impact in
low speed conditions, the package release fraction is taken to be 4xlO"6 and for an impact in
high speed conditions, the fraction taken is 10"4'

2.3 Risk assessment associated with waste transport by rail

The low level radioactive wastes are immobilized in a bituminous matrix [2, 5] and filled,
with concrete, into 220 liters stainless steel drum. The quantity and some selected
characteristics of the wastes are given below: a) Cumulative number of waste transport: 1699,
b) Cumulative number of rail car required for Waste Transportation: 6, c) Total Activity
Inventory (TBq): 0.5, d) Nominal Transport Container -dose rate (mSv/h: surface: < 0.2; at
lm from container: <0.01; at 2m from container: negligible. This rail route covers 764 Km
from Bucharest to Stei (see figure no.l). There is a single wagon with a capacity of 72
standard packages of 220 1 in volume. Road transportation is limited to a small fraction
(about 30 Km) of the journey, between Stei town and Baita (National Repository) where the
packages are transported by truck. In the period of 1994 to 1998, 1699 packages were
transported by rail to Baita, which means an average of 425 packages/y (6 shipments/y).
Transport and handling accidents may occur and pose a risk for human beings and the
environment. Particularly, members of the public may eventually be exposed via a number of
pathways to radiation from material that might be released into the environment subsequent to
an accident. The magnitude of such a release and the related frequency of occurrence depends
on a number of factors including the type and volume of waste being transported and the
severity and frequency of accidental events such as a collision, rail derailment, striking an
object, vehicle derailment, etc. Because the occurrence of such accidents is statistical in
nature, a probability risk assessment has been adopted in order to quantify the potential
radiological consequences and the expected probability of occurrence of such accidental
sequences. The type and frequency of transport, accidents including low and high
consequence events were analyzed. The risk assessment method adopted in order to quantify
the potential radiological consequences [8] and the expected probability of such accidental
sequence includes steps such as:
• characterization of the type and quantity of waste shipments;
• determination, selection and description of the type, severity and probability of occurrence

of transport and handling accidents;
• assessment of transport packaging and waste to specific mechanical impact and release

fraction;
• estimation of radioactive release and frequency of occurrence taking into account the

shipping patterns and the accident severity;
• assessment of potential radiological consequences for the spectrum of wealth condition

encountered along the rail transport route.
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From the available Romanian Railways database, rail accidents are classified on the basis
of the rail gauge and the type of train (passenger or goods). For the calculation of the accident
risks for this assessment, an accident rate of about lxlO"6 train.km was assumed to be most
representative. The train consists of about 12 wagons. Based on this adopted method, 9
severity categories were taken into consideration, representing the accidental load conditions
to a type A package: 3 mechanical and 6 combined-mechanical and thermal. Rail accident
involves: impact between train and road vehicles, derailment, collision between trains and
fire. The accident database does not classify rail accidents with negligible mechanical impacts
to the packages. For the mechanical impact load conditions experienced by a package based
on the train velocity prior to the accident event, three severity levels were defined to describe
these events: <40Krn/h, 40 to 80Km/h, >80Km/h. The potential thermal impacts includes: a
fully engulfing 30 minute at approx. 800° C, a fully engulfing 60 minute at approx. 800° C
fire. The predefined severity categories were analyzed assuming a relative frequency for
mechanical-only accident was determined to be 93%, of combined mechanical 5% and of fire
engulfing 2%. The are several kinds of operations contributing to the overall risk: rail
transport, road transport, marshalling yard operations and rail/road transfer activities. It has
been concluded that the transportation by rail over a distance of 764 Km represents the most
dominant risk contributor. The risk assessment results presented it referring to the total
volume of waste transport containers with bituminous wastes within the period 1985 -1998.

Radiological impacts from routine waste rail transportation [8]: the container dose rate has
conservatively been assumed to be on the order of 0.2mSv/h at lm from the container surface.
The computer code INTERTRAN 2 has been used to determine the collective dose and the
results are as follows: Crew: 1.57xlO'2 person. Sv/yr; Public: 2.39x10"2 person. Sv/yr. Total:
3.96x10*2 person. Sv/yr. It is to be noted that for members of the public, the radiological
impacts were calculated along the shipping route (performing the dose calculation over a
distance of 800 m on each side), and during stop time. Professional exposures concerning
crew of train and the personnel of the loading, a total collective dose of 0.01 person. Sv/yr has
been estimated, at each loading terminal. Radioactivity releases are not expected to occur in
close proximity of an accident site (at a probability level as low as 10"7, i. e. a chance of 1 in
10 million for the total volume of bituminous waste). If expressed as probability per year, the
corresponding value would be well below 10'8 per year. The potential radiological
consequences decline rapidly with distance from the accident site, and consequently, the
potentially adverse consequences of transport accidents are generally limited to the area in
close proximity of the accident site.

3. CONCLUSIONS

This safety assessment gives the accident probabilities and the frequency of accidents in case
of different scenarios assumed. The radiological risk in RAM transportation in Romania
results primarily from routine and accident exposure associated with the transport process,
expected fatalities representing an insignificant increase over natural background dose. The
absolute risk associated with RAM transport is generally lower than for other hazardous
(dangerous) materials. It is concluded, on the basis of the best estimation of these accident
probabilities, that the proposed RAM transport both by road and by rail is safe and would
have an acceptably low societal and individual expected risk value.
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Abstract

The Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management was signed on 29 September 1997 on behalf of the Ukraine at
the forty first session of the General Conference of the International Atomic Energy Agency
(IAEA) In this connection, the development of the legal and regulatory framework for nuclear
and radiation safety in the Ukraine is described and related programmes are outlined.

1. INTRODUCTION

The Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management (hereinafter referred to as the Joint Convention) was signed
on behalf of the Ukraine at the forty first session of General Conference of the International
Atomic Energy Agency (IAEA) in Vienna on September 29,1997. Activities in the waste and
spent fuel management field are of great importance for the Ukraine, taking into account the
enormous volumes of spent fuel and radioactive wastes which have resulted from both the
operation of five nuclear power plants and the 1986 Chernobyl accident. All these activities
involve broad international co-operation, so that implementation of international instruments
to regulate the waste and spent fuel safety is considered to be a very important factor This
makes the ratification of the Joint Convention not only unavoidable but highly desirable, of a
Convention which is intended to promote the implementation of internationally recognized
principles and develop international co-operation for the achievement and support of the high
safety level of spent nuclear fuel and radioactive waste management.

2. RATIFICATION WITHIN THE NATIONAL FRAMEWORK

In accordance with Art.7 of the Law of Ukraine "On International Agreements of
Ukraine" the Joint Convention is to be submitted by the President of the Ukraine to the
Supreme Soviet of Ukraine for ratification. The ratification of the Joint Convention will
confirm the willingness of the Ukraine to support internationally recognized principles of
nuclear and waste safety and to participate in the creation of an international framework to
enhance safety of waste and spent fuel management.
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At the preparatory stage, competent national authorities with the participation of
experts from Western European countries and the USA reviewed the national legislation and
regulations and found that the Ukraine has a well-developed legal framework for nuclear and
radiation safety. The Laws of the Ukraine "On Nuclear Energy Use and Radiation Safety",
"On Radioactive Waste Management", "On Man Protection from Ionizing Radiation Impact"
have already been put into force. In January 1998 the new Norms of Radiation Safety of
Ukraine (NRBU-97) were published, which are based on the International Basic Safety
Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources.

It has to be pointed out that filling the gaps in the regulatory framework concerning
safety of waste and spent fuel management had been considered by the regulatory body as a
high priority task since 1992, and that this task is nearing completion. However, for the next
period a new task is scheduled, aiming at a comprehensive review and revision of the waste
and spent fuel safety regulations, taking into account new IAEA safety standards.

2. PROGRAMMES AND ACTIVITIES

The complex programme of radioactive waste management had been developed and
approved by the Cabinet of Ministers of Ukraine in 1996. Its implementation is monitored by
the Co-ordination Council under the auspices of the regulatory body (State Nuclear
Regulatory Administration). The Programme was revised and amended in 1999.

A comprehensive inventory of radioactive wastes was performed in the Ukraine under
the auspices of the Minister of Energy and Minister of Emergency Situations in 1999 and data
processing is being completed for handing over to the State Registry of Radioactive Waste
and the State Inventory of Radioactive Waste Storage Facilities.

The State Programme for Spent Nuclear Fuel Management at Nuclear Power Plants,
developed in close co-operation between national competent authorities and the utility, is in
the final stage of approval.

It should be noted, that the Ukraine has already taken the commitment to fulfill the
main provisions of the Joint Convention as a result of an earlier ratification of the Nuclear
Safety Convention in December 1997, because certain provisions of these two conventions are
basically identical. However, participation in the Joint Convention requires an introduction
of certain amendments to the Laws of the Ukraine "On Nuclear Energy Use and Radiation
Safety" and "On Radioactive Waste Management".

In order to bring the legislation of the Ukraine into compliance with provisions of the
Joint Convention, the draft Laws of Ukraine "On Ratification of the Joint Convention on the
Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management" and
"On Amendments to Certain Legislative Acts of Ukraine on Nuclear Energy Utilization and
Radiation Safety Issues" were developed by working group consisting of representatives of
the Supreme Soviet, State Nuclear Regulatory Administration, Ministry of Health Protection,
Ministry for Emergency Situations, Ministry of Internal Affairs, Ministry of Energy and
Ministry of Justice of Ukraine.
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The draft Laws were developed with due consideration of remarks and proposals
submitted to the working group, and approved without comments by all competent
governmental authorities. According to Article 93 of the Constitution of the Ukraine, the
President of the Ukraine submitted the draft Laws to the Supreme Soviet of the Ukraine on 15
September 1999. Main changes introduced concern the following:

• coordination of the national legal and regulatory framework with the international
approaches regarding demarcation of concepts "decommissioning" (regarding nuclear
facilities) and "closing down" (regarding radioactive waste storage facilities);

• introduction of minimization of radioactive waste as well as development and
implementation of quality assurance programmes regarding safety management of
radioactive waste as a legal requirement;

• introduction of requirements as to safety reassessment of the radioactive waste facilities
under operation, so that all practically accessible improvements could be performed with
the purpose of safety upgrading as appropriate.

Furthermore, basic principles of the State policy in the field of nuclear power use were
added with the prohibition of any activity in the field of nuclear power use if it could result in
reasonably foreseen negative consequences for coming generations, more then those
permissible for the present generation. Provisions as for ensuring the minimum level of
radioactive waste formation were added as well.

It should be noted that, in 1998, upon request of the regulatory body special conditions of
temporary permissions for nuclear power plants operation were added with the requirement to
develop and submit for approval the programme of radioactive waste management, an integral
part of which is the programme of radioactive waste minimization. Even the first steps of
implementation of these programmes have already shown the reduction of operational
radioactive waste formation at nuclear power plants in the Ukraine for 1998, by 5 -10% on
average, and 15% reduction at Zaporozhye NPP.
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Abstract

The legal and regulatory framework within which the radioactive waste management is carried out in
Argentina are exposed. The activities of the Nuclear Regulatory Authority (ARN) in relation to
facility inspections, safety assessments and collaboration with international agencies in the matter are
also presented. Further, the regulatory criteria applied to waste management are reported.

1. INTRODUCTION

There are two nuclear power plants in operation in Argentina, Atucha I (KWU, PHWR, 340
MWe) since 1974 and Embalse (CANDU, 600 MWe) since 1984. A third one, Atucha II (PHWR, 600
MWe) is in an advanced stage of construction. Three research reactors and three critical assemblies
are also in operation. There are several facilities related to the front-end of the nuclear power and
research reactor fuel cycle, including chemical and physical uranium concentrate production and fuel
element assembling. Three Atomic Centres are devoted mainly to research and development in the
nuclear field and about 1400 users around the country involve radioactive materials in their activities,
mainly related to the medical and industrial area. A waste management facility for the final disposal
of LLRW, located at the Ezeiza Atomic Centre, is in operation. The spent fuel elements from the
nuclear power plants are temporarily stored on site in decay pools and dry storage silos until a
decision on their future treatment is taken. The National Atomic Energy Commission (CNEA) is the
governmental organisation responsible for the radioactive waste management. The Nuclear
Regulatory Authority, at present in charge of nuclear activity regulations and control concerning
radiological and nuclear safety, regulates and controls such practice.

2. LEGAL FRAMEWORK

During the period 1950 to 1994 the National Atomic Energy Commission (CNEA) had,
among other areas of competence, the regulatory function in the field of radiological and nuclear
safety, particularly on those aspects concerning the human health protection against the harmful
effects of ionising radiation, the nuclear installations safety and the control of nuclear material use. In
1994 the Government transferred the Authority for regulation of nuclear activities from the
Regulatory Branch of CNEA to the National Board on Nuclear Regulation (ENREN) through the
Decree No 1540, 1994.

In April 1997, Act No 24804; "National Law of Nuclear Activity" [1] was passed,
proclaiming (in its Article 7) the creation of the Nuclear Regulatory Authority (ARN). This authority
is in charge of nuclear activity regulations and control concerning radiological and nuclear safety,
safeguards and physical protection, giving, in addition, advice to the Executive Power on subjects of
its competence. The Nuclear Regulatory Authority, as an autarchic entity within the jurisdiction of the
Presidency of the Nation, has full legal power to act in the fields of public and private rights, being
the successor of the ENREN.

The "National Law of Nuclear Activity" establishes, also, that CNEA is the governmental
organization responsible for radioactive waste management. In this sense, the Act establishes that for
the definition of repository sites for high, medium and low-level radioactive wastes, CNEA, as
Responsible Entity, shall propose a place. The site shall be approved by the ARN in relation to
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radiological and nuclear safety, and, shall also be approved by an Act of the Provincial State where is
proposed to install the repository.

In September 1998, Act No. 25018, "Radioactive Waste Management Regime" [2] was
passed, establishing responsibilities concerning the National Atomic Energy Commission (CNEA), as
the Responsible Organization for waste management. In addition, it sets the "National Program of
Radioactive Waste Management" within the CNEA, that shall:

• design the strategy for RWM, which requires the approval of the National Congress

• propose, plan, co-ordinate, execute, assign funds and control research and development projects on
RWM technologies and methods

• project, construct and operate systems, equipments, facilities and repositories for High, Medium
and Low Level RW.

• conduct the management of RW generated in nuclear activities, including decommissioning and
mining activities, establishing acceptance criteria and management procedures

• perform any other activity required to fulfil the RWM objectives

This Law also establishes that this Program of the CNEA shall comply with the regulatory
standards issued by the Nuclear Regulatory Authority (ARN) and other relevant regulations of
national or provincial level. The Act sets a "Fund for Radioactive Waste Management and Disposal"
to finance the above mentioned Program as well.

3. REGULATORY FRAMEWORK

Act No 24804 empowers the Regulatory Body to establish standards, which regulate and
control nuclear activities, of application along the whole national territory. The first regulatory
standards were initially produced some 20 years ago. In the course of time a normative system was
established comprising subjects such as radiological and nuclear safety, safeguard of nuclear materials
and physical protection. The system, known as "AR Standards" (AR meaning "Autoridad
Regulatoria" - Regulatory Authority), has at present 51 standards. The regulatory standards are based
on a set of fundamental concepts, which are part of the philosophy sustained by the regulatory system
concerning radiological and nuclear safety, safeguard and physical protection. Such concepts, are the
following:

Basic criteria of radiological and nuclear safety: The basic criteria in which radiological and nuclear
safety is supported are being applied since long time ago and they are in agreement with the ICRP
recommendations (in its publications No. 26 and No. 60). On the other hand the Regulatory Body has
contributed to formulate recommendations issued by international bodies (such as IAEA, ICRP and
UNSCEAR), so that it is usual to find, in its own standards, concepts dealing with radiological and
nuclear safety that appear in such recommendations. Further, nowadays, ARN is taking part of the
IAEA's Waste Safety Standards Advisory Committee (WASSAC), the Transport Safety Standards
Advisory Committee (TRANSSAC), the Radiation Safety Standards Advisory Committee (RASSAC),
and the Nuclear Safety Standards Advisory Committee (NUSSAC).

Responsibility for safety: The regulatory system considers that the owner and operating organisation,
known as Responsible Organisation is responsible for the radiological and nuclear safety of the
installation as well as for the physical protection and safeguards of nuclear material in the facility.
The mere compliance with the regulatory standards does not exempt the organisation from the
mentioned responsibility. For this reason the regulatory standards are not prescriptive but, on the
contrary, they are "performance-based" standards, that is to say, they establish the fulfilment of safety
objectives. The way of reaching these objectives is based on engineering experience, on the
qualification of designers, constructors and operators and on suitable decisions taken by the
Responsible Organisation itself. Therefore, the Responsible Organisation must demonstrate and
convince the Regulatory Body that the installation is safe.

As for every practice involving radioactive material, the standard AR 10.1.1 - "Basic Standard
of Radiological Safety" [3] is the fundamental one the operators involved in waste management
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activities shall comply with. Nevertheless, since some time ago, a specific standard applicable to
waste management activities is under discussion. Such standard is intended to complement the
standard AR 10.1.1 for which it includes a criterion set, fully in accordance with internationally
agreed principles, to be applied in the field of waste management.

4. LICENSING SYSTEM AND REGULATORY ACTIVITIES

A basic aspect of the regulatory system is the approach adopted, in which the Responsible
Organisation dealing with the design, construction, commissioning, operation and decommissioning
stages of the significant nuclear installations, is completely responsible for their nuclear and
radiological safety as well as physical protection and safeguards.

The regulatory standards establish that the construction, commissioning, operation or
decommissioning of a significant nuclear installation shall not start without the corresponding licence,
required by the Responsible Organisation and issued by the Regulatory Body. The validity of such
licences is subordinated to the compliance with their stipulated conditions, and to standards and
requirements issued by the Regulatory Body. The non-compliance with any of these requirements may
be enough reason for the Regulatory Body to suspend or cancel the corresponding licence validity,
according to the sanction regime in force.

Since the early days of the nuclear activities in the country, the Regulatory Body has
performed assessments as well as multiple and different regulatory inspections and audits as
frequently as considered necessary, with the purpose of verifying that nuclear installations satisfy the
standards, licences and requirements in force.

Act No 24804, "National Law of Nuclear Activity", authorizes the Regulatory Body to
continue with such inspections and regulatory assessments and audits, performed by its personnel.

Concerning waste management in particular, ARN performs assessments of radiation and
waste safety to practices and systems of radioactive waste management. The main aim of such
assessments is to verify fulfilment of the criteria in force and the regulatory requirements put to the
Responsible Organization, applying in both cases, the regulatory tools presented in the previous
paragraph. All phases of waste management are controlled in the installations under regulatory
control: from waste generation to its disposal, through predisposal activities. In the NPP there are
resident inspectors, performing routinely inspections of nuclear, radiation and waste safety. Other
installations are regularly controlled by the inspectors, with a variable frequency, according the
installation characteristics.

In the case of safety assessment of radioactive waste disposal, ARN has developed some
computational tools. These tools are models to compute source term releases from near surface
disposal facilities, radionuclide transport in three dimensions and doses due to several scenarios
(normal and intruder, including various exposure paths). These codes participated in the NSARS
inter-comparison exercise of the International Atomic Energy Agency. The developed codes can also
be used to aid in making regulatory decisions. At the moment, ARN is taking part of the IAEA's Co-
ordinated Research Programs "Improving Safety Assessment Methodologies" (ISAM) and
"BlOsphere Modelling and ASSessment methods" (BIOMASS).

Decree No. 1390 (1998) [4], that dictates rules for the execution of Act No. 24804, added to
the current activities of the Regulatory Body those related to the revision of the annual contribution
made by waste generators to the Fund for Radioactive Waste Management.

5. REGULATORY CRITERIA APPLIED TO WASTE MANAGEMENT

ARN has developed some basic regulatory criteria applicable to the radioactive waste
management with the aim of providing assessment targets on radiological and waste safety for the
demonstration period, and other regulatory requirements.

5.1 Risk Limits: The radiological protection criteria applied by ARN to the final disposal of
radioactive wastes establishes that no individual of the critical group shall be exposed to a risk higher
than 10 "5 y"1 with optimization of the protection systems, and if the risk is not higher than 10"6 y"1, the
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optimization requirement is not considered necessary, taking into account that further reduction in the
detriment could only be achieved with a deployment of resources not balanced with the dose
abatement.

5.2 Optimization of protection systems: The radiological protection systems used for waste
management shall be optimized taking into account the reduction of the effective doses, the cost of
several options, the uncertainties associated to the long term and, as a boundary condition, the
dose/risk constraints.

5.3 Responsibilities: The waste generators (namely the operators of nuclear installations, or other
users of radioactive material) shall be responsible for ensuring the wastes they generate are managed
with an adequate level of protection of workers and public. These operators could delegate the
management of the wastes, without transferring their responsibilities. The criteria for the final waste
disposal are based on the fact that once the decision to proceed is taken, such waste will not be subject
to further treatment or other use not foreseen. The final disposal of radioactive wastes shall be
previously and explicitly authorized by the Regulatory Authority in the licence or operation
authorization. Additionally, to dispose of materials subject to safeguards as waste a previous specific
authorization of the Regulatory Authority is required.

5.4 Liquid and Gaseous Wastes: To comply with the radioactive effluent discharge limits set by
the regulation in force, gaseous and liquid radioactive wastes shall be either treated by radioactive
decay or retention, if necessary. Finally, wastes not fulfilling the previous criteria shall be solidified
or immobilized.

5.5 Solid Wastes: The final disposal of solid wastes shall be performed through multiple barrier
systems. These barriers shall be the appropriate for the required confinement time, and composed by
barriers of geologic nature and others with engineering features, with independent, and redundant
character. The final closure of a waste disposal facility, or a particular system within this facility,
shall previously be authorized by the Regulatory Authority. The operator of the facility shall extend
its responsibilities to the phase between operation ending and the closure, the closeout stage and the
following institutional control period established by the Regulatory Authority.

When applying for the construction and operation licence, the Responsible Organization shall
demonstrate the system can be closed adequately and that after closure it will meet the safety goals.

5.6 Safety Assessment of disposal systems: The safety assessments of waste final disposal
systems shall cover design, construction and operational stages, as well as their state after closure and
their future evolution. Several type of scenarios shall be taken into account, among them: "normal
evolution" (considering average degradation of the system) and "incidental or accidental scenarios"
(resulting from possible disruptive events). The Safety Assessment shall be reported in terms of doses
for normal scenarios, in terms of risk for probabilistic events, or by any other safety indicator
considered as appropriate to the required confinement period, to the satisfaction of the Regulatory
Authority. In the case of "normal scenarios", the estimated doses to future generations shall not
exceed the dose constraint established at the time of disposal. For disruptive events, risk limits as
defined above should be used.

5.7 Reporting to Regulatory Authority: The Responsible Organization of a waste generator
facility or a waste disposal facility shall maintain an updated inventory of the wastes disposed of,
during its operative phase, on their own third parties. The disposed inventory shall be informed
annually to the Regulatory Authority. The inventory records shall be sent to the Regulatory Authority
after ceasing activities.
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Abstract

The long-term safety of a facility for the disposal of long-lived radioactive waste would principally
depend upon a combination of engineered and natural barriers which would ensure that the
radioactivity was prevented from reaching the biosphere. To assess radiological safety over extended
timescales requires the construction of 'assessment biospheres'. A possibility is the development of
'Reference Biospheres', a series of stylised, internationally-agreed assessment biospheres that could
be used to support post-closure assessments in a wide variety of situations. Current activities in this
subject area are described.

1. INTRODUCTION

The long-term safety of a facility for the disposal of long-lived radioactive waste would
principally depend upon a combination of engineered and natural barriers. These barriers would
ensure that almost all the radioactivity was prevented from reaching the biosphere, and such releases
as might occur via the groundwater pathway would only reach the biosphere after many thousands of
years. To assess radiological safety over these extended timescales requires the construction of
'assessment biospheres', models of the biosphere in which humans are assumed to live and
radionuclides accumulate and disperse. Since assessment biospheres are intended to represent the far
future, the unavoidable question is 'how can this be done credibly?'

In any repository safety assessment, the present day biosphere at a potential repository site
will always be an important point of reference; furthermore, it is the starting point for all future
biospheres. Post-closure safety assessments frequently base future biospheres on that existing at the
potential disposal site at the present day, an approach that has the advantage of avoiding speculation
about the nature of future human societies. It may also be argued that, by treating the present and the
future in similar manner, this approach is consistent with the application of the General Safety
Principle that the protection given to future generations should be at least as great as that given to
people living today.

Future biospheres cannot be based too closely on the present day however, since this would
overlook the possibility that present day human activities may not include some activities (carried out
elsewhere or known to have occurred in the past) that could give rise to significant radiation
exposures. Furthermore, the present day biosphere would form an inadequate basis for an assessment
if the assessment timeframe were long enough to encompass significant biosphere change (noting that
such changes are possible on timescales of a few hundred years). A possible solution to these
difficulties is the development of 'Reference Biospheres', a series of stylised, internationally-agreed
assessment biospheres that could be used to support post-closure assessments in a wide variety of
situations.

The BIOMASS (Biosphere Modelling and Assessment) project was established under the
auspices of the IAEA [1]. The BIOMASS Theme 1 objective is to develop the concept of 'Reference
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Biospheres' into a practical system for application to the assessment of the long-term safety of
repositories for radioactive waste [2]. This 'practical system' has found expression in a BIOMASS
methodology, based on the work of BIOMOVS II [3], that has been developed through the
construction of a number of 'Example Reference Biospheres'. The examples illustrate the
methodology and are also intended to be useful in their own right.

2. BIOMASS METHODOLOGY

The BIOMASS methodology provides a formal procedure for the development of assessment
biospheres, based on a staged approach in which each stage introduces further detail so that a coherent
biosphere system description and corresponding conceptual model can be constructed.

2.1 Assessment context

Defining the assessment context is a fundamental stage in the determination of a suitable
assessment biosphere. This involves considering a number of issues that define the overall
requirements, including the underlying purpose of the assessment. The purpose will help to
determine, amongst other things, the required complexity of the assessment biosphere. For example, a
single, simple biosphere may be acceptable for a site-to-site comparison exercise, whereas in the
context of a formal regulatory compliance assessment a series of biospheres ranging from simple to
complex may be more appropriate. Other important components of the assessment context include the
endpoint (i.e. what is to be calculated), the site context (e.g. latitude), the source term (i.e. the
radionuclides that are to be considered and their rate of release), the geosphere-biosphere interface
(i.e. where and how radionuclides are assumed to emerge into the biosphere) and the timeframe of the
calculation.

2.2 Biosphere system identification and justification

The purpose of this stage of the methodology is to build on the assessment context (previous
sub-section) to identify and justify the assessment biosphere that is to be modelled. In some cases the
assessment biosphere may be predefined by statute. The stage consists of three main steps. Step 1 uses
the assessment context to help identify the main components of the biosphere system ('system
components'). This is done by working systematically through a series of classification schemes for
each of these system components: climate, geographical extent and topography, human activities, near
surface lithostratigraphy, water bodies and biota.

Step 2 considers whether or not the assessment context requires biosphere change to be
represented. If the biosphere is assumed not to change throughout the period of the assessment then,
for example, climate will be assumed to remain constant (though seasonal and other short term
changes may need to be represented), sea level will not change and lakes will not silt up.

In deciding the need for change to be represented within the biosphere assessment, two
components of the assessment context are particularly relevant: the timeframe of the assessment and
the geosphere-biosphere interface (GBI). The timeframe is important because (for a given location) it
will determine whether significant different climate conditions could occur. The GBI is important
because it can be directly affected by such factors as climate change, erosion and human activities.
Other aspects of the assessment context will also have an influence: the site context, for instance,
would establish whether the site was situated inland or at the coast and would therefore determine
whether changes in sea level could affect the assessment.

If biosphere change is to be represented, Step 3 considers how this should be done. In general
there are two approaches: non-sequential change and sequential change. A non-sequential assessment
approach involves simulating the consequences of radionuclides emerging into discrete, unchanging
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biospheres, chosen to encompass the range of possible futures of interest. Thus, for example, the
assessment calculation might be carried out for a specific site in two different climate states, with no
attempt made to address effects associated with the ordering of events or the transition from one state
to another. A sequential assessment approach, on the other hand, involves considering the sequence
in which changes to the biosphere system may occur and simulating the effects of the transition from
one system to another.

2.3 Biosphere System Description

This stage of the methodology is aimed at providing sufficient detail about the biosphere
system (or systems) to be considered in the assessment to justify the selection and use of conceptual
models for radionuclide transfer and exposure pathways. As a starting point, the methodology requires
a decision to be made regarding the assumed level of human control of the biosphere system (for
instance foraging in a natural or seminatural environment compared to intensive agriculture). Then,
for each identified system component, lists of potentially important characteristics are screened to
determine a short-list of those deemed relevant to the assessment. Working systematically through
these lists allows the main features of the biosphere system to be described, alongside the reasons for
the various choices. Hence, for example, consideration of the socio-economic context of the local
human community provides a basis for the subsequent identification of potentially exposed groups for
which radiological exposures are to be considered within the assessment model.

In addition to identifying the characteristics of the system components, the methodology also
requires the features, events and processes (FEPs) of the system to be identified. This is accompanied
by a description (a 'word picture') of the system that describes how the system components are
arranged spatially and temporally, and how they interrelate.

2.4 Conceptual mode] construction

A conceptual model is a description of the system that has sufficient detail and clarity to
allow the mathematical equations and data requirements to be constructed. Using information
generated by the second and third stages of the methodology (system identification & justification and
biosphere system description), the construction of the conceptual model begins by listing the 'media
of interest' such as water, soil, crops, animals in which radionuclides may migrate or accumulate. The
media are not confined to those that make a direct contribute to radiation exposure so that, for
instance, subsoil may need to be included. Next, the radionuclide pathways through these media (and
corresponding FEPs) are identified. Cross checks are made to ensure that the conceptual model
incorporates - or at least acknowledges - all the FEPs that were identified as being relevant within the
system description. As a final check, the contents of conceptual model (including those FEPs relevant
to radionuclide transport and exposure) are audited against an independent FEP list [2].

2.5 Mathematical mode! construction

A mathematical model is a mathematical expression of the conceptual model and there may
be a number of alternative mathematical models for any one conceptual model. The availability of
data to parameterise the model is an important consideration at this point since this may decide the
choice of mathematical model. This and the fact that the data need to be fit for purpose are reasons
why data selection is seen as an important activity within the methodology. The combination of data
and mathematical model allows the calculation, first of the radionuclide concentrations in the various
media of interest and second, of the doses resulting from potential human exposures to these media.

3. REFERENCE BIOSPHERES

A number of Example Reference Biospheres are being developed within BIOMASS. These
Examples demonstrate the application of the methodology while also serving other purposes, as
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follows. First, they are intended to be reference calculations of radiological impact, with which other
assessment biosphere calculations may be compared. Second, by adopting a series of progressively
more complex examples, they show the effect of increasing complexity in the assessment biosphere.
Third, it is intended that the Example Reference Biospheres (up to the stage of defining the
conceptual model, at least) will themselves be applicable in a wide range of assessment contexts. To
allow the important issue of data selection to be addressed, the Example Reference Biospheres
include calculations using numerical data.

Three 'constant' Example Reference Biospheres are being developed:

(a) ERB 1 Drinking water well intruding into a contaminated aquifer
(b) ERB 2A Irrigation well intruding into a contaminated aquifer
(c) ERB 2B Natural discharge from a contaminated aquifer

All three are intended as generic examples in so far as their development is not based on the
assumption of a specific location. Examples 2 A and 2B have an agricultural context. Eventually, these
Examples should include sub-examples covering different climate conditions; these will allow
exploration of some aspects of the non-sequential approach to representing environmental change.

'Sequentially changing' Example Reference Biospheres are also being developed, focusing on
the effects of climate change. In carrying out this work it was found to be difficult to make significant
progress while the site context remained generic. Accordingly, approaches to considering sequential
change are being explored in the context of two specific sites for which good information is available.
These Examples will probably not be taken beyond the conceptual model stage.

In all this work a key issue is how much detail to include in the models. While many features
events and processes (FEPs) could contribute to radiation exposure, for a reference biosphere it is
neither practical nor desirable that they should all be incorporated. Broadly, the aim has been to
produce a reference biosphere that includes all the important FEPs while, at same time, preserving a
level of simplicity that is consistent with a hypothetical model of the far future. The methodology
allows simplifying assumptions to be made while providing an audit trail to justify them.

4. CONCLUSIONS

It is expected that by October 2001 the IAEA will have published a series of documents
presenting the output of the BIOMASS Theme 1 project. These documents will present a
methodology that allows the logical and defensible construction of assessment biospheres for use in
repository post-closure safety assessments.

The documents will also present a series of Example Reference Biospheres. These
calculations are intended as practical illustrations of the application of the methodology but also as
useful assessment tools in their own right.
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Abstract

With the ever-growing generation and stockpiling of hazardous wastes, safe storage and disposal of
waste forms become extremely important. Waste forms that are placed in the environment must be
engineered so that release of hazardous materials is minimized. Methods for realistic estimation of
contaminant release must be developed to meet regulations and future standards for long-term storage
or disposal of wastes. Mathematical models are considered as a useful tool throughout the world to
assess the radiological safety implications of burying radioactive waste. The aim of this paper is to
evaluate the potential contaminant release due to penetrations of a container of immobilized waste for
finite backfill using mathematical models.

1. INTRODUCTION

The problems dealing with the possible migration of pollutants from a radioactive waste
disposal site play a very important role in risk analysis. In modeling a repository system, it is often
convenient to divide it into a number of subsystems, there may be several different processes that
need to be modeled, individually and interactively. Lee [1] defined the performance assessment to
mean the development, testing and application of a series of mathematical models and computer codes
which traces the movement of radionuclides from a waste isolation system to the biosphere and
resultant dose to man. Lcenhour and Godbee [2] study the migration from the waste package through
the vadose zone (unsaturated zone) and within the water table. Also, various geometries have been
applied to the near field waste packages diffusion problems, this include spherical, cylindrical, and
planar geometries. Lung [3] developed models to predict the performance of a backfill layer as a part
of the spherical waste repository, Han et al. [4] conducted a numerical simulation of radionuclide
migration as a form of colloid in a two-dimensional cylindrical geometry, and Ueng etal. [5] studied
the transport of radionuclides in an one-dimensional, one- and two- barrier geometries. The purpose
of this paper is to provide an analysis on the transport of radionuclides from cubic waste package in a
planar-engineered barrier system due to leaching of a container of immobilized waste. A numerical
model was used to carry out this study through solving the mathematical equations that describe the
leaching behaviour of the waste and the diffusive transport through the backfill.

2. SYSTEM DESCRIPTION AND MODEL FORMULATION

The system proposed to be studied is illustrated in Fig.l. After closure of the repository, the
ground water existing in the surrounding host rock will saturate the repository, and the container will
be leached out from the waste matrix into the ground water ,then the leached radionuclides will be
transported through the backfill, the concrete structure, and finally into the surrounding host rock.
Since the backfill material is clay-based so it has low hydraulic conductivity, and this will lead to
diffusive transport.

A leaching model based on internal diffusion controlled kinetics for the transfer of
radionuclides from a cubic cement waste form into the surrounding pore water of the backfill material
will be employed. The rate of change of radionuclide concentration in the waste form is given by the
following mass transport equation;

286



5c D
c _ c

dt R,

Where,
X= spatial coordinate in the direction of flow, cm
Y= spatial coordinate normal to the direction of flow, cm
T= time, s
C= contaminant concentration in the waste, Bq/ml
D= diffusivity of contaminant in the waste, cm2/s
Rd= retardation coefficient in the waste

The subscript c denote that the parameter is in the waste form
The initial and boundary conditions for this equation are given by:

Cc(x,y,0)=Co (2)
At the boundaries Cc equal zero (3)

The release rate from the waste is given by;

rate = -
dx

darea •(4)

The radionuclide migration through porous backfill material is governed by the diffusion mechanism.
The transport of radionuclides through the backfill material can be represented by the following
equation;

at R db dy2 - — (5)

where; subscript b denote that the parameter is in the backfill
Cb(x,y,0)=0
Cb(0,y,t)=l
Cb(x,0,t)=0
Cb(x,b,t)=0
Cb(a,y,t)=0

- - ( 6 )
(7)
(8)
(9)

(10)

Solution of equation 5 for an instantaneous unit release Qb of radioactivity (1 Bq) into the backfill
lead to obtain the concentration of radionuclides in the pore water of the backfill material due to leach
flux from the waste form by the convolution integral. Then the release rate of radionuclides from the
backfill is predicted as follow;

rate from backfill = - f Db darea •(11)

The governing equations (equation 1&5) are parabolic partial differential equations in two dimensions
( x , y ) so the alternating direction implicit method (ADI) used. A computer program DRWE1
(diffusion of radionuclides due to waste exhaustion) was designed to simulate the problem and a
modification was made to account the effect of decay.

3. NUMERICAL RESULTS

Runs were performed for ten elements which are commonly found in LLRW and the nuclear
dependent parameter for these elements is given in Table I. The release rate from the waste and the
backfill was studied. This study illustrate that radionuclides having low Kj begin to release from the
waste immediately after the closures of the repository, whereas the elements having high Kd start to
release after long time as shown in Fig. 2. On the other hand, the behaviour of the release rate from
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the backfill is completely different from that of the waste as shown in Fig.3. It can be concluded that
radionuclides having low K<j start to release from the backfill at earlier time and their release rate
reach the steady state faster than those having higher K^ .
Sensitivity Analysis
Runs were performed by varying the diffusion and distribution coefficients with a factor of 10 to
determine the effect of media properties on the contaminant transport rate. The sensitivity of the
intrinsic diffusivity of the waste form (Dc) on the peak release rate of two different radionuclides, Sr
and I, at the edge of the facility was studied. The release rate of these radionuclides from the backfill
follows a power relation with Dc and the correlation coefficients for I and Sr in the backfill were
found as -0.99 and -0.999 respectively. From these data it can be concluded that changing the
diffusion coefficient in the waste lead to a considerable change in the peak release rate from both the
waste and backfill. The value of Dc used in this study is experimentally determined by Nair [6] and
lies in the upper range of this variation. The sensitivity of changing the value of the backfill diffusion
coefficient (Db) on the release rate for Sr and I radionuclides was also studied and showed that the
steady state values and the required time to reach it increase with increase in Db value.
Model Correlation
Runs were performed for the same ten elements studied before , taking into account the effect of
decay and the obtained results indicated that the effect of decay is considerable and make difference
in data for short-lived radionuclides having lower values of Kj. On the other hand, the short-lived
radionuclides having higher Kd values are completely confined within the waste form. Also, for long-
lived radionuclides the effect of decay is neglected for low-Kd values and make a considerable reduce
in the release rate for high Kj values.

4. CONCLUSION

The numerical model presented in this study was prepared to predict the contaminant release
rates from the backfill material in a planar geometry. Release rates were calculated taking into
account the transient diffusive mass transport in both the waste and the surrounding medium for
various diffusion and retardation coefficients. This study illustrates the usefulness of numerical
models for prediction of contaminant release rates and further indicates that it is essential to have
accurate information regarding the diffusion and retardation coefficient.
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Table I Nuclear Dependent Parameter for Studied Radionuclides [6]

Radionuclide

C-14

Co-60

Ni-63

Se-79

Sr-90

Inventory

(Bq)

10 1 0

10n

10 1 2

107

10 1 2

Distribution

Coefficient

Kd(ml/g)

5000

20000

5000

2

2

Initial

Concentration

(Bq/ml)

2.8*107

7*107

1.8*109

6.6* 107

6.6* 1012

Radionuclide

Tc-99

1-129

Cs-137

Ra-226

Th-230

Inventory

(Bq)

107

107

101 2

109

109

Distribution

Coefficient

Ka (ml/g)

1

30

2

8

5000

Initial

Concentration

(Bq/ml)

1.2*108

4.7* 106

6.6*1012

1.7*109

2.8* 106

Gas vent

Concrete
structure

DDDDD-
nnnna

Waste packages Backfill clay &
crushed rock

Fig.l Conceptual View of the Disposal Facility
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Abstract

Radiological Impact Assessments (RIAs) on proposed disposal sites for NORM wastes
were performed in Malaysia. Analysis results were used to derive site specific guidelines for
allowable residual concentrations of radionuclides in soil, calculation of doses and risks.
Appropriate use scenarios and site specific parameters were used as much as possible so as to
be realistic so that will reasonably ensure that individual dose limits and or constraints will be
achieved. Disposals were performed to fulfil Atomic Energy Licensing Board of Malaysia
(AELB) requirements for which the operator must carry out a radiological impact assessment.
This is to demonstrate that no member of public will be exposed to more than 1 mSv/year
from all activities. Fatal cancer risk factor is 5x10"2 per man.Sv. Radionuclides of main
concern are radium-226 and radium-228 which are considered as toxic. Sensitivity and
uncertainty analyses were performed to show that the parameters used as input into the
computer model were justified so as to improve confidence of the public and the AELB in
respect of the results of the analysis. Case study to determine a proposed near surface disposal
site for treated oil sludge was described

1. INTRODUCTION

In Malaysia, any practice which involves the use of radioactive materials, is governed
by the Atomic Energy Licensing Act 1984 [1] and its subsidiary legislation. The law is
enforced by the Atomic Energy Licensing Board (AELB) which, besides the existing
regulations established under the Act, also introduces various licensing requirements and
conditions to ensure safe use of the materials in the country. There is a guideline called
LEM/TEK/30 introduced by AELB on radiological protection requirements associated with
activities involving NORM produced by oil industries. There is a section in this document
that spells out details on the need to prepare a radiological impact assessment (RIA) before
any disposal work can be carried out on the oil sludge waste. At present, this is the only guide
available for reference for oil and gas industries when addressing issues related to disposal of
NORM wastes or NORM contaminated wastes in Malaysia. Sludge farming is a common
practice used as treatment of petroleum sludge to produce treated oil sludge, which is then
disposed. According to the guidelines, for disposal purpose the operator shall be required to
carry out RIA to all proposed disposals to demonstrate that no member of public will be
exposed to more than 1 mSv/year from all activities. The proposed disposal sites needs to
fulfil the requirements of the Atomic Energy Licensing Board before any operational work
can be conducted.
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In the RIA studies performed, the criteria used was 1 mSv/y for the individual member
of the public as allowed by the BSS regulations[2] and 1 man.Sv for the collective dose of the
overall population as used by the IAEA [3]. In the context of this study, "members of the
public" is understood to mean representative individuals of the affected population group,
which is expected to receive the highest level of radiation dose from the proposed NORM
disposal activity. NORM, contained in crude oil, basically consisted of the whole series of
uranium and thorium. Radionuclides, which are considered as source terms are Ra-226 and
Ra-228 which, are primarily mobile and appear in oil sludge and scales [4].

2. ASSESSMENT OF DATA AND METHODOLOGY

Assessment was carried out by first identifying the radiological criteria issued by the
Atomic Energy Licensing Board (AELB) and other relevant technical bodies including the
International Atomic Energy Agency (IAEA) to be used as the basis and guide in the whole
exercise. The criteria used were 1 mSv/y for the individual member of the public and 1
man.Sv for the collective dose of the overall population.

The next step is to identify the critical group or groups of the population who will be
affected directly or indirectly by the radiological exposure from the near surface disposal site.
The following step was to identify the source term and the scenarios through which various
critical exposure pathways may occur, which may finally lead to a significant exposure
received by the population. Based on several identified scenarios and exposure pathways, the
most appropriate dosimetric model was developed and the amount of dose delivered was
estimated. The estimated annual dose received by the population was then compared with the
criteria mentioned above in order to determine feasibility of the site to be used as a disposal
site.

From the analyses, site specific guidelines can be derived for allowable residual
concentration of radionuclides in soil, calculation of risks and guidelines values. It can also
be used to reduce residual radioactivity to levels that are as low as reasonably achievable.
Appropriate use scenarios and site specific parameters must be used as much as possible so as
to be realistic so that will reasonably ensure that individual dose limits and or constraints will
be achieved. To build confidence with the AELB and the public, sensitivity and uncertainty
analysis were conducted on every parameter especially data of parameters which are not site
specific so that the uncertainty can be verified.

Scenario
Based on the immediate and long-term future development plan for areas around the

disposal site for the treated oil sludge, three scenarios are being considered for an assessment.
Scenario 1, which will take place in immediate future, where a proposed site will still be
under the control of the operator, the relevant pathways considered are external gamma and
inhalation (without radon). Scenario 2, which will take place after the scenario 1, where the
site is redeveloped for industrial use, the relevant pathways considered are external gamma,
inhalation (without radon) and radon. Lastly, scenario 3, where the site will be used as a
residential area, the relevant pathways considered are external gamma, inhalation (without
radon), meat ingestion, plant ingestion and radon. Based on the scenarios and critical groups
identified above, the individual doses received by the groups resulting from disposal of the
treated oil sludge to the proposed site were estimated for the three scenarios, respectively.
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3. CASE STUDY: PROPOSED SITE FINAL DISPOSAL FOR NORM WASTES

Based on a case study performed on a proposed site using the methodology above, the
maximum total doses expected to be received by workers and members of the public as a
result of disposing the treated oil sludge to a proposed site are 0.05, 0.11 and 0.33 mSv/y for
the scenario 1, 2 and 3 respectively. These estimated annual doses are found to be very well
below (only 5%, 11% and 33% of) the individual dose limit used in the criteria i.e. 1 mSv.
They are also found to be very much lower than the dose that members of the public generally
received from natural sources which normally accounts to about 1 to 2 mSv per year. Figure
1, 2 and 3 shows the total doses from all radionuclides for the scenario 1, 2 and 3,
respectively. The radionuclide that gives significant contribution to the total dose received is
Ra-226. In term of collective dose to the population living on the site, it was estimated that
for scenario 1, scenario 2 and scenario 3, the collective doses received were 0.003 man.Sv,
0.006 man.Sv and 0.20 man.Sv, respectively. Like the individual doses, these estimated doses
also seem to fall within the acceptable collective dose limit of the criteria namely 1 man.Sv.
Using fatal cancer risk factor of 5 x 10'2 per man.Sv [5] would then reveal the total excess
cancer risk of 1 x 10"2 and 3 x 10"4 among members of the public and workers, respectively.
The results indicate that the levels obtained were significantly below the required limits set by
the AELB as quoted in the criteria. This implies that the proposed site is acceptable to be used
as a disposal site for treated oil sludge produced by the operator.

4. CONCLUSION

Based on the findings of an assessment study, specific guidelines for the site can be
derived for allowable residual concentrations of Ra-226 and Ra-228 radionuclides in soil.
Results with levels significantly below the required limit set by the AELB criteria, a near
surface disposal site once filled with the disposed material, can be released unconditionally
without any requirement for future abatement and monitoring measures.
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Abstract

In a recent study carried out for the European Commission, the scope and application of
environmental impact assessment (EIA) legislation and current EIA practice in European Union
Member States and applicant countries of Central and Eastern Europe was investigated, specifically in
relation to the geological disposal of radioactive waste. This paper reports the study's investigations
into a model approach to EIA in the context of geological repositories, including the role of the
assessment in the overall decision processes and public involvement.

1. INTRODUCTION

European Community Directive 85/337/EEC [1] has made environmental impact assessment
(EIA) a mandatory requirement in all European Union (EU) Member States for a wide range of
projects having potential impact on the environment. This includes installations "solely designed for
the permanent storage or the final disposal of radioactive waste". Under the amending Directive
97/1 I/EC [2] this requirement is extended to "installations designed ... solely for the storage
(plannedfor more than 10 years) of... radioactive waste in a different site than the production site. "

In the context of the development of a geological repository, a recently completed study
carried out for the Environment Directorate General of the European Commission examined the
following aspects:

• National requirements for EIAs (EU Member States, EU applicant countries, Canada,
Switzerland, USA), implementation of Directive 85/337/EEC and its amendment in the EU
Member States, progress towards adoption of equivalent legislation in the EU applicant
countries;

• scope and contents of EIA reports;

• an idealised (model) EIA process;

• the involvement of the public in the EIA process; and

• how the EIA would be affected by introducing measures to increase waste retrievability.

Information was obtained from a variety of governmental, national and other sources in the
countries concerned principally by questionnaire. The reader is referred to the final report [3] for the
full details and results of this study. This paper presents the study's discussions and conclusions
regarding the idealised EIA process and the related issue of public participation.

2. MODEL PROCESS FOR EIA OF GEOLOGICAL REPOSITORIES

The life-span of a project involving a geological repository for radioactive waste will necessarily
consist of a number of discrete steps, with formal consents normally being required from national
authorities before moving from one major phase to the next. These major phases are likely to be site
selection, construction of the facility, commencement of waste emplacement, closure of the facility
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and termination of institutional control of the site. However, from the point of view of the EIA
process, the major decision milestone is the point at which the developer seeks consent to proceed
with development of the facility. In the European Community Directive, this development consent is
defined as the granting of permission to proceed with "the execution of construction works or of other
installations or schemes" or that part of the project involving "interventions in the natural
surroundings and landscape" (Article 1). Under Article 8 of the Directive, the national body
responsible for deciding whether development consent is granted for a project (the competent
authority) must take account of:

• the information in the EIA Report (see [3] for a detailed discussion of the report contents);
and

• the results of the necessary consultations with the public and other relevant authorities
(including in other Member States where appropriate).

Therefore the EIA process, which culminates in the preparation of an EIA report, relates
principally to the pre-development phase, though it is implicit that national authorities should ensure
that measures proposed to mitigate environmental impacts are actually implemented in practice.
Though the EIA report can be regarded as just one of many submissions from the proponent to the
competent authority, the study report [3] recommends that it is used to draw together all the main
arguments advanced by the proponent for seeking to proceed with a particular project. A proposed
model EIA process for this pre-development phase is depicted schematically in Fig. 1. The phase will
generally be organised into the following stages:

• concept and planning;

• national and area survey;

• site characterisation; and

• site confirmation.

The actual process of identifying potential disposal sites could follow an approach based on
general screening using pre-established technical and other criteria, or one based on volunteerism by
local communities, or on a combination of the two. However, it is suggested that the application for
development consent should be made following the selection of a preferred site, i.e. at the end of the
site characterisation phase. Consent granted at this stage by the competent authority would normally
be made subject to the satisfactory completion of underground testing during the site confirmation
phase. Nuclear safety legislation in most EU Member States would require a further formal consent
by regulatory authorities before the developer could begin construction of major components of the
facility.

Prior to the adoption of the amending Directive in 1997, the developer was only required to
provide information about alternatives considered "where appropriate". This caveat was removed
from 97/1 I/EC, Article 5(3) simply stating that the information provided by the developer should
include "... an outline of the main alternatives studied by the developer and an indication of the main
reasons for his choice, taking account of the environmental effects ". This would appear to emphasise
the role of EIA in the site selection process, in practice making it obligatory for a developer to study
alternative options to that being proposed, unless there clearly are none. Therefore, although there is
no explicit requirement in EU legislation for the EIA process to be integrated closely into the process
of site selection and project development, the requirements of Article 5(3) make this unavoidable. As
a result, the EIA Report should incorporate information on the assessed performance of the preferred
site together with comparative information for alternative sites.

In principle, the requirement that a developer provide details about main alternatives studied
applies both to the proposed waste management process as well as the choice of a particular disposal
site. Consideration of alternative waste management options could take place in connection with an
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application for development consent at a specific site, or could largely be addressed in advance of site
selection via a strategic environmental assessment (SEA) of waste management options. Although
such a process of early strategic evaluations is outside the scope of the Directive (being the subject of
a draft SEA Directive [4], "Plans and Programmes"), it does provide a convenient mechanism for
discussion of issues of principle in advance of considerations about a specific project.

3. PUBLIC PARTICIPATION

Lack of consultation and public involvement can mean that people affected by a project are
either unaware of the proposal or feel their needs or concerns are not taken into account. In turn, this
makes it more likely that implementation will be impeded by opposition and protest. It is therefore in
the developer's own interest to ensure that issues of public consultation and participation are
adequately addressed. Ultimately, the objective is to develop a project that not only is technically
sound but that also commands broad public understanding and support.

The nature of public involvement in decision-making relating to the development of a
geological repository will differ according to the precise stage of the project itself. Public
participation in the model EIA process is indicated in Fig. 1. It is suggested that, in the early phases
(before potential repository sites are identified), decisions of a strategic nature are required at national
level, e.g. relating to overall waste management policy. During the siting process the focus of
involvement will move towards those regions that appear to meet the basic siting criteria, and finally
to local communities as this focus narrows to specific potential sites. However, though the type of
involvement will vary as the project progresses, fundamental principles applying to all public
involvement require participation to be:

• inclusive, transparent and honest;

• interactive — a two-way process including feedback; and

• started early and occur throughout the process (with defined cycles of activity).

At the outset, since the objective of any programme of public participation is to achieve a
certain level of public awareness, the level of existing awareness must first be determined by market
research techniques. It is also important to develop an understanding of the key social characteristics
of the community concerned (which may be at a national, regional or local level). Other key initial
requirements are the definition of the overall objectives of the public involvement programme and an
outline of the principal public activities at each phase of the assessment process. The programme will
need to cater for easy access by any interested individuals and must be seen as being fair, i.e. the
public must be able to contribute to defining the scope and nature of the programme itself. In this
regard, the process of public participation may be enhanced by:

• Open Houses;

• Planning Workshops;

• Community Advisory Committees;

• Citizens' Juries and Consensus Conferences;

• Participative Social Impact Assessment and Management.

The study report [3] provides a full description of these processes. It is important that
mechanisms are put in place to ensure that queries raised by members of the public are considered by
proponents, with visibility of how queries are addressed, e.g. though providing access to relevant
correspondence. Public involvement will be encouraged if people believe they can influence the
decision-making process.
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4. SUMMARY

This paper presents a model approach to EIA of facilities for geological disposal of
radioactive waste. The objective is to illustrate "best practice", enabling consideration of the potential
for, and/or benefits of, greater harmonisation of approaches in different countries. It is widely
recognised that EIA can be used as a vehicle for effective communication with the public, and the role
and value of public involvement in this model process are also considered in this paper.

The Commission service for nuclear safety in the Environment Directorate General is
considering the results of this study and the associated workshop held in Brussels on 20 - 21 April
1999 (see also study report [3]), and is keen to pursue a policy that reinforces the role of the EIA
process in repository development.
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Stages

Main
Activities

Pre-EIA process

Establish Government
Policy

Concept and Planning

• Generic disposal/storage
concept

• Plan for siting process

National and Area Survey

Identification of:

a. areas for potential sites;

b. potential sites

Site Characterisation

• Surface-based investigations
at potential sites

• Determination of application
by competent authority

Site Confirmation

Underground investigations

EIA
Process

Development and strategic
appraisal of:

• Generic disposal/storage
concept

• Plan for siting process

• Screening guidelines and
site evaluation strategy

• Assessment of potential
locations against technical
and social siting criteria

• EIA process in relation to
drilling of boreholes at the
identified potential sites
(where applicable)

• Site specific and design
specific environmental and
social assessments

• Evaluation of alternatives
and selection of preferred
site for development

• EIA report prepared for
competent authority

Preparation of detailed
performance assessment

Monitoring of compliance
with conditions of
development consent

Public
Participa-
tion

• Consultation by
Government on
radioactive waste
management
policy

• Develop public
education
programme (where
appropriate)

Formal
Decision
Points

• Undertake social profile
and stakeholder analysis

• Develop public
involvement programme

• Measure public support
for specific proposals

• Prepare area and community
social profiles

• Develop mechanisms for
interaction with interested
communities

• Implement public
involvement programme (at
regional and local levels)

Endorsement of plan
for siting process by
relevant authority

Ongoing implementation of
public involvement programme,
including:

• Consultation on programme
for EIA process ('scoping')

• Evaluation of environmental
and social impacts

• Consultation on EIA report

• Continuing interaction with
local community about
development of final design
and mitigation of
environmental impacts

• Feedback results of ongoing
investigations to local
community and to interested
groups at regional and
national level

Development consent for
boreholes by competent
authority

Development consent for
project by competent
authority

Consent for
construction by
regulatory
authorities

Figure 1. The EIA Process for a geological repository or long-term storage facility
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Abstract

The focus of this study is on the derivation of a two-dimensional double porosity model by an
up-scaling method. In the framework of the performance assessment of a nuclear waste
repository in deep heterogeneous geological formations, this model aims at giving an insight
into the potential retardation of radionuclides migration linked to the matrix diffusion process.
The microscopic structure of the fracturing is idealised by a succession of periodic cells and
the macroscopic equations are derived by homogenisation. Mixed hybrid finite elements are
used to calculate the dispersion term of the macroscopic advection/dispersion equation in the
homogenised medium, whereas the advection term is calculated with a Godunov scheme. The
coupling term modelling the interaction between the homogenised fractured medium and the
cells is analytically calculated. This analytic calculation eliminates the numerical instabilities
usually linked to high contrast in parameters values between fractures sets and porous blocks.
Validation of the mathematical algorithm is based on a laboratory experiment: results show a
good agreement between the analytical curve, the experimental data and the numerical
simulation.

1. MOTIVATIONS

The enhancement of safety assessments of deep disposal may require to extend the scope
of the physical studies to account for additional specific phenomena. The aim of these
alternative calculations is to critically evaluate how the integration of additional phenomena
into the geosphere could play a significant role in the radionuclides migration. Thus, one
aspect of the safety assessment strategy developed by IPSN (Institute of Protection and
Nuclear Safety) is to have a collection of alternative numerical models which, by integrating
detailed phenomena, allow a better insight on specific aspects of both Near-Field and Far-
Field behaviours. In the case of a deep geological repository in heterogeneous or fractured
media, a specific attention has been turned on the radionuclides diffusion from the fractures to
the adjacent porous blocks. Matrix diffusion is a key component of the retention processes
which may occur in a fractured medium like crystalline rocks. Despite the fact that the flow
paths are restricted to the fracture sets, the diffusion of the contaminants through the fracture
walls to the porous matrix may considerably modify the migration of the plume.

* Institut de Protection et de Surety Nucleaire # INRIA-Rocquencourt, BP 105, 78153 Le Chesnay Cedex
Departement d'Evaluation de Surety
BP 6 Fontenay-Aux-Roses Cedex
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The superposition of the diffusion into the matrix pores and of the potential sorption of
radionuclides on the pore surface may lead to significantly decrease the concentration peak
and increase the transfer time. Despite the fact that the microscopic processes linked to the
presence of heterogeneities in the fracture (channelling, flow wetted surface, immobile water)
or in the matrix blocks (diffusion length, porosity) are still debated, laboratory and field
experiments have demonstrated the relevance of the physical concept based on Fick diffusion
to model the interactions between fractures and porous blocks.

2. MATHEMATICAL METHOD

In the framework of safety assessment, the general understanding of the transport complexity
at the space scale of the repository (several 10km2) on a large time scale (106 years) requires
an up-scaling strategy for moving from the microscopic scale to a simplified macroscopic
model. The microscopic structure of the fracturing is idealised by a succession of periodic
cells [1] and the macroscopic equations are derived by homogenisation [2]. The resulting
model consists of a macroscopic advection-dispersion equation in the homogenised medium
Q to which has been added a coupling term modelling the interaction between the
homogenised fractured medium and the cells Qx, defined for each x e f*. Calculation of this
coupling term requires the knowledge of the concentration cm(x,t) in the matrix Q™. The

concentration of the solute in the matrix is calculated by solving a second transport equation at
the microscopic scale of the porous block. When the standard finite element discretisation of
the porous blocks is used, the high contrast in parameters values between fractures sets and
porous blocks usually requires a grid refinement of the matrix to account for the sharp front at
the interface fracture-matrix and eliminate numerical instabilities. As an immediate
consequence, the calculation time increases. This situation is remedied by interpreting the
coupling term as a pseudo-differential in time operator applied to the concentration c(x,t) in
the homogenised medium. The analytical calculation of this operator eliminates the numerical
instabilities and provides a fast way to calculate fracture-matrix interactions. One obtains then
the following model:

D(x)Vxc(x,t) + u(x)c(x,t))=qc(x,t)-Sa(c)(x,t) xe £

c(x,O) = c°(x)

where c(x,t) is the unknown concentration in the homogenised medium, D(x) is the
macroscopic dispersion tensor, u(x) the Darcy velocity and qc(x,t) a given source term.
Sa is the pseudo-differential in time operator defined on H!(0,T; L2(n)). Its expression is :

where Ka is the convolution kernel:

a n J Pit ' a

fix"
-(p2+q2)t

ju2l = 0 and ju2/+l = (-1)'

1/4

(2/7

ift > 0

otherwise

and a(x) denotes the pore diffusion in the matrix.
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3, NUMERICAL SIMULATIONS

Validation of the mathematical algorithms is based on a laboratory experiment [3] where
chloride and calcium tracer test was conducted in a large, relatively undisturbed cylindrical
column of fractured till. There were two sets of orthogonal fractures oriented vertically in the
column parallel to the long axis. The test was conducted by passing the tracer solution
vertically through the column and measuring the tracer breakthrough in each effluent
quadrants at the outlet end of the apparatus. Experimental data are summarised in table 1.
When longitudinal and transverse dispersion is neglected, the water phase concentration of a
specie in a discrete fracture in one dimension (1 D) can be expressed, when combined with matrix
diffusion, by:

c(x,t) = c(x,Q)erfc
D.x

J/2
ift > t

v2b{Dp(t-tw)J'

c(x, t) = 0 otherwise

where v is the groundwater velocity in the fracture, b the half aperture of the fracture, De the
effective diffusion coefficient in the matrix, Dp the pore diffusion coefficient in the matrix
(relation between De and Dp is expressed by : De = WpDp where wp is the total porosity of the
rock matrix), t the observation time and tw the groundwater transit time.

Experimental values resulting from the measure of the breakthrough curve at the column
outlet are reported in Figure 1. Because of the density of the fracturing (with respect of the
length of the sample), the homogenisation process does apply and the solution of the double
porosity model is compared with the analytical solution described above. Results show a
good agreement between the analytical solution, the experimental results and the numerical
simulation (Figure 1).

Besides validation, some synthetic calculations aimed at illustrating the impact of the matrix
diffusion on the characteristic travel time in the macroscopic medium are performed. Those
parametric calculations give an insight into the retention capacity of porous blocks as
compared with that of a simple fractured medium (Figure 2).

4. CONCLUSION AND PERSPECTIVES

hi the framework of the performance assessment, this model offers a way to center attention
on microscopic retention phenomena which may have a significant influence on transport of a
solute in a fractured porous medium. The double porosity model constitutes an alternative
modelling approach to the classical discrete one [4] to take into account the large space scale
which characterise the radionuclides migration in deep geological formations.
Hydrogeological conditions under which homogenisation does apply are explicitly stated in
[5] and may be practically derived from laboratory characterisation. By exploring the
sensitivity of the concentration profile to some parameters combinations, results may
constitute valuable inputs to guide the site characterisation by focusing data gathering on the
physical parameters of which influence is judged important.
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TABLE 1: EXPERIMENTAL DATA

Parameters

Velocity (m/year)
Longitudinal dispersivity (m)
Pore diffusion (m2/year)
Total porosity
Half aperture (m)

Matrix

0
-

0,16E-2
0.35

-

Fracture

10,84E+3
0.04

-
-

2E-5
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Figure 1. Comparison between the
experimental breakthrough curve (data),
the exact 1 D solution (analytical solution)
and the approximated solution of the
double porosity model (numerical
solution).

Figure 2. Illustration of the characteristic
effect of the matrix diffusion on the solute
behaviour in the homogenised medium. A
retardation coefficient of 10 models the
sorption in the matrix.
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Abstract

This work describes the synthesis of ammonium phosphotungstate into the macroporous resin
Amberlite IRA-900. An strong anionic resin loaded with phosphotungstate anions enables the APW
precipitation directly in the resinous structure by adding the ammonium nitrate in acid medium
(APW-R). Parameters as W/P ratio and aging time were studied. The APW-R obtained by using
phosphotungstate solution prepared with W/P= 9.6, 9 hours digestion time at 103-105°C and 4 to 5
months aging time showed the best capacity for cesium retention (0.015 meq Cs7g APW-R for 0.4%
B.T. from 4 mol/L HNO3). The new cation exchange beds were prepared and tested in column
operation for selective removal of cesium from nitric acid solutions. 99.6% recovery from loaded
column using ammonium nitrate solution was obtained.

1. INTRODUCTION

The fission products 137Cs and 90Sr are the two major heat generators in high level nuclear
wastes. Their presence greatly complicates waste handling and disposal. In the last years
considerations concerning to the reduction of shielding costs and final storage lead to the task of
partitioning of high level nuclear waste solutions [1]. A number of studies for 90Sr and !37Cs
separation from nuclear waste solutions based on precipitation, solvent extraction and ion exchange
techniques, especially inorganic exchangers, and extraction chromatographic methods using crown
ethers have been reported [2, 3]. Within inorganic ion exchangers, ammonium phosphomolybdate
and phosphotungstate, have been studied in detail because of their radiation stability and high
selectivity for alkali metal ions and the posssibility of using these materials for the large-scale
recovery of cesium-137 from fission product waste concentrates. However, a simple column operation
is difficult due to the macrocrystalline structure of heteropolyacid salts. To reduce this unfavourable
property, several methods based on a physical mixture of heteropolyacid salt with asbestos, filter
paper or silica-gel or porous inert filler as binder had been investigated [4, 5]. Organic resin as binder
for ammonium molybdophosphate precipitation inside of resin structure was also developed [6] for
selective removal of cesium-13 7. The main task of this work is the synthesis of ammonium
phosphotungstate directly into the macroreticular type strong anionic resin to be used in
chromatographic column for the recovery and concentration of radioactive cesium from nitric acid
effluents.

2. EXPERIMENTAL

2.1 Procedures

(a) Preparation of phosphotungstate loaded resin.
Phosphotungstate solutions were previously prepared by digestion of sodium tungstate solution and
phosphoric acid to have different W/P ratio, at 103°-105°C during 9 hours. The presence of W in
pentavalent state was avoided by adding a drop of bromide solution after an hour of digestion time.
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The aging time of resulted phosphotungstate solutions were also verified. After that, the
macroreticular anionic resin Amberlite Ira-900 was loaded with phosphotungstate anions, by
contacting the resin in nitrate forms with each of phosphotungstate solutions. The aqueous phase was
then drawn off and the loaded resin washed with distilled water.

(b) Synthesis of ammonium phosphotungstate resin (abbreviated as APW-R): precipitation of
ammonium phosphotungstate (APW) into the resin IRA900 structure.

The precipitation of inorganic cation exchanger was performed by contacting each of
phosphotungstate loaded resin with ammonium nitrate solution in HNO3 medium, at room
temperature. The resulting cation exchanger (APW-R) was separated, washed and maintened in 0.01
mol/L ammonium nitrate medium.

2.2 Distribution coefficient

The cesium distribution coefficient (IQ) was determined in APW-R exchanger/HNO3 system and
calculated by the equation: Kj = [(ArAf)/Af] V/M , (mL/g), where Aj and Af are the initial and
equilibrium radiochemical concentration (cpm/mL) of I37Cs in aqueous phase, V is the volume (mL)
of the aqueous phase and M is the weight of dry APW-R exchanger (g). Cesium-137 was checked
radiochemically using Nal(Tl) scintillation detector.

2.3 Column preparation

Experiments were run with 4 mm internal diameter glass column containing 12 cm bed height
of APW-R exchanger. Gravity flow rate of 0.3 mL. min"1 was employed throughout. The efficiency of
cation exchange property was verified using Cs(NO3) solution traced with 137Cs. All experiments were
performed at room temperature.

3. RESULTS AND DISCUSSION

3.1 APW-R exchanger

The APW-R obtained by using phosphotungstate solution prepared with W/P= 9.6, 9 hours
digestion time at 103°-105°C and 4 to 5 months aging time showed the greater Kj for Cs+ (Table I).
This exchanger was selected for cesium removal studies from acid nuclear wastes.

Table I. Influence of aging time of phosphotungstate solutions.
137Cs solution in 2.9 mol/L HNO3

W/P (molar) of Exchanger K<<
phosphotungstate APW-R Aging time (months)

solution
0.6 0.9 2.1 4 4.8 6.2 8.0 10.4

5.4 0.3

0.25
7.7
9.6
12.9
19.3

1
2
3
4
5

..
7.1
4.1
1.9

—
6.6

33.4
1.6

—
5.7
6.1
2.8

„

1.3
—

88.0
—
1.0

—
13

103
29
—

3.2 Cs+ distribution coefficient and capacity of APW-R column

Figure 1 shows the influence of acid concentration on the distribution coefficient of Cs+ in the
APW-R/HNO3 system. Cesium distribution decreases with increasing HNO3 concentration, therefore
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the higher nitric acid concentration, the smaller is the affinity of the exchanger for Cs+. Due to the
high acid concentration of high level liquid waste (HLLW) coming from first cycle Purex process,
APW-R column capacity for cesium removal from 4 mol/L HNO3 medium was investigated. The
breakthrough curve was obtained using 0.49 mg Cs7mL traced with 137Cs in 4 mol/L HNO3 solution
as shown in Figure 2. The results of column capacities are summarized in Table II. The cesium
recovery from loaded column was also determined using 8 mol/L NH4NO3 solution as eluent (Figure
3). An efficiency of 99.6% recovery was achieved.
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Figure 1- Effect of HNO3 concentration
on Cs+ distribution in APW-R exchanger

Figure 2- Breakthrough curve of cesium in
APW-R column. Loading solution: 0.49mg
Cs7mL in 4mol/L HNO3. Column bed: 0.97g
APW-R

Table II- Breakthrough capacity of APW-R column for Cs+ in 4 mol/L HNO3 medium.

Breakthrough (%) meqCs7g APW-R
0.4 0.015
11 0.019
53 0.025
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Figure 3- Elution curve of cesium from APW-R column
Eluent: 8mol/LNH4NO3 solution; column bed: 0.97g of APW-R
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3.3 Cesium removal from simulated acid nuclear waste

An high level nuclear waste simulated solution containing U(VI) (4.10"3 mol/L), 239Pu (IE,
IV, VI) (5.10-7mol/L), 237Np (V) (4.10"5 mol/L), 24IAm (III) (5.10"9 mol/L) and fission products Cs+

(3.10"5 mol/L) traced with 137Cs, Sr2+ (1.10"4 mol/L) traced with 89Sr, Eu 3+ (2.10*6 mol/L) traced with
152"I54Eu, Ce 3+ (10"3 mol/L) traced with 144Ce, tracer amounts of l311,51Cr in 4 mol/L HNO3 medium
was prepared. Uranium and transuranium elements were previously separated using two extraction
chromatographic columns [7, 8]. The first one, tri-n-butylphosphate impregnated on XAD7 resin
(TBP/XAD7) and the second one, octyl(phenyl)-N-N-diisobutylcarbamoylmethyl phosphine
oxide/tri-n-butylphosphate impregnated on XAD7 resin (CMPO-TBP/XAD7) were used. The effluent
coming from the second column was passed through APW-R resin to cesium isolation. After column
washing with HNO3, the sorbed cesium was recovered with 8 mol/L NH4NO3 solution with >90%
efficiency.

4. CONCLUSION

The precipitation of AWP, an inorganic exchanger, inside of the resin structure was
successfully demonstrated. In acid medium, condensation of phosphotungstate anions takes place
resulting different polyanions and consequently APW-R with different molecular structure and
distinct ion exchanger capacity. Parameters as W/P ratio, temperature and digestion time as well as
the aging time must be controlled during the preparation of phosphotungstate solutions. Cesium was
recovered from high concentration of nitric acid waste using APW-R in column operation with an
efficiency of >90% recovery.
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Abstract

The paper considers retrievability in the context of a facility type termed deep interim storage,
convertible to permanent disposal. Such a facility isolates the waste in a reliable manner
while keeping several options open. Options are obtained at cost and cannot be indefinitely
left open. Various aspects for pursuing this concept are discussed.

1. FUNCTIONS TO BE ENSURED

The notion of permanent is most commonly used to qualify the term disposal. Speaking of
disposal retrievability entails an explicit definition of the functions the geological waste repository is
supposed to perform over time. Both disposal and storage are expected to be capable of protecting
man and his environment in a reliable manner by isolating the waste. When this protection is
projected over a very long span of time, its upkeep must likewise be provided for, either by restoring
its quality on a regular basis or by ascertaining that its quality will remain unaltered, even in the event
the facility should be forgotten. Retrievability is a further precaution, over and above the
aforementioned notion of isolation. It implies the possibility of retrieving the waste packages from
the repository in order to dispose of them otherwise, e.g. transferring them to a different repository,
sorting them, providing new packaging, recycling the materials, etc.

2. TYPES OF FACILITY

The isolation of waste substances is ensured in the intermediate term, both in the case of
their storage at or below the surface, and in that of deep disposal. In the case of storage,
management over time is dependent on maintenance of the facility and regulated surveillance.
Underlying the design of the facility is the fact that the waste will need to be retrieved and
relocated to another facility, perhaps after undergoing a certain number of operations.
Retrievability is an integral part of the concept of interim storage. For a service-life that does
not exceed a few decades (which is the case for today's interim storage facilities), no scenario
considering the facility being forgotten needs to be taken into consideration in the design and
in the safety case. Maintenance is a safe and durable solution, provided the necessary
resources are supplied continually. In the case of deep disposal, management over time differs
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from above, and the closure and possibility of the facility being forgotten are taken into
account in the design of the facility and are examined in the safety case. The facility requires
no further upkeep once it has been closed.

The concept of retrievability from the repository entails designing a facility type that could
be termed «deep interim storage, convertible to permanent disposals This is a facility that
isolates the waste in a reliable manner while keeping several options open: retrieval of waste
packages from the repository for other uses, intentional closure, prolongation of the
retrievability. These options are obtained at a cost and cannot be left open indefinitely. A
decision process must accordingly be established in order to make sure control of the choices
is maintained over time.

3. RETRIEVABLE REPOSITORY

Two main concepts underlie the definition of a repository from which waste can be
retrieved: the first consists of considering that it is our duty towards future generations to take
charge of waste management as of today, thereby reducing to a minimum the «burden» they
will inherit; the second consists of affording future generations the opportunity to manage this
waste, without restricting their freedom of choice. A retrievable deep repository for
radioactive waste could be defined in the following terms:

«Means for managing long-lived radioactive waste that make it possible:

• to ensure the protection of mankind and the environment with respect to the associated
risks;

• to guarantee future generations have freedom of choice to dispose of the waste as they
prefer;

• to preserve, through the design of the facility which will accommodate the waste in deep
geological formations, the possibility of readily converting it to an installation capable of
isolating waste over the long term and complying with the protection and safety principles
that are in effect at the present time.»

Thus the objective is to conceive a deep waste repository that is safe and resistant in the face
of uncertainties deriving from the long term while still allowing future generations to decide
whether to retrieve the waste or to seal off the facility. According to the above definition,
three alternatives are available to future generations (see diagram):

• convenient retrieval of the waste, particularly if the technology of the day provides a
form of management such generations deem preferable to the repository with the option
of retrievability,

• continued temporary storage at depth which may entail more or less onerous
maintenance operations, or

• partial or total closure of the facility.

Retrievability requires that specific dates be fixed at the outset, in particular to decide which
of the aforementioned options has been selected for the future. This would be after having
carried out, as needed, remedial measures in order to restore conditions compatible with the
option selected. Retrievability thus applies to one phase in the lifetime of the facility. Even if
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retrievability, thus construed, does indeed suggest certain aspects of the facility design,
nonetheless the feasibility study of the industrial project will doubtless require a more precise
timeframe to be settled on. One working hypothesis might be to look at the feasibility of a
retrievability cycle that would consist of guaranteeing easy retrieval of the packages at the
conclusion of the operational stage of the facility (i.e., when waste packages are being
deposited in the geological layers). This would be for as long as was needed to retrieve the
packages from the facility. Such a cycle might reasonably last about one hundred years.

UTILIZATION PHASE OF ... NEW UTILIZATION PHASE OF
DES[GN ^ THE REPOSITORY ^ THE REPOSITORY

EMPLACEMENT OF ^ STORAGE
THE PACKAGES

Authorization Authorization

4. SOME QUESTIONS REGARDING THE SAFETY OF A REVERSIBLE REPOSITORY

First of all, answers need to be provided from a safety standpoint to the following
questions:

• The mechanical integrity of the excavated zones: keeping underground structures open for
an extended period poses the problem of adapting the supports. In particular, when the
facility is being designed, should supports be provided that have been reinforced to extend
their service-life, or rather should the stability of the structures rely on either surveillance
or maintenance? Moreover, protracted ventilation might, in clay formations, cause more
extensive drying in the sediment, thereby, potentially increasing its fragility; are then
compensatory measures called for in order to minimize this phenomenon?

• How to handle possible seepage of underground water: the reconnaissance methods during
tunneling that the operator intends to implement while excavating underground structures
aimed at minimizing the risk of encountering fractures liable to convey water. It is difficult
to dismiss out of hand that fractures of this type might be encountered, this will depend to
some degree on how extensive is the repository. Furthermore, the fact that aquifers are
penetrated in order to reach the repository's receiver medium requires that the access shaft
be made watertight where it passes through this type of formation. These different
considerations raise questions about how to design and to maintain over time devices for
sealing the discontinuities that are encountered. How is their efficacy to be preserved as
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long as the hydraulic containment properties of the medium have not been completed or
restored by filling up all the cavities?

• The mechanical integrity and the service-life of the waste packages: what technical
measures should be taken concerning package design for type B and C wastes, to allow
them to be handled under different scenarios for extending the utilization and retrievability
periods of the facility. This will doubtless be contingent upon to what concepts of
retrievability the repository had been adopted? Aside from the feasibility and cost aspects,
what might be the drawbacks to an «over-design» of waste packages for the purpose of
lengthening their service-life (for example, the effects of corrosion products, hydrogen
emission, an increase in volume through oxidation of metallic iron)? What types of
reversible closure of the storage cells would enable the oxidation of the package casings to
be reduced?

• Retaining over time the possibility of retrieving the packages and the space necessary to
manipulate them: what dispositions should be made for the storage cells and the barriers
engineered for the purpose? What disadvantages for the behavior of waste packages might
arise from these dispositions?

• The surveillance system that should be implemented, to verify that the facility is behaving
properly: what parameters should be monitored (deformation, temperature, hydrogen
content, state of the seals, condition of the waste packages, radioactivity, etc)? What
measurements can be made without manipulating the waste packages? What disadvantages
might be associated with this surveillance that are liable to impact the preservation of
radioactivity containment?

• Managing abnormal behavior: what dispositions need to be made?

It should be borne in mind that some of these questions are, to a certain extent, already
posed during the utilization phase of a storage facility, irrespective of whether or not it is
reversible. Because this phase is extended by adding a further retrievability phase, they
deserve to be regarded with yet more care, and new questions arise, conditioned by whatever
concept has been selected.

Excerpts from Safety Glossary (April 1998, IAEA):
• waste disposal: the emplacement of radioactive waste in an appropriate facility with no

intention of retrieving it.

• waste storage: the placement of radioactive waste in an appropriate facility with the
intention of retrieving it at some future time. Hence, waste storage is by definition an
interim measure, and the term interim storage should not be used.

• repository: an authorised facility for waste disposal.
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Abstract

In this paper mapping is defined as the topography of features connected with the use of nuclear
energy within geographical regions. For this purpose, proportional maps were used. As the
generation of radioactive wastes, mainly the high level waste, from nuclear power plants is
closely linked to the production of electricity, the power capacity of nuclear power plants in the
country is directly proportional to the generation of this type of waste. Therefore, statistical
data on the number of reactor units, the total nuclear electricity generating capacity or the
nuclear share of electricity generation have been used in this paper in order to demonstrate the
suitability of the mapping technique for visualisation of some nuclear energy and radioactive
waste generation related indicators.

1. INTRODUCTION

As a follow up to the 1992 United Nation's Conference on Environment and
Development in Rio de Janiero, the IAEA was assigned the responsibility to develop indicators
of sustainable development for radioactive waste management. This has to be carried out in
accordance with Chapter 22 of Agenda 21 Safe and Environmentally Sound Management of
Radioactive Wastes [1] and according to the UN Work Programme on Indicators of Sustainable
Development [2]. For the safe and environmentally sound management of radioactive wastes
legal, administrative and technical measures and their implementation into waste management
systems are needed. The role of the radioactive waste management indicators, among others, is
to facilitate this process and assist in an evaluation of the functioning of these systems in
various aspects and levels, so that compliance with the IAEA principles of radioactive waste
management can be fulfilled [3]. Maps are considered the most effective technique for
representing spatial relationships among statistical data [4,5]. Until now, the mapping technique
has not been applied in the representation of nuclear related indicators. This paper is an attempt
to use this technique for the visualisation of some nuclear energy and radioactive waste related
indicators on the basis of available statistical data.

2. INDICATORS OF SUSTAINABLE DEVELOPMENT FOR RADIOACTIVE WASTE
MANAGEMENT

In the framework of the UN work programme, sustainable development indicators should
be developed in accordance with several criteria; they must, amongst other things, be
understandable, clear, simple and unambiguous. They should be derived from data that are
readily available at a reasonable cost/benefit ratio, adequately documented, of known quality
and updated at regular intervals [1].
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By the end of 1998, three sets of preliminary waste management indicators have been
proposed by the IAEA, namely 2 driving force, 2 state and 1 response indicators. These are:
DFI#1 Radioactive Waste Arisings, DFI#2 Radioactive Discharges, SI#1 Quantity of
Radioactive Waste for Disposal, SI#2 Quantity of Radioactive Waste for Disposal from Past
Practices, RI#1 Safe and Environmentally Sound Management of Radioactive Waste. Further
indicators are still under development. It was found that choosing proper units for expression of
these indicators from the viewpoint of development and sustainability is rather difficult.
Nevertheless, the respective units are for DFI#1 m3/a, DFI#2: Sv/a for an individual of the
critical group, SI#1 and SI#2 mVa, with breakdown among different waste categories. To the
RI#1 no unit or numerical value was assigned [6].

3. REPRESENTATION OF THE INDICATORS USING PROPORTIONAL MAPS

In this paper mapping is defined as the topography of features connected with the use of
nuclear energy (i.e., electricity and radioactive waste generation based indicators) of
geographical or geopolitical regions. For this purpose, proportional maps were used. As the
generation of radioactive wastes, mainly the high level waste, from nuclear power plants is
closely linked to the production of electricity, the power capacity of nuclear power plants in the
country is directly proportional to the generation of this type of waste. Therefore, statistical
data on the number of reactor units, total nuclear electricity generating capacity or nuclear share
of electricity generation have been used in this paper in order to demonstrate the suitability of
the mapping technique for visualisation of some of nuclear energy and radioactive waste
generation related indicators. In the proportional maps the relative position of the entities
concerned (viz. countries), is more or less natural, while their size (area) is proportional to the
extent of certain indicators (number of reactor units, total nuclear electricity generating
capacity or nuclear share of electricity generation, etc.). Thereby the relative weights of
countries are easily visualised and, assuming an implicit knowledge of the natural proportions,
significant deviations can readily be observed. By complementing two-dimensional maps with
suitable shading or colouring (or their combining), multidimensional representations of
indicators become possible.

4. CONCLUSIONS

Mapping appears to provide suitable tools for representing and analysing indicators
relating to the generation of electricity and radioactive wastes in the nuclear industry.
Especially, it may also help to define and characterise the relationship of metropolitan and
provincial areas to nuclear activities, including radioactive waste management.
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Abstract

Efforts were made to accelerate decommissioning, particularly of the nuclear power plant Al
of the HWGCR type. Progress made and current developments in this subject area are
reviewed. Radioactive waste categories are described along with release criteria. An
overview is provided on contaminated scrap and the sorting of contaminated soil and
concrete.

1. INTRODUCTION

The Slovak electricity company presently operates three nuclear power stations made up
of five WWER 440 type units (4 units in Jaslovske Bohunice and one unit in Mochovce, the
second unit is under commissioning). This represented 28.1% of the total installed generating
capacity in 1998; their production representing 43.8 % of the total electricity produced.

The nuclear power plant Al, also located at Jaslovske Bohunice, was a HWGCR type.
This reactor was operated from 1972 and shutdown in 1977 after an accident affecting the
integrity of the primary coolant system. A decision on decommissioning of NPP A-l was
taken in 1979, but the start of the decommissioning was delayed and progressed slowly for
many reasons. The main reasons were: the problem of damaged spent fuel transport for
reprocessing, existence of abnormal radioactive waste (containing alpha nuclides) and
insufficient capacity of radioactive waste conditioning, storage and disposal facilities. There
were also no specific regulations for decommissioning and a lack of funds.

More recently considerable effort has been dedicated to improvement of the legislation,
to create the necessary financial resources for the decommissioning activities and also to
change the decommissioning, radwaste and spent fuel management policy. All these activities
have resulted in the general acceleration of decommissioning planing and decommissioning
activities.
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2. DECOMMISSIONING MATERIAL AND RADIOACTIVE WASTE MANAGEMENT
POLICY

According to the design strategy, almost the total volume of radioactive wastes
produced during operation is stored in tanks and storage vaults at Jaslovske Bohunice power
station. The originally designed storage volumes are almost full.

The main effort in Slovakia in recent time has been to provide the nuclear power
stations with the basic technologies routinely used in western plants for conditioning of waste
and for the operation of disposal facilities for conditioned waste. The facilities for treatment
and conditioning of radwaste are now in operation or in the phase of active testing. The
installed technologies are, in principle, able to transform all radwaste into a form suitable for
disposal/long term storage. The near surface repository for low level and intermediate level
waste is also available, but its capacity is insufficient for all the decommissioning waste
(including WWERs). Radioactive waste, which will comply with repository acceptance
criteria, will be disposed of in this repository. The conditioned radioactive waste, which is not
acceptable for near surface repository, will be stored at the nuclear power station sites until a
deep geological repository is available. This type of repository is at present in the phase of
research and development. Management of the third group of radioactive waste namely very
low level waste is currently under development. There are principally two types of these
materials at nuclear power station Al: contaminated scrap and contaminated soil/concrete.
Decontamination facility of low contaminated scrap is underway. Measurement equipment for
enabling material release is under development. A combination of decontamination and re-
melting is also under evaluation. Low contaminated soils and concrete can in some special
cases ~be released or re-used, but mostly they will be disposed as radioactive waste. At present,
the evaluation and assessment of disposal technologies for very low level radioactive waste as
well as detailed rules for their release are under development.

2.1 Radioactive waste categories

In the NRA regulation on radioactive waste and spent fuel management (under
preparation) the radioactive waste categories are defined as follows:

very low level waste — waste with the activity higher then exemption levels, which under
special conditions (disposal in not solidified form at conventional repository or at special
radwaste repository ) will not cause to the individual dose to public higher then 0.01 mSv/year
and collective dose higher then 1 mSv.

low and intermediate level waste - waste with the activity higher then exemption levels and
residual heat release lower then 2kW/m3:

waste with beta, gamma nuclides (alpha activity is lower then 370 Bq/g) acceptable for
near surface repository

waste with beta, gamma nuclides (alpha activity is lower then 370 Bq/g) non-
. acceptable for near surface repository

waste with alpha nuclides (alpha activity is higher then 370 Bq/g)

high level waste - waste with residual heat release higher or equal to 2kW/m3
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The rules for waste management of very low level waste are under preparation. The first
two categories are candidates for decontamination and clearance. Slovak national clearance
levels are in comparison with EU recommendation too prescriptive and too strict. This fact
will minimise clearance and reuse and increase the waste volumes, especially very low level
waste.

2.2 Release criteria

The Ministry of Health is the authority establishing generally applicable standards for
exemption, clearance and authorised release (Act No. 272/1994 Coll. on Protection of
Population Health, amendment No. 222/1996 Coll. and No. 290/1996 Coll.).

The main criteria for solid material release are in accordance with IAEA /NEA guidance
(Safety Series No. 89) on exemption/clearance principles based on limit of effective dose for
individual (average member of the critical group) 0.01 mSv/y from each exempt/clear act and
on limit of collective effective dose 1 Sv/y.

Supporting derived limits for surface activity of released metal materials (clearance
level) 3 kBq/m2 (beta, gamma), 0.3 kBq/m2 (alpha) and specific activity 0.1 kBq/kg (over the
natural activity - background) were established.

Because it is unlikely that unconditionally cleared materials will contain truly uniform
levels of contamination, procedures were developed for determination the appropriate mass or
material surface over which radionuclide quantities may be averaged. The probability of the
release of material pieces with significantly higher specific activity than the recommended
levels can be reduced by averaging over small mass portions and surface areas. Therefore the
following conditions were involved:

• For each part of surface corresponding to area of 0.03 m2 applied limit for surface activity
is 3 kBq/m2 (beta, gamma) and 0.3 kBq/m2 (alpha). For spots which surface is below 0.001
m2, the applied surface activity limit could be 10 x higher, keeping the previous rule.

• Specific activity limit 0,1 kBq/kg is applied for each one ton of material. Specific activity
of each individual piece must be lower than 1 kBq/kg, keeping the previous rule.

The derived criteria for metal scrap remelting are also codified in this Act. They are
based on fact of activity reduction and dilution by melting, and allow to use for remelting and
then for unconditional reuse the metallic waste with specific activity 10 x higher than for
direct release. The conditions for averaging are the same as for direct release. The total
activity of materials taken for remelting from one site is 1 GBq per year.

3. VERY LOW LEVEL RADIOACTIVE MATERIALS INVENTORY AT NPP Al

3.1 Contaminated scrap

More then 1200 tons of scrap resulting from dismantling of auxiliary equipment and
contaminated part of secondary circuit of NPP Al are sorted and prepared for
decontamination. Thetotal activity is about 10 E+ll Bq, what represents average specific
activity 120 Bq/g (mostly Cs 137) [1].
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Another source of very low level radioactive metallic material is the reconstruction of
NPP VI. This scrap will be decontaminated and measured with the same equipment as
material from NPPA1.

3.2 Contaminated soil and concrete

According to specific activity, soil and concrete are sorted into five groups:
1) < 100 Bq/kg, release after safety assessment, no remediation;
2) 100 - 500 Bq/kg no remediation, disposal on municipal repositories after

safety assessment;
3) 500- 3 000 Bq/kg, remediation, about 4000 m3 stored in concrete trench

(cooling tower structure) with average activity 350 Bq/kg, disposal after safety
assessment;

4) 3 000- 10 000 Bq/kg, remediation, about 2000 m3 stored in special storages,
average activity cca 10 000 Bq/kg, sorting (historical waste), disposal after safety
assessment;

5) >10 000 Bq/kg, will be stored in drums, conditioning and disposal in existing
near surface repository.

Approximately 3000 drums with the mixture of solid waste (historical waste), what
represents 600 m 3 , are prepared for sorting, partial conditioning and disposal in existing
near surface repository.
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Abstract

The case is made in this paper that a regulatory framework with regard to radioactive
materials is a key aspect in moving El Salvador, and by the same token other Third World
countries, to the goal of sustainability. Sustainable development is discussed, along with
issues in relation to radioactive materials, the process and connections.

1. INTRODUCTION

In fewer than three centuries, humanity has managed to contaminate the entire global
environment - the fouling of the nests, so to speak, has accelerated during the 20th century.
This coupled with the virtually unrestricted resource consumption, global warming and the
population explosion has brought us to a rather serious situation - potential extinction.
Reputable environmentalists are now suggesting that modern society has all the characteristics
of a cancer, the principal one being that, in the end, it destroys itself by killing the host. That
may sound overly dramatic, but it does give us as pause.

Many countries of underdeveloped world - El Salvador among them - have been very
active in recent years in promoting the voluntary use of mechanisms of control on the use of
radioactive materials. The Ministry of Environment and Natural Resources of El Salvador
(MARN) is in the process of developing a framework for the establishment a national policy
in relation to this matter; so in the near future, it will be a key component of the country's
environmental management.

Within these considerations, I would like to make the case that a regulatory framework
with regard to radioactive materials is a key aspect in moving El Salvador, and by the same
token other Third World countries, to this goal called sustainability. It will seem logical that I
start by describing sustainable development, and then I will look at the issues in relation to
radioactive materials, and in the process, look at the connections.

2. WHAT IS SUSTAINABLE DEVELOPMENT?

The general discussion of the question of sustainability was triggered by the report of
the World Commission on Environment and Development which was published in 1987. This
report drew urgent attention to the dangers threatening all the countries of the world if they
continue to base their development on practices which are neither ecologically, nor socially o
even economically sustainable.
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In the 80s and 90s the concepts of sustainability and sustainable development have
found their way increasingly into all discussions concerning the present and future
exploitation of our resources, economic development in general, and many other topics. It
should be noted, however, that the definitions of these concepts are not always unambiguous
and, indeed, were or still are sometimes highly contradictory.

By itself, the world sustainability does not mean very much or its meaning is very
vague and uncertain. Sustainability is therefore defined in very different ways, depending on
the origin, point of view, etc. of the person using the word. The concept begins to take shape,
and what it means becomes clearer, only when it is used in connection with an object or
something concrete. Before trying to come grips with the concept of sustainability or
attempting to draw operational conclusions from it, the first thing to do, so it would seem, is
to establish in what area or for what object sustainability is to be achieved. Recently,
therefore, the concept has to come to be used increasingly in conjunction with a specific
object, e.g. sustainable resource use, sustainable agriculture, sustainable policies, etc.

hi his critical analysis of the phrase sustainable development Lele (1991) states that it
is necessary to distinguish between a literal, an ecological and a social explanation of the
concept 'sustainability'.

As used by the ecological movement, the concept sustainability means the 'existence
of the ecological conditions necessary to support human life at a specified level of well being
through future generations'. According to Lele what is being talking about here is 'economic
sustainability' which in the view even of many social scientists also comprises to social
aspects. In contrast, Barbier (1987) defines 'social sustainability' as ' the ability to maintain
desired social values, traditions, institutions, cultures, or other social characteristics'.

These discussions of the concept of 'sustainability' may very well be scientific
justified, but the various practical problems are usually too complex to be assigned to this or
that category. In fact, the various categories to some extent mutually influence one another.
For example, in the long or the short run the lack of sustainability in the ecological sector will
have a negative effect on social sustainability, and vice versa. As long as one is aware of this
fact, it is perfectly possible to follow the definition contained in the World Food Programme
(1991) or comparable definitions, namely: 'To allow for future generations requires that we
preserve our remaining resources and that we heal or rehabilitate resources that have been
treated carelessly in the past. To do these things systematically is to follow a path of
environmentally sustainable development'.

The FAO (1992), By proposing a wider definition, attempted to give the concept
'sustainability' a realistic operational character defining it as ' The management and
conservation of the natural resource base and the orientation of technological change to ensure
that attainment and continued satisfaction of human needs - food, water, shelter, clothing and
fuel - for present and future generations. Such sustainable development, including agriculture,
forestry and fisheries, conserves generic resources, land and water resources, is
environmentally non-degrading, is technically appropriate, is economically viable and socially
acceptable.'
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On the other hand, the Brundtland Report gives a very simple definition of sustainable
development 'meeting the needs of the present without compromising the ability of future
generations to meet their own needs'. This goal which few would quarrel. But then, by itself,
it does not help much either, because, for the Brundtland Report, the concept had a much
larger significance. Within their broad and comprehensive view of the world, its members saw
as never before a wide range of interlocked and disastrous global trends in population, food
security, ecosystem degradation energy consumption, industrial pollution, urban
overcrowding, the green house effect, the ozone layer depletion, and more. When considered
together, these trends showed the Commission that the world is on a course that cannot be
sustained - certainly not indefinitely, and in some cases not even much longer.

The Commission members believed that the wasteful exploitation and consumption in
wealthy countries and the poverty scarcity in poorer ones were no longer sustainable. Indeed,
both pose real and significant threats to global security. Whatever may have been the
relationship between development and environment in the past, the Commission decided from
now on that environmental conservation and protection is an would continue to be critically
dependent on continued economic development. In fact sustainability has two sides: economic
and environmental. Sustainable development occupies the common ground that human beings
can afford and the environment can accept. The concept implies that such ground exists and
must be pursued.

3. SUSTAINABILITY AND RADIOACTIVE WASTE

When we considered the set of problems associated with sustainability on the one hand
and radioactive waste on the other, the question arises as to whether both are compatible.
According to many analysts and scientists, even if totally safe nuclear plants could be
constructed, disposal of the leftover radioactive waste would still be a major problem. Up
until early 1990s, most radioactive waste was dumped into the ocean. It is estimated that
90,000 metric tons of radioactive waste already lie on the ocean floor.

Since the early 1980s, alternative methods of disposal have suggested, studied, and
tested, but none are in full operation. In fact, some countries have tried to use the soil of Third
World countries as disposal places in clear violation to international agreements. It is well
documented that the main producers of radioactive waste are the advanced countries. For
instance, radioactive can be divided into high-level waste, which includes spent fuel rods,
from nuclear power plants and old nuclear weapons, and low- level waste, which includes any
other radioactive materials from nuclear plants such as the coolant, and from medical facilities
that routinely use radiation for treatment and diagnostics.

Tons of high-level radioactive waste, including 21,000 metric tons of spent fuel rods,
are stored in temporary facilities awaiting a final destination. Probably, this is the main
problem that countries with this kind of industry have to face. Here, one of the easy
alternatives contemplated by several industrial countries has been to offer financial aid to poor
countries and receive in exchange the use of permanent disposal places for radioactive waste.
This represent a serious threat for Third World countries.

In the final analysis, the problem of radioactive materials and sustainability always has
to be viewed in conjunction the institutions that are responsible for protecting the
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environment. This is because it is impossible to guarantee the sustainability of any society if
no institution exists to ensure the compliance with the environmental laws. We have to
remember that modern regulations are structured to prevent problems as opposed to simply
setting out penalties.

There is a belief that the new millennium will be a 'litmus test'- a make it or break it
time for society. We are at a crossroads and it is imperative that we begin to resolve some of
the environmental issues which threaten our planet.

Environmental stewardship has arrived and is here to stay. We are turning to
environmental laws and policies as key element of environmental management (Ireland and
Perla-Alfaro 1999). Regard it in the important context of pollution prevention - an essential
ingredient of sustainable development.

4. CONCLUSION

Unequivocally, a driving force behind the regulations with regard to radioactive waste
is the desire of the governments to protect the welfare of the inhabitants and to identify risks
to the environment. In a situation such as we find ourselves in the Third World, and
particularly in El Salvador, the regulatory framework is a critical tool. It enables us to
establish priorities and promptly implement corrective actions to ensure the protection of our
environment. Soon, the country will be expanding the scope of environmental regulation to
include radioactive products and processes and procurement patterns as we seek discipline on
the path to sustainable development. The bottom line is this: sustainable development is the
context. Environmental regulation is the tool.
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Abstract

The Ghana Atomic Energy Commission was established in 1963 by an Act of Parliament, Act 204 for
the Promotion, Development and Peaceful Application of Nuclear Techniques for the Benefit of
Ghana. As in many developing countries the use of nuclear application is growing considerably in
importance within the national economy. The Radiation Protection Board was established as the
national regulatory authority and empowered by the Radiation Protection Instrument LI 1559 (1993).
The above regulations, Act 204 and LI 1559 provided a minimum legal basis for regulatory control of
radioactive waste management as it deals with waste management issues in a very general way and is
of limited practical use to the waste producer. Hence the National Radioactive Waste Management
Centre was established in July 1995 to carry out waste safety operations in Ghana. This paper
highlights steps that have been taken to develop a systemic approach for the safe management of
radioactive waste in the future and those already in existence.

1. INTRODUCTION

Waste management is considered to be an integral part of the measures necessary for the safe
utilization of nuclear techniques. Research and development in the field of nuclear science and
technology have led to its wide-scale application in research, medicine, industry and agricultural. In
common with other human activities, these practices generate waste that require safe management and
disposal to ensure the basic goal of protecting mankind and the environment from the actual and
potential radiological hazard that these waste pose. With Ghana operating a research reactor, a
gamma irradiation facility, a large radiotherapy facility and a nuclear medicine facility and the
increased use of radioactive materials in industry, the need for a national radioactive waste
management infrastructure is vital. The National Radioactive Waste Management Centre (NRWMC)
was established in July 1995 to carry out waste safety operations in Ghana. The main task of the
NRWMC is to develop and establish a radioactive waste management infrastructure that will meet all
the needs of Ghana. The first phase of the NRWMC programme covers establishment of
administrative structures, development of regulations and development and construction of
radioactive waste processing and storage facility for the treatment, conditioning and storage of
radioactive waste. In the second phase a central waste repository for the final disposal of radioactive
waste [1] will be developed and put into operation.

2. EXISTING AND EXPECTED WASTE

Presently radioactive waste is generated from research, medical and industrial use of radionuclides.
Records available indicate that there are more than fifteen institutions in Ghana utilizing radioactive
materials. The largest individual waste generator is the National Nuclear Research Institute. Its main
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waste generating activities are, radiotherapy and nuclear medicine, pesticide research, radio-
pharmacy, neutron activation analysis and from the gamma irradiation facility.

In the medical field short lived radionuclides 1-125 and Tc-99 have been used as open sources. Ra-226
needles were used in brachytherapy at Komfo Anokye Teaching hospital. In the field of research, Co-
60 is being used for irradiation and calibration. Am-Be is being used in neutron activation studies.
The research activities also generate P-32, C-14, H-3 and S-35 wastes. In the industries Ir-192 is being
used for gauging, Sr-90 for thickness measurement and Am-241 + Cs-137 for well logging. The
activities of the waste generated currently range from a few Bq to GBq [2]. The inventory of waste in
storage is shown in Table 1.

TABLE: 1

Nuclide Type Form Activity per source (mCi) Quantity

27

3
1
2
1
1
1
1
2
10
6
1
77
12
10
11

Most of the liquid waste has been conditioned and immobilized using cement. The Ra-226
needles have also been conditioned with the help of an AFRA specialized radium
conditioning team from South Africa under the supervision of an IAEA expert.

With the increasing use of radioactive materials and the establishment of nuclear and large irradiation
facilities, the amount of waste to be generated will increase. Radioactive waste from these facilities
will include spent ion exchange resins from the nuclear reactor water purification system,
incompatible solid waste from mechanical filters, liquid and organic waste, spent fuel from the
nuclear reactor and spent sealed sources made up of between 185GBq andl.85 PBq of Co-60. It is
estimated that four 200L drums will be needed annually to store conditioned waste that will be
generated [3].

3. LEGISLATIVE FRAMEWORK

To meet the fundamental objective of radioactive waste management there is a need to develop a
legislative structure that will ensure nuclear and radiation safety. The Ghanaian legislation regulating
the use of radioactive materials is based on two documents. Act (204) setting out basic principles of
peaceful uses of atomic energy and Radiation Protection Instrument LI 1559 (1993) defining the role
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Sr-90
Cd-109
Ir-192
Fe-59
1-129
Co-57
Co-60
Sr-89
Tl-204
Cs-137
Cf-252
P-32
Tc-99m
In-113m
H-3
Ra-226

Sealed
Sealed
Sealed
Sealed
Sealed
Sealed
Sealed
Sealed
Sealed
Sealed
Sealed
Unsealed
Unsealed
Unsealed
Unsealed
needles

Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Liquid
Liquid
Liquid
Liquid
solid

1.0-20.0
3.0
5.0
100.0-200.0
125.0
1.0
1.0
129.0
1.0
1.0-9.0
20.0
10
135
50
10.0
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of the Radiation Protection Board (RPB) [4,5]. Within the international Atomic Energy Agency
(IAEA) model project INT/9/144 and the African Regional Cooperation Agreement (AFRA) project,
a new regulation aimed at radioactive waste management has been drafted. The initial draft was
reviewed by the RPB [6]. A national seminar on the Understanding and Implementation of the
Regulations on Radioactive Waste Management in Ghana was held on 9 - 11 October 1996. The final
outcome of the draft regulation was sent to the Attorney General's office for the necessary legal
review. The drafted regulation is receiving the attention of government for promulgation. The
guidelines for the implementation of the regulation will be complete by a set of eighteen practical
Guidelines and Codes of Practice [7]. The regulation is based on a separation of responsibilities
between the operating organization (NRWMC), waste generator and the regulatory body (RPB). The
primary responsibility for safe management of wastes rests with the waste generator unless the
responsibility has been transferred to the NRWMC. The waste generator is responsible for on site
segregation, collection, characterization and temporary storage of the waste arising from his activities.
The NRWMC is the designated national centralized facility. It will have the requisite facilities for the
treatment, conditioning and storage until a final disposal facility is established and becomes
operational. The NRWMC will take control of the waste where the generator is incapable of handling
the waste or the generator no longer exists. The RPB is responsible for the enforcement of
compliance with the provisions of the waste management regulations and all other relevant
requirements by the waste generators and the NRWMC and the implementation of the licensing
process for generation and management of radioactive waste.

4. WASTE MANAGEMENT PRACTICES

The regulations prescribes the regulatory requirements on the various aspects of waste management
operations covering; segregation to storage. NRWMC staff will carry out collection of waste from
waste generators. All waste that is not likely to decay to clearance levels within one year will be
transported to the NRWMC. Transportation will be carried out by a light truck, with arrangement for
fastening down of transported packages. All waste will be accompanied by a document with detailing
the characteristics of the waste. Primary control of waste to check for acceptance criteria by the
NRWMC staff will be carried out at the waste generation site. At the waste processing facility an
additional control and analysis will be carried out, especially if needed for treatment and processing
purposes. Decay storage is considered for short-lived low activity spent sources that will decay to
clearance levels. The conditioned waste is expected to meet the waste acceptance criteria being
developed by the NRWMC before storage. From the point of view of technological requirements, the
cemented waste shall be stored in the waste processing facility for at least 24 hours before being
transported to the storage facility.

5. FACILITIES

It was recognized quite early in Ghana's nuclear programme that the safe management of radioactive
waste is vital for its success. In view of this, a system of waste storage and processing facilities were
constructed for the planned 2MW-research reactor that was not built. It consist of a decontamination
unit, two concrete vaults (about 5 x 15 m and 4 m deep) intended for low and intermediate level waste
storage and three rows of concrete wells (about 0.5 m diameter x 4.6 m) for storage of spent fuel.
Safety and performance assessments of these facilities have been carried out with the help of IAEA
experts to ascertain their suitability for waste processing and storage. The assessment indicated that
the decontamination unit and the wells are still in good conditions and are therefore under
refurbishment for use as waste processing and storage facilities. The rehabilitation work commenced
in the latter part of 1998 and is expected to be completed by 2000. A new storage facility with a
capacity of 100 200L drums is also being constructed to complement the existing structures. This new
facility is in line with the current trends in nuclear technology development in the country. A
laboratory is also being established to carry out leaching studies. The NRWMC has an interim storage
facility, which consist of a concrete building with a room of 6.15 m x 3 m in dimension.
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6. CONCLUSION

Radioactive waste management is in its infancy in Ghana. Promulgation of the National Radioactive
Waste regulations and the relevant supporting document as well as the establishment of the Central
Waste Processing and Storage Facility will lay a solid foundation to ensure waste safety in the
country, particularly when considering the increasing use of radioactive materials and the operation of
nuclear facilities in the country. Quality assurance and control systems are being developed to guide
the operators of the waste management facilities. A basic operational laboratory will be installed.
Furthermore the Ghanaian Parliament has approved ratification of the Joint Convention on the Safety
of Spent Fuel Management and on the Safety of Radioactive Waste Management. This indicates the
Government's support for the NRWMC activities. The IAEA/AFRA have been very supportive in the
establishment of our waste management infrastructure through expert missions and the training of
staff.
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Abstract

The equivalent conductivities A of dilute aqueous solutions were measured at 25°C for Cs, K
and Na salts of [Cr(ox)3]

3" and Rn(C6H5.n)SO4" in order to study the interactions between these cations
and anions, where ox is 1,2-ethandioato ion (oxalato ion), R is methyl or isopropyl group and n is the
number of alkyl group. The equivalent conductivities at infinite dilution A° and the concentration
dependence of A, -dA/dI1/2 were determined, where I is the ionic strength. Assuming that the deviation
of -dAJdl112 from the theoretical concentration dependence of A is due to the formation of
]vr[Cr(ox)3]3" the ion association constant K^ was calculated. The values of K ^ are 46.5 and 55.0
for Cs, K and Na salts of [Cr(ox)3]

3" respectively. This tendency was explained in terms of the
interaction between [Cr(ox)3]

3' and solvent water. On the other hand, Rn(C6H5.n)SO4' are not
associated with Cs, K and Na ions. However the solubility of Cs salt of (C3H7)3(C6H2)SO4' is much
smaller than Na salt. This suggests that 2,4,6-(C3H7)3(C6H2)SO4' is useful for the analysis of Cs+ by
the precipitation titration.

1. INTRODUCTION

Cesium-137 is one of the fission products of uranium-235 and has a long half life.
Radioactive cesium could pose a serious hazard to human beings for a long period of time if released
into the environment. In order to decrease any effect in the environment on human beings, it is
important to remove it from the environment. However, the removal of the Cs ion is very difficult
because the Cs ion, which is large and has a small charge density, interacts weakly with many
substances, including water molecules, that reagents are not readily available for the separation of the
Cs ion.

It is well known that ferrocyanide i.e., hexacyanoferrate(II) compounds and ammonium
molybdophosphates have strong affinities to cesium because they have large crystal lattices which are
adequate to large ions such as Cs and Fe [1,2]. After the Chernobyl accident, the ferrocyanide
compounds were used for the removal of radioactive cesium from milk and the human body.
However, since these inorganic compounds are in the form of fine powder, it is difficult to handle
them in aqueous system and to recover Cs from them. In order to improve the weak points, several
attempts such as deposits on inactive supports have been tried, although without essential
improvement. It is noted that the recovery method of Cs from ferrocyanide compounds by the
oxidation of ferrocyanide compounds was found recently [3]. Also known are sodium salts of large
organic anions such as tetraphenylborate ion, (C6H5)4B" from the precipitation of Cs salt. This
reaction was applied to the separation of Cs [4].

Recently several researchers developed the preparation method of the fibers which have some
functional groups such as ion exchange groups [5]. This technique can be available to the removal of
Cs if the functional group which has a strong affinity to the Cs ion is found. Then it is useful to study
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the interaction between the Cs ion and anions in order to find new removal materials of the Cs ion
from water.

It is known that an ion in water is surrounded by three regions whose water structure are
different: (1) a region where solvent water molecules are firmly oriented toward the ion by the strong
coulombic force (structure making region), (2) a region where the water structure is more random
than normal water and (3) a region of normal water. On the other hand, a non polar solute which is
hydrophobic increases the hydrogen bond network around itself and orders the water structure in
different style from the ion. Moreover it has been found out in metal complexes that the solvent water
molecules invade the space between ligands and contract to the coordination atoms of metal complex
ions [6], These suggest that the water structure around the ion is affected by the hydrophobic groups
near the ion. Then it is interesting to study the effect of the substituted groups near ion on the
interaction between Cs ion and anion. In this paper, the interactions between Cs ion and anions were
studied by the conductivity measurements of aqueous dilute solutions.

2. EXPERIMENTAL ASPECTS

Materials:
K3[Cr(ox)3] was prepared by the method in the literature, where ox is 1,2-ethanedioato (oxalato)
ion.[7] Na3[Cr(ox)3] and Cs3[Cr(ox)3] were prepared by using Na2Cr04 and Cs2Cr04 made from Cr2O4

in a similar manner to the preparation of K3[Cr(ox)3]. p-toluene sulfonic acid, 2,4,6-trimetyl benzene
sulfonic acid and 2,4,6-isopropyl benzene sulfonyl chloride were reagent grade commercial products
(Tokyo Kasei Co., Tokyo). Sodium, potassium and cesium p-toluene sulfonate (MBS) and 2,4,6-
trimetyl benzene sulfonate (TMBS) were prepared by mixing the corresponding metal carbonate and
acid. MBS and TMBS were crystallized from water. Sodium, potassium and cesium 2,4,6-
triisopropyl benzene sulfonate (TPBS) was prepared by the following method; 2,4,6-triisopropyl
benzene sulfonyl chloride was changed to sulfonyl ester by the reflux in ethanol for 8 hours and then
ethanol was evaporated. This ester was changed to the acid by the hydrolysis in hot water. The
obtained acid solution was mixed with sodium, potassium and cesium carbonate, respectively.

Spectrophotometric measurements:
the absorption measurements of salt solutions were carried out by the spectrometer (Beckman
DU7400) using a cell of 1 mm light-length path.

Conductivity measurements:
the solutions were prepared by using the conductivity water (1.2X10"6 S cm'1; S, Siemens, is defined
by ohm'1). Conductivities of salt solutions were measured at 25 °C by the conduction meter (Orion
Research Inc. MA. USA, model 140 and Yanagimoto Co.,MY-7) with platinum black electrode
(Metrohm EA240).

3. RESULTS AND DISCUSSION

3.1 Interaction between metal ions and [Cr(ox)3]
3\

Table 1 shows the conductivity data of Na3[Cr(ox)3], K3[Cr(ox)3] and Cs3[Cr(ox)3]. Fig.l
shows the plots of equivalent conductivity A against ionic strength I1/2 which equals to (l/2)S(mzi2),
where m; is ionic concentration and z is the charge of ion, i. The equivalent conductivity at infinite
dilution A0 of M3[Cr(ox)3] were obtained by Onsager's method of extrapolation. A°(M3A) equals to X
°(M+) + X°(A3') and the values of A,°(M+) are 50.1, 73.5 and 77.3 S cm2 mol"1 for Na+, K+and Cs+

respectively, where X°(M+) and X°(A3~) are the limiting ionic equivalent conductivies of alkali metal
ion and [Cr(ox)3] respectively. The values of A0 of M3[Cr(ox)3] gave the consistent value (82.0 + 0.3
S cm2 mor°of X° of [Cr(ox)3].
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The X° is given by 0.0435z/67ttirs on the basis of the Stokes' formula, where r| is the viscosity
of water and rs is the radius of ion. [8] This relation shows that the rs is proportional to the reciprocal
of X°. The rs and X° depend on the size of ion as well as on the interaction between the ion and solvent
water. The X° values of [Fe(CN)6]

3" and [Co(en)3]
3+ are 100.9 and 74.7 S cm2 mol'1 respectively. [9]

On the other hand, the partial molar volumes at infinite dilution of [Cr(ox)3]
3\ [Fe(CN)6]

3",
[Co(en)3]

3+ and [Co(en)3]
3+ are 137, 136 and 118 cm3 mol"1 respectively. These show that the

interactions of these ions whose sizes are similar against solvent water decrease with increasing the ^°
. Thus, the sequence of the interaction between ion and solvent water is as follows:

[Co(en)3]
3+ > [Cr(ox)3f > [Fe(CN)6f.

The relation between A and the concentration was analyzed according to the equation of
Onsager,

A = A°-bI1/2 (1)
where b is the theoretical constant. Fig. 1 shows the plot of A against \m , the broken lines represent
the theoretical line calculated equation 1.

The deviation of A vs lm plots from the theoretical Onsager line is assumed to be due to the
outer-sphere association of [Cr(ox)3]

3' with the cation M+,
M* + [Cr(ox)3]

3" = Ivf [Cr(ox)3]
3-

The degree of dissociation of lvr[Cr(ox)3]3' was determined from the conductivity data
according to the method of Jenkins and Monk, and the formation constants K ^ of the ion association
were calculated at each concentration, assuming that the X° values of M+[Cr(ox)3]

3' equal to 2/3 of
[Cr(ox)3]

3\ [10]

Fig. 2 shows the plot of K ^ against I1/2. The K^ values of Na3[Cr(ox)3] and Cs3[Cr(ox)3]
depend on the salt concentrations. The K ^ at the infinite dilution, K^ 0 was determined by the
extrapolation of K ^ to 0 concentration. The values of K^0 are 56, 46 and 5.0 for Na3[Cr(ox)3],
Cs3[Cr(ox)3] and K3[Cr(ox)3] respectively. The Kass° of K3[Cr(ox)3] is smaller than the K^ 0 of
K3[Fe(CN)6]. [11] Moreover it was observed that the KasS° of Co3[Cr(en)3]X3 tends to decrease as the
radius of halide ion X increase. [12] These suggest that the magnitude of K^ 0 depend on the
combination of cation and anion. However it is necessary to have a more detailed knowledge on the

of other systems in order to find out the reagents which have a strong affinity to the cesium ion.

3.2 Interactions between metal ions and substituted benzenesulfonate ions.

Table 2 shows the values of A.0 substituted benzenesulfonate ions. These values decrease with
increasing the number and chain length of substituent alkyl group. This is explained in terms of the
size of substituted benzenesulfonate ion.

Fig. 3, 4 and 5 show the plots of A against I112 for p-toluenesulfonate (MBS), 2,4,6-
trimethylbenzenesulfonate (TMBS) and 2,4,6-isopropylbenzenesulfonate (TPBS) salts. The broken
lines are the Onsager's theoretical lines. Table 3 shows the slopes of A and I1/2 plots, -dA/dl"2 for
alkali and alkaline earth metal salts are smaller than those obtained by Onsager relation. This is
mainly due to MBS, TMBS and TPBS ions whose charges contact with the hydrophobic benzene ring.
On the other hand, the values of -dA/dII/2 for Al (MBS)3 and Al (TMBS)3 are larger than those
obtained by Onsager relation. The deviation of A vs lm plots from the theoretical Onsager line can be
analyzed on the assumption of the formation of A13+(MBS)" and A13+(TMBS)" by the ion association.
The K ^ values of Al3+ and MBS" or TMBS" is appreciably large.
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According to the conductivity measurement, the interaction between Cs+ and TMBS' is weak.
However it was observed that the solubility of CsTPBS is very small. Then the solubilities of
NaTPBS, CsTPBS and Ca(TPBS)2 were determined by the spectrophotometric method. Fig. 6 shows
plots of the optical density (OD) at 225 nm against the concentration for NaTPBS, CsTPBS and
Ca(TPBS)2 solutions. The OD of Ca(TPBS)2 is twice of the OD of NaTPBS and CsTPBS because the
OD at 255 nm is assigned to the transition of benzene 7t-electron. Table 4 shows the solubilities of
NaTPBS, CsTPBS and Ca(TPBS)2. The solubilities of CsTPBS and Ca(TPBS)2 are much smaller than
that of NaTPBS. This is explained in terms of the hydrophobic character of TPBS salts. This paper,
which is the first attempt to examine the properties of TPBS, suggests that TPBS has a bright prospect
of developing the hydrophobic anion reagent for chemical analysis such as precipitation titration.
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TABLE 1. CONDUCTIVITY DATA OF Cs, K AND Na TRIS-OXALATO-CHROMATE (III)
SALTS IN AQUEOUS SOLUTION AT 25 °C

104xm
mol.kg'1

(0)
1.3157
4.0585
7.3003

12.028
24.997
62.885

104xI1/2

(mol.dm-3)"2

i. Conductivity
(0)

2.8096
4.9346
6.6183
8.4950

12.247
19.424

A
S cm2 mol"!

a

of Cesium tris-oxalato-chromate (III)
158.9

152.674
147.115
142.725
137.857
129.043
113.378

.9849
.9677
.9533
.9366
.9156
.8895

47.57
39.21
36.18
34.83
29.93
26.79

ii. Conductivity of Potassium tris-oxalato-chromate (III)
(0) (0) 158.9
1.3996 2.8978 149.683 .9989 3.22
2.9623 4.2158 146.683 .9951 7.46
4.6824 5.3004 144.382 .9944 5.83

21.935 11.472 130.936 .9838 5.64

iii. Conductivity of Sodium tris-oxalato-chromate (III)
(0)
1.5287
4.3189
8.2081
12.804
25.211

(0)
3.0286
5.0905
7.0177
8.7648
12.299

131.8
125.131
120.221
115.280
111.914

105.229

.9835

.9664

.9459

.9469
.9518

45.51
38.82
38.74
27.52

16.16

TABLE 2. LIMITING EQUIVALENT CONDUCTIVITIES OF SOME SUBSTITUTED
BENZENESULFONATE IONS

Ion A7Scm2mor'
C6H5SO3 ' 34.99
p-CH3C6H4SO3" 29.1
2,4,6-(CH3)3C6H2SO3' 21.8
2,4,6-(C3H7)3C6H2SO3- 17.5
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TABLE 3. EQUIVALENT COONDUCTIVITY PER IONIC STRENGHT OF SOME
SUBSTITUTED BENZENESULFONATE SALTS

L.L.
180.7
131.8

179.4
83.4
77.9
129.9

129.0
83.3
76.2

p-CH3C6H4SO3"Ion
Al3+

Sr2+

2,4,6-(CH3)3C6H2SO3-
Al3+

Cs+

Na+

Sr2+

2,4,6-(C3H7)3C6H2SO3-

Ca2+

Cs+

Na+

L.L. according to Onsagar Limiting Law

-dA/dI1/2

326
107.5

348
75.0
72.2
77.0

80.0
56.0
62.0

TABLE 4. SOLUBILITIERS OF Ca,Cs AND Na-TPBS SALTS

mol.kg"1 water
Ca(TPBS)2 0.014
Cs(TPBS) 0.049
Na(TPBS) 0.161
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Abstract

The radioactive waste management at the Cernavoda NPP is based on collection, pretreatment and
storage of all solid wastes. The disposal of operational and decommissioning wastes has been
evaluated, based on the results of a research and development programme. A near surface disposal
facility was selected and a siting process was implemented. The status of this project and its
prospective are discussed in the paper.

1. DISPOSAL OF RADIOACTIVE WASTE IN ROMANIA

Starting with 1996 Romania became the 30th country operating a nuclear power plant. In
1998, the Cernavoda Unit 1, equipped with a CANDU - 6 reactor, supplied about 9 % of the
Romania's electricity demand. In Romania, the total amount of radioactive waste produced since the
nuclear activities started in the 50's is small when compared with the amount of toxic waste, and very
small when compared with the solid waste of all types. According to the Romanian Atomic Act, the
Law 111/1996, the radioactive waste resulting from the use of radioactive materials in industry,
medicine, agriculture and research should be safely managed and disposed of in a way which must
ensure the public and environment protection, now and in the future. Up to this moment, there is no a
coherent waste management policy in Romania. The waste management is covered by the Institute of
Nuclear Physics and Engineering for the L/ILW institutional wastes and by the utility for operational
wastes. A national repository dedicated to the institutional low and intermediate level waste is in
operation since 1985. The repository, situated at Baita in the west part of the country, was originally
an exploration drift with several galleries at an open pit mine for uranium, which was exhausted in
1985. Mining was carried out by conventional techniques to ensure access and ventilation in the
disposal galleries. The present capacity is 21,000 standard containers (200 litter drums) and is 25%
full. The operator of the repository sustains that this capacity could be extended up to 150,000-
200,000 containers. The facility was subject to IAEA-WAMAP and RAPAT missions, which
recommended upgrading to improve safety and environmental protection. Currently, an investment
planning is implemented regarding the in situ tightening of the already deposited containers,
construction of geomembranes and up grading of final access route. The Cernavoda Nuclear Power
Plant (NPP), in operation since 1996, was designed with facilities for collection, pretreatment and
temporary storage of all types of operational radioactive waste which meets the requirements of
international agreed standards for public and environment protection. Since 1992, the utility financed
an R&D program in order to cope with the legal provisions regarding the disposal of radioactive
wastes. This program was focused on the long-term management of radioactive waste [1]. The
technical and economical studies entered upon within this program indicated that Baita repository is
not a real solution for the disposal of fuel cycle radioactive waste, at least for the following reasons:

high cost, in financial and safety terms, due to the long distance from the NPP to the repository
(about 800 km);
high disposal costs;
it is better to build a new facility based on the present proven technologies than to upgrade an
"old" facility with safety deficiencies;
predictable local public opposition due to the extension of the tourism in the area;
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Based on the results of R&D programme the utility considered as the best option the
construction of a new near surface repository at the NPP site. The new repository will be designed
according to the multibarrier concept, using as reference design the El Cabril repository in Spain. The
new repository will accommodate all L/ILW produced at Cernavoda NPP as well as the wastes
resulted from the decommissioning of power reactors.

2. THE SITING OF THE NEW REPOSITORY

The siting of a new repository is a difficult and complex task. Recognizing this difficulty, the
utility financed an R&D program which aimed at selecting an acceptable site according the IAEA
Safety Guides (111 - G - 3.1) [2]. The siting process started with the area survey stage. The region of
interest was Dobrogea, the district including the NPP site (Figure 1.). It is an old historical region with
available data for geological zoning and a semiarid climate, suitable for siting a repository. An "ideal"
site was the target of the investigations made by geologists. Almost 40 potential sites in Dobrogea
region were evaluated. The screening phase reduced the number of candidates to two sites: Cernavoda
at 2.5 km from NPP and Saligny situated in the exclusion zone of the NPP. The criteria for geology,
tectonics, seismic, surface processes and protection of the environment were considered at that stage
[3]. In fact, due to the vicinity of the two candidate sites, the geological characteristics are similar. An
important moment of the siting process was the year 1996 when significant data were available for the
radioactive waste inventory assessed on COG data, and for the conceptual design of the disposal
facility. Even if the Cernavoda site seemed to have better geological characteristics, the social,
economical and public acceptance factors prevailed for choosing the Saligny site as the favorite. This
is an approach also recommended by IAEA Safety Standard 111 - G - 3.1 that notice " the clear aim
must remain to find an acceptable solution with sufficient safety reserves instead a single ' best'
solution". The main geological characteristics are the presence of a green schist fundament covered
by prequaternary sediments. The quaternary deposits cover the whole area and have two components:
a loess layer of 40-45 meters and an impermeable red clay layer of 10-15 meters. It is true that not all
the site characteristics are favorable. At the surface the site consists of a silty loess layer, the natural
bearing capacity is not satisfactory and the erosion potential is increased. A compacted process to
improve the geotechnical performance of the loess layer was considered and an on site tests provided
good results (Figure 2). An IAEA expert mission recommended the extension of the area of the
compacted layer and the monitorization of its behavior. They also recommended upgrading the safety
assessments, as the preliminary safety assessment used simple models and very conservative data. The
experts agreed that Saligny site along with a proper design would provide radiological protection in
compliance with national requirements and international standards. At the end of 1998, the available
data enabled the owner of the power plant to submit a preliminary safety assessment for the siting
license to the Regulatory Body.

3. STORAGE OR DISPOSAL

The Cernavoda NPP operates facilities for the proper collection, pretreatment and storage of
all low and intermediate radioactive wastes. The compactable and non-compactable radioactive
wastes are packaged in stainless steel drums and stored in the concrete building of the Solid
Radioactive Waste Intermediate Facility (SRWIF), located within the inner fence of the plant. The
spent filters cartridges, spent filters and large metallic items are stored in concrete holes of a special
concrete structure belonging to the SRWIF. The design capacity of the SRWIF is for 18
years/reactor. The spent resins are stored in two concrete vaults located in the service building. Each
storage vault has a capacity of about 200 m3, together covering 15-20 years of the plant operation
lifetime. The organic liquids and other types of radioactive waste packaged in stainless steel drums
are stored on the service building basement. Except the storage of the organic liquids and flammable
solid waste, enough storage capacity is provided on the NPP site for all types of radioactive waste.
According to some opinions, a new disposal facility for these types of waste does not seem to be an
urgent task within the next 10 years. This controversial issue has to be carefully considered. The
practice of the early conditioning, especially of the solid waste and spent resins, is largely used in
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FIG.l. Area survey stage. Dobrogea area. Geological map. (1:1,000,000)

FIG. 2. Stabilization of the loessoid soils. Experimental area.
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many countries. It was proven that higher cost in economical and dose terms were involved when the
raw wastes are temporarily stored, waiting for future treatment and/or conditioning. In our case the
Regulatory Body imposed the use of stainless steel drums for the temporary storage of raw solid
wastes. On the other hand, the extended storage of raw wastes allows the radioactivity to decay and as
a consequence, to lower the cost of treatment and disposal. For low and intermediate level operational
wastes, the "wait and see" approach does not seem to be the best solution because the treatment,
conditioning and disposal technologies are commercially available at competitive costs. In addition,
the extended storage of raw wastes could induce increased costs of waste management due to the
potential future public opposition. As concerns the high level wastes and spent fuel, the "wait and
see" strategy seems to be the only sound approach for small countries. In this case, the disposal
technology is not commercially available and the cost is high. For this reason, we have under
development a project to extend the storage capacity at the power plant, using the dry storage
technology. The recycling - disposal controversy is to be considered especially for decommissioning
wastes. The Romanian society is more and more concentrating its attention on the concept of
sustainable development. We will have to convince the public that we manage our radioactive waste
in a safe manner without undue burdens on the future generation. The present legal framework in our
country foresees only the public consultation in the licensing process of disposal facilities. In the
future, we expect that the public will be directly involved in the decision making process for
radioactive waste management.

4. CURRENT STATUS

According to the Romanian Atomic Act (Law 111/1996) the responsibility for radioactive
waste management rests with the waste generator. In July 1998, the Romanian Electricity Authority
was restructured and the nuclear power sector became "Nuclearelectrica" National Company. The
radioactive waste management policy of our company established as the first priority the extension of
the spent fuel storage capacity using dry storage technology. At the same time, the Regulatory Body
suggested a national agency with responsibilities for the long-term radioactive waste management.
But, any measure taken to keep an organization responsible for disposal of radioactive waste has to be
preceded at least by legal previsions dealing with the transfer of radioactive waste management
obligation [4]. These administrative measures postponed the implementation of the new surface
disposal facility on Saligny site. Even so, the project is strongly supported by the Regulatory Body.
Within the framework of a PHARE project, the waste acceptance criteria for the Saligny near surface
repository were successfully developed [5]. With this occasion, the characterization of raw waste was
identified as a priority of the radioactive waste management in Romania.

5. CONCLUSION

The disposal of the operational waste is a major step of the radioactive waste management
strategy. The project of the near surface repository was proposed, based on an R & D program
implemented since 1992. The siting process was successfully implemented based on IAEA guidelines.
The project was postponed due to organizational problems and financial restraints. Over last two
years, progress was made in the field of waste acceptance criteria for this new repository within the
framework of a PHARE project.
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Abstract

For several years, the European Commission (EC) has been active in the field of spent sealed
radioactive sources (SSRS) to improve management schemes and to prepare Euratom Directives that
will impact on national legislation and regulatory schemes in European Member States (MS). The
main safety issues related to the management of SSRS are described and recommendations made are
presented. Additional projects are outlined.

1. INTRODUCTION

For several years, the Directorate General for Environment of the European Commission (EC)
has been actively working in the field of spent sealed radioactive sources (SSRS) with a view to
improving the safety of current management schemes. The ultimate goal of these activities is to
prepare Euratom Directives that will impact on the national legislation and regulatory schemes in
force in European Member States (MS).

These activities are being performed through the implementation of study contracts aimed at
describing the existing situations in MS and at identifying those areas considered to be in need of
improvements from the safety viewpoint. This information will be used as input for the further
preparation of a Communication from the European Commission to the European Parliament, the
Council of Ministers and the Economic and Social Committee, stating the most important issues that
should be addressed at the European Union (EU) level. As mentioned above, this could then give rise
to the preparation of Euratom Directives or other EC actions such as the setting-up of concerted
actions between MS or the issuing of recommendations or codes of good practices whenever these
could help MS in the implementation of desired management practices.

In order to analyse the main results of a study contract awarded in 1997 to Safeguard
International [1], a workshop on the management of SSRS in the EU was held in Brussels on 10th and
11* June 1999 and gathered together about thirty experts from the EU, the Central Europe and Eastern
Countries (CEECs), and the IAEA. The experts considered the best approaches to be followed in
order to improve the safety of the management of SSRS, and there was extensive discussion on a
number of recommendations suggested by Safeguard International.

2. • MAIN SAFETY ISSUES RELATED TO MANAGEMENT OF SSRS

Sealed radioactive sources are widely used in industry, medicine and research. Only a
fraction of these potentially pose a medium and high radiological risks [2], e.g. Am-241 (low-energy
gamma source), Kr-85 (beta gauging source), Co-60 (LSA), Cs-137 (radiotherapy source), Ir-192
(radiography source), and Ra-226 ("historical" source). About 500,000 of these types of sources were
supplied to users in the current MS over the past 50 years. Today, approximately 110,000 still remain
in use, and 390,000 are either in store, or have been disposed of.
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The sources at greatest risk of being lost from regulatory control are those held in local
storage at the users' premises. It is estimated that there are some 30,000 such sources throughout the
EU. A number of these sources have already been lost from regulatory control. This mainly concerns
"historical" sources (Ra-226), and actions to retrieve these sources should be undertaken at the
national level. Such actions have already been taken in some MS. However, in addition to these
"historical sources", more recent SSRS are still being lost from regulatory control; present rough
estimates1 indicate up to 70 sources per year throughout the EU may fall under this category !

As evidenced by a number of accidents that were reported over the last 10 years, sources that
are lost from regulatory control (the so-called "orphan" sources) can represent an important
radiological risk [3], especially to members of the public. In some cases, workers can also be affected
by SSRS, in particular when these latter are present in scrap metal to be recycled in foundries.
Therefore, it is important that the public authorities take tree-fold action:
* • To retrieve those sources that are already become lost from regulatory control;
* To prevent other sources from becoming "orphaned" through the setting up of appropriate

regulations and control system in key places;
* To take appropriate provisions to check for the presence of any lost SSRS in scrap metal

imported from non-EU countries.
At present in a number of MS there is no disposal route available for SSRS, and interim

storage, sometimes for prolonged periods, can be costly. Consequently, users of sealed sources are
often tempted to keep the used sources on their premises. Therefore any preventive action will
require the provision of suitable national/regional stores and/or disposal sites for SSRS and eventually
the setting-up of an administrative mechanism to prevent sources from becoming "orphaned".

3. MANAGEMENT SCHEMES FOR SSRS IN THE EU

Management schemes for SSRS in the various MS differ widely from one country to the next.
Although large differences exist between the regulatory systems in force in MS, there is no evidence
of any link between the particular regulatory system and the number of sources lost from regulatory
control. In twelve of the fifteen MS, there are regional or central stores able to receive most types of
SSRS. In the three remaining MS there is no central store, so SSRS are held on the users' premises.
Pressure is applied in these MS, through the license conditions, to agree a disposal route before new
sources are purchased. Two MS have disposal routes for a wide range of sources. A further three MS
have low-level radioactive waste disposal routes capable of accepting small numbers of low activity
sources. The remaining MS have no disposal routes except where sources can be decay-stored until
the activity is below exemption levels. The return of sources to the manufacturer is encouraged in
many MS. There is no consensus on the appropriate methods of treatment and conditioning of
sources held in central interim storage. In most cases, the methods used are determined to a large
extent by the available facilities, which may have been built to deal principally with other types of
waste. However, segregation of sources from other wastes is normal above certain activity levels and
on the basis of dose rate. In some cases, segregation by isotope or half-life is practised. Sources in
imported scrap metal were a concern in most states, although there was some evidence that the
number of incidents is now decreasing. In order to develop public awareness about the risks of
keeping SSRS under unsafe conditions (notably Ra-226 sources), information campaigns were carried
out in some MS. Although successful in terms of number of Ra-sources recovered, these measures
have not yet enabled this problem to be solved fully.

4. AREAS FOR ACTION AT THE EU LEVEL

The participants at the workshop discussed a number of problems that should be addressed at
the EU level. The following recommendations were agreed:
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* There is at present a loophole that allows the importing of sealed radioactive sources from
. non-EU countries without the approval of the competent authorities. In this respect, the EU

could contribute to extending the regulations in force in MS also to third countries;
* The setting-up of an EU network of users/suppliers of sealed radioactive sources might

guarantee a better tracking of the sources, and this network could take over the responsibility
of managing the sources when an user goes out of business. However this network cannot
retrieve those sources that have already been lost from regulatory control.

* A common policy should be agreed within the territory of the EU to define whether the MS
supplying the source or the MS using the source has principle responsibility for the ultimate
disposal of SSRS.

* A more detailed study should be carried out on the detection, identification and control of
sources arising in scrap metal.

As an alternative to specific EU legislation, harmonisation may be achieved through the
agreement of common objectives for the regulatory management and disposal of SSRS in MS. These
objectives should be implemented in a flexible way, through a common code of practice.

5. MANAGEMENT OF SSRS IN THIRD COUNTRIES

In addition to the studies covering the situation in MS, the Directorate General for
Environment (DG Env) has launched several projects dealing with the management of SSRS in the
Russian Federation (RF), and the CEECs.

In the RF, it was shown that although the safety objectives of the current regulations are
nearly the same as those in MS, the very complex administrative procedures and the dilution of
responsibilities amongst many organisations and ministries make the management of SSRS very
difficult to assess and to verify. Moreover, the safety of past management practices involving the use
of boreholes for SSRS disposal in near-surface facilities (Radon centres) is still questioned. Finally,
the current economic situation prevailing in the RF is such that many Radon facilities managing SSRS
on a regional basis are short of money. As a result, some facilities have been closed or are still
operating using only rather primitive means. The conditioning and storage of Ra-226 sources should
be improved. The study also recommended the development of a state system of accounting and
control of all kinds of SSRS

The situation in the CEECs is less alarming although some countries have facilities that are
similar to the Russian Radon centres. DG Env is financing two studies aimed at describing the current
situation in the CEECs. One study covers the Czech republic, Poland, Hungary, Slovenia and Estonia
and should be completed by the end of the year 2000 ; the first results will be reported at the IAEA
conference. The second study covers Latvia, Lithuania, Slovakia, Romania and Bulgaria and is due to
start by the end of 1999.
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Abstract
Multi-barrier systems are accepted as the basic approach for long term environmental safe isolation of
radioactive waste in geological repositories. Assessing the performance of natural and engineered
barriers is one of the major difficulties in producing evidence of environmental safety for any
radioactive waste disposal facility, due to the enormous complexity of scenarios and uncertainties to
be considered. This paper outlines a new methodological approach originally developed basically for
a repository in salt, but that can be transferred with minor modifications to any other host rock
formation. The approach is based on the integration of following elements: (1) Implementation of a
simple method and efficient criteria to assess and prove the tightness of geological and engineered
barriers; (2) Using the method of Partial Safety Factors in order to assess barrier performance at
certain reasonable level of confidence; (3) Integration of a diverse geochemical barrier in the near
field of waste emplacement limiting systematically the radiological consequences from any
radionuclide release in safety investigations and (4) Risk based approach for the assessment of
radionuclide releases. Indicative calculations performed with extremely conservative assumptions
allowed to exclude any radiological health consequences from a HLW repository in salt to a reference
person with a safety level of 99,9999 % per year.

1. SAFE ENCLOSURE OF HLW AND SNF IN A GEOLOGICAL REPOSITORY

Safe disposal of radioactive waste and spent nuclear fuel is considered to be a major challenge
for the present generation independent from current and future scenarios of nuclear power use in
different countries. Repository experience for short-lived low and intermediate level waste exists in
several countries. Disposal in deep geological formations has been accepted world-wide as the basic
approach for long term environmental safe isolation of long-lived high-level radioactive waste and
spent nuclear fuel. Further decisions regarding site selection, site confirmation, licensing and
construction of geological repositories are still pending in many countries. For several years
extensive research and project implementation efforts have been in place in all leading industrial
nations in order to enable a sustainable solution of the task, of disposing radioactive waste and spent
nuclear fuel safely. Although isolation capability of geologic barriers is obviously fundamental for
the performance of geological repositories, efficient quantitative measures are not available yet, and
rating the isolation capability of a geologic barrier is still a difficult task. Especially in the case of
HLW/SNF repositories in rock salt and clay the geological barrier is of main importance in order to
retain radionuclides. Complete isolation of radioactive waste in rock salt for the basic case of
undisturbed evolution of the repository is fundamental for the approach regarded in this paper. In the
past the assessment of safe enclosure of radioactive waste in rock salt was relying on expert's
experience, i.e. expert judgement only. In order to provide a stronger and methodologically well
based justification a simple calculation method was derived and criteria were formulated to prove the
long term isolation of radioactive waste in a geological repository in case of undisturbed evolution.
The proposed method and the applied criteria are described in the following. First it is calculated if
there is a rock salt barrier available around HLW/SNF, which fulfils the volume dilatation criterion
[l]during the required assessment period. The volume dilatation criterion has been identified as a
criterion that shows that the barrier properties of undisturbed rock salt are conserved, i.e. any kind of
fractures are avoided if no volume dilatation takes place. Thus, permeability of rock salt is less than
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10"21m2. Secondly, it is proved that the barrier is thick enough in order to ensure that any liquid cannot
penetrate it during the required assessment period. If the assessment period is fixed, e.g. to 10.000 -
50.000 years, the required barrier thickness may be calculated so that the front line of any
hypothetical liquid under site specific pressure conditions is remaining in the host rock during the
assessment period regarded. Based on these requirements various calculation methods and models are
available to prove the tightness of the barrier. The method and the criteria are not restricted to rate the
geologic barrier, they are applicable to engineered barriers, as well. In addition the method and the
criterion provide a smooth design basis for repositories, since both can be used to evaluate the
necessary measures of the geologic and the engineered barriers as well as for the required physical
properties of the engineered barriers if the complete isolation of the radioactive waste is aimed at. In
Germany a comparable method and adequate criteria are generally accepted to prove the safety of
constructions for environmental protection from hazardous liquids and implemented in technical rules
in force [2]. This background offers the opportunity to simplify the licensing procedure because the
licensing of technical solutions to comparable problems is relying on exactly these method and
criteria.

In agreement with the IAEA Safety Series ,,Siting of Geological Disposal Facilities" [3] the
distance of emplacement areas from geological discontinuities that could provide a rapid pathway for
radionuclide transport, such as brecciated fault zones or flanks of a salt dome is recognised as a basic
design criteria in order to ensure the safe enclosure of waste emplaced in a geological repository.
Consequently, the described methodology is not only essential for the repository design, but is of
importance at an earlier stage for the planning and construction of exploration mines, because future
pathways for radionuclides shall be systematically prevented by keeping the required distance from
critical geological discontinuities as mentioned in the IAEA Safety Series. Furthermore, the proposed
method and the applied criterion are of such kind simple nature that nearly everybody can understand
them, a fact that is important to explain the safety of a geological repository of radioactive and
hazardous waste to the public. In this context, convincing the public that there is no special
unacceptable risk arising from a geological repository for radioactive and hazardous waste is an
outstanding task to be solved. Usually performance assessment calculations relying solely on the
assumption of disturbed repository evolution are of such a complexity that the public is not able to
understand or verify them. Thus, the public does not trust in the expert's performance assessment. The
approach proposed in this paper can be verified in principle by everybody with little technical
knowledge, the used parameters can be published and everybody can compare them with parameters
given in literature. Thus, every touch of secret on performance assessment disappears and the results
will become more transparent to the public. The advantages of the proposed criteria and methodology
can be summarised as follows:

(1) A methodology has been developed to prove the null release repository in case of its undisturbed
evolution.

(2) The proposed methodology can be used to design the exploration mine in such way that future
pathways for radionuclides can be avoided from the very beginning.

(3) The methodology leads to a design criterion for the repository mine.

(4) The approach at one hand is suitable to perform a ranking of the isolation potential of different
host rocks and/or at the other hand to identify the necessary minimum depth of the final repository
in the host rock formation.

In addition, the proposed method and the criteria provide the necessary basis for a risk based
assessment of a stochastic radiation injury from a final repository of radioactive waste in the
complementary case of disturbed evolution and limited release of radionuclides. The case of disturbed
evolution is regarded in the next chapter.
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2. RISK BASED APPROACH FOR THE ASSESSMENT OF LIMITED RELEASE

Although tightness of geologic and engineered barriers can be proved in the case of
undisturbed repository evolution the performance assessment of the system of natural geologic and
engineered barriers must hold in the case of disturbed evolution, too. Regarding the case of disturbed
evolution some difficulties are arising. These difficulties are caused mainly by two conflicts.

(1)The performance assessment shall consider with certain acceptable level of confidence all
relevant but in some extent uncertain undue impacts to the isolation properties of engineered
barriers caused by different geological processes, the nature of the waste and/or additional
scenarios. By experience a classic strongly conservative and deterministic worst case approach
concludes in extremely negative non-realistic assessment results, on the one hand. Best estimate
approaches, on the other hand, do not consider reliably the full scale of uncertainties.

(2) Since long-term containment and limited discharge caused by retardation of radionuclides are the
main functions of geologic and engineered barriers, performance assessment is focused normally
on producing evidence of barrier tightness. Due to the fact that mechanical tightness of any barrier
is affected mainly by mechanical impacts and corrosion a system of several barriers working on
the same principle would not allow to improve the performance capabilities significantly. The
problem could be solved composing a system of diverse barriers with diverse working principles
and sensitive to different kinds of undue impacts (e.g. a conventional geomechanical barrier
combined with a geochemical barrier). Although such a system of diverse barriers would have
significantly better performance capabilities, a classic worst case approach would conclude again
in extremely negative and non-realistic assessment results and the cogency of any best estimate
approach is relatively limited.

Similar conflicts regarding the assessment of technical safety of complex facilities
considering relevant but in some extent uncertain undue impacts with an acceptable level of
confidence are subject of concern in other areas as well. In this context, advanced methodologies for
the assessment of technical safety became an important area of interest. They presently found their
most adequate implementation in the series of ,,Structural Eurocodes" comprising a group of
standards for the structural and geotechnical design of buildings in civil engineering. The Eurocodes
are based on the so called Methodology of Partial Safety Factors[4], [5].

The objective of the Methodology of Partial Safety is to consider any uncertain parameter or
impact by an appropriate safety margin called Partial Safety Factor in order to ensure the safety of the
whole system against failure at a reasonable level of confidence. Commonly used confidence levels
are 10"6 per year or 10"4 for the complete lifetime of the construction. Following that approach and
assuming an appropriate design of engineered barriers as well as a sufficient thickness of the
geological barrier the safe enclosure of radioactive waste can be proved at a similar level of
confidence. Consequently, any release of radionuclides can be handled as an unlikely event with a
probability of occurrence not exceeding the failure rate for barrier tightness. In that case the
individual risk of a health impact caused by the repository can be understood as the individual
radiological risk arising from any limited release multiplied by the failure rate of barrier tightness.

Obviously, the risk of undue health consequences could be limited sufficiently by limiting the
concentration of released radionuclides in relevant exposure pathways. Thus, a diverse geochemical
barrier designed in the near field of waste emplacement should allow to provide such a positive effect.
Indicative calculations performed for a phosphate buffer in the near field of emplaced SNF gave a
reduction of radiological risk up to 10"2 per year. Assuming a usual confidence level for barrier
tightness of 10"4 a total individual radiological risk of 10"6 per year was calculated, which is ten times
less then the risk upper bound of 10"s according to the IAEA Safety Series N° 99 [6]..
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In detail the risk based approach consists of the following steps.

(1) Determining the concentration of activity in a hypothetical liquid that might have been in contact
with the radioactive waste by taking into account a geochemical barrier.

(2) Calculation of the individual radiological risk arising from the release limited by the geochemical
barrier.

(3) Multiplying the individual radiological risk arising from limited release by the failure rate of the
barrier tightness, which is determined as described in the Eurocodes.

Thus, using the approach described above indicative calculations performed with extremely
conservative assumptions allowed to exclude any radiological health consequences from a HLW
repository to a reference person per year with a safety level of 99,9999 %. At this point it should be
mentioned that the approach described in this paper rates the risk arising from total failure of a
mechanical barrier, which is the main barrier in the case of safe enclosure under undisturbed
repository evolution. An evolution of the mechanical barriers' behaviour which leads to retardation
and to limited release as a consequence of retardation is not regarded. Thus, the approach described in
this paper is supplementing the classical performance assessment methods.

3. CONCLUSION

In this paper an approach is presented to show the safety of an HLW/SNF final repository that
is relying on the proof of the safe enclosure of the radioactive waste and a risk based assessment of
limited release. Using this approach indicative calculations performed with extremely conservative
assumptions allowed to exclude any radiological health consequences from a HLW repository to a
reference person per year with a safety level of 99,9999 %. Such a positive result was achieved thanks
to the integration of the following for major elements into that approach:

(1) Implementation of a simple method and efficient criteria to assess and prove the tightness of
geological and engineered barriers;

(2) Using the method of Partial Safety Factors in order to assess barrier performance at certain
reasonable level of confidence;

(3) Integration of a diverse geochemical barrier in the near field of waste emplacement limiting
systematically the radiological consequences from any radionuclide release in safty investigations

(4) Risk based approach for the assessment of radionuclide releases.
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Abstract

The Radiation Protection Services (RPS) provide nuclear services to all authorized users of
radiation and radioactive materials in the country, including the operation and maintenance of the
only centralized facility for the management, treatment and interim storage of conditioned low
level radioactive wastes. Two basic waste treatment and conditioning options, adopted by the
Philippine Nuclear Research Institute (PNRI) Centralized Waste Management Facility for the
types and volume of waste arising in the country, are outlined. International activities within the
framework of an IAEA project on a regional demonstration of predisposal waste management
methods and procedures for the East Asia Pacific region are described. Information is provided
on siting studies and related research and development activities for a waste repository facility.

1. INTRODUCTION

The use of radioactive materials in the country has increased in a span of almost forty
years of experience in the nuclear application fields of medicine, industry, research and teaching.
The PNRI is the regulatory body for all matters concerning nuclear energy in the country. The
Nuclear Regulations, Licensing and Safeguards Division (NRLSD) is the regulatory arm of the
Institute. The Nuclear Services and Training Division (NSTD) is the promotional arm of the
Institute. The Radiation Protection Services (RPS) provides nuclear services to all authorized
users of radiation and radioactive materials in the country, including the operation and
maintenance of the only centralized facility for the management, treatment and interim storage of
conditioned low level radioactive wastes.

2. RADIOACTIVE WASTE MANAGEMENT STRATEGIES

The PNRI Centralized Waste Management Facility adopted two basic waste treatment
and conditioning options for the types and volume of waste arising in the country. In the first
option, the regulatory activity limits for disposal of radioactive waste as ordinary refuse is
complied with in addition to strict administrative control measures being implemented at the
generation site. Radioactive wastes, even after decay to levels below regulatory limits, but are
classified as toxic waste compounds are not allowed to be disposed as ordinary refuse and must
be managed to meet the appropriate regulatory requirements for such toxic wastes. In the second
option, compaction is generally employed as a volume reduction method for compactible solid
wastes. Aqueous wastes are treated by chemical precipitation and ion exchange methods,
whichever is applicable. Non-compactible wastes such as spent sealed radiation sources are filled
into 55-gal steel drums and immobilized by cementation. Figure 5 shows the immobilization of
spent sealed sources including large sources such as those from teletherapy machines used in the

342



treatment of cancer patients. These large sources in their original source housing are conditioned
using cement in customized fabricated cubic steel containers.

Figure 1 shows the type and number of spent sealed sources collected, managed and
stored at the centralized waste treatment facility in the last twenty years.

Spent Sealed Sources
1979-1999

1200

Figure 1: Spent Sealed Sources stored at the PNRI Centralized Waste Management
Facility

For Conditioning:

- seeds, tubes, and needles
- spent sealed sources

Cemented:
l_. I - seeds, tubes, and needles
• • • H - spent sealed sources

Total number of Radium Sources = 220 pieces
Total Activity = 775 mCi

Figure 2 shows the data on radium sources. Some of the radium is still being used in one major
teaching hospital in Manila and another inventory stored in a medical clinic outside Metro
Manila, despite a campaign to discourage its continued use in view of radiological safety
considerations. The PNRI has however recently issued an information bulletin that, after 31
January 2000, it will no longer authorize the possession and use of radium sources for any
purpose.
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Figure 2: Radium Inventory at the PNRI Centralized Waste Treatment Facility

Radium Sources Disposed at PNRI
1982 to 1999

5272% x"""""^

I 31.80%

11.36% " * *

3. IAEA REGIONAL DEMONSTRATION OF PRE DISPOSAL METHODOLOGY

The Philippines has hosted for the International Atomic Energy Agency, through the RPS
Centralized Waste Treatment Facility, a regional demonstration of predisposal waste
management methods and procedures for the East Asia Pacific region. The objectives were: to
demonstrate predisposal waste management methods and procedures which are documented in
IAEA publications and which are in agreement with internationally accepted standards and
criteria; to supplement theoretical knowledge with practical experience in working with real
radioactive waste; and to demonstrate techniques matching regional needs and potentials. The
first demonstration was held from 30 November 30 to 11 December 1998 with seven participants
from Bangladesh, Malaysia, Myanmar and Sri Lanka. The second demonstration was held from
15 to 26 November 1999 with nine participants from Indonesia, Thailand, Singapore and
Vietnam. In the implementation of this IAEA programme in the East Asia Pacific region, a
demonstration manual has been developed by the PNRI Centralized Waste Treatment facility in
collaboration with the IAEA Technical Officer. The demonstration manual is divided into three
main modules, dealing with solid wastes, liquid wastes and spent sealed sources (SSS). The
demonstration manual documents the actual and detailed step by step procedures being followed
in the facility where the demonstration is to be held and incorporates all the appropriate standard
forms, data sheet and relevant documents in waste management. The module on SSS includes
the procedures followed from receipt of the spent source, identification and verification of spent
sealed source data, planning and calculations for spent source conditioning, conditioning of the
spent sources and coding and transport for interim storage of the waste package. The manual
also documents the procedures followed in the preparation of cement samples for quality control
measurements including the calculations to achieve the desired concrete mix for waste
conditioning. Related modules in the manual demonstrate the procedures for preparation of the
drums for conditioning, and testing of the cement samples using a compression machine and
evaluation of setting time results and the standard radiation protection measures procedures for
exposure control of workers and contamination control of workers and working areas. The
manual also contains additional information materials attached as appendices which can provide
guidance to the participants in setting up a national radioactive waste management programme.
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These are the waste acceptance criteria for raw wastes brought to the facility for treatment and
storage, the wastes and spent sealed sources coding system adopted by the facility which are used
in the data management of the waste inventory database. This inventory is envisioned to be an
integral component of a national registry/database currently being established as part of a
comprehensive tracking mechanism to monitor radiation sources from cradle to grave. A
concrete batch plant has been designed and constructed to ensure the effectiveness of the
cementation process and as an integral part of the overall QA programme for the facility. The
plant has been slightly modified following the operational experiences gained in the past.

4. SITING ACTIVITIES FOR A LOW LEVEL WASTE REPOSITORY

The process of site selection for the repository of low level wastes was initiated in 1976 when the
Philippine Government decided to go nuclear and proceeded to construct the first Philippine Nuclear Power
Plant in the Bataan Peninsula. However, all siting activities were suspended with the mothballing and
eventual decision to convert the plant into a combined cycle plant. In 1995, an Inter-Agency Committee
under the Nuclear Power Steering committee was created and mandated to conduct siting studies for a waste
repository facility and to perform R&D activities in support of the project. The overall siting process for
the waste repository consists of two major stages: Stage I - the Site Screening process consist
mainly of desk compilation of existing information and data obtained from different government
and private agencies. Field investigations using geological, hydrological and surface
environment methods will be employed to verify, update and confirm existing data. These
reconnaissance field investigations will be carried out by performing selected airborne surveys of
candidate regions and areas supplemented by ground investigations, as appropriate. Stage II - the
Site Evaluation will proceed as soon as candidate areas identified in the first stage warrants
detailed surface and subsurface investigations. This will include locating and constructing
boreholes and exploratory shafts to allow characterization of underground surfaces. To carry the
work activities in this stage, the committee developed a site screening procedure based on
consideration of factors such as surface and ground water hydrology, geologic properties,
demographic issues, land use patterns and socioeconomic concerns. The primary screening
procedure was designed to identify a small number of candidate sites by utilizing existing data
and information and limited reconnaissance investigation. The selected number of sites will be
subjected to a more detailed analysis of its suitability for hosting a repository. The Philippines is
divided into 12 regions excluding the National Capital Region where Metro Manila belongs.
Initially, the site assessment process made use of about 8 appropriate maps of differing scales.
These maps describe the lithological conditions, major faults, shorelines, freshwater bodies,
groundwater potential, slopes, and protected areas. A geographical Information System (GIS)
was employed wherein the various criteria for site suitability were applied. A sequential process
was followed in eliminating areas that are unsuitable, starting with the geological parameters
followed by hydrology, land use, slope and accessibility.

5. APPLICATION OF SITING CRITERIA

The hydrogeological component of the site screening criteria was analyzed to determine the
hydrogeological framework for assessment. This framework basically translates to the identification of sites
with the lowest potential for groundwater and surface water transport of contaminants. Equivalent mapping
units reflecting the different characteristics that are deemed favorable or unfavorable for the proposed
facility were applied. The units were identified based on the presumptive hydrologic characteristics of
particular landforms, soil units and rock formations as well as the regional climatological characteristics as
published by the local weather administration. The mapping units were then used as GIS decision elements
with the intention of eliminating particular zones of areas in the Philippines, which are not favorable for the
siting of the proposed facility. It must be noted that not all mapping units, particularly those reflecting
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terrain characteristics, could be used for this process since the primary working map used is the 1964
edition of the Geologic Map of the Philippines. Topographic maps of the Philippines of comparable scale
could not be used as effectively at this level of the selection process. Aside from the mapping elements, the
major groundwater units identified in the 1997 version of the Groundwater Availability Map of the
Philippines were used. Regions in which the flow through rocks is either intergranular or through fractures
and solution openings were deemed unsuitable for this project. Using a groundwater potential map, areas
that have high and moderately high potential for groundwater were eliminated. From practice, it is known
that these areas with good potential for groundwater are the areas currently used in groundwater extraction
by deep wells, are used as recharge for groundwater, and may also be underlain by the highly permeable
alluvial deposits. This process also excludes sites that have high hydraulic conductivity greater than 10-4
cm/s. On the other hand, a geological map showing sites that are underlain by Quaternary alluvium were
eliminated. These sites are underlain by loose sediments which cannot provide a good foundation for
disposal sites. These are very porous, have high acceleration during earthquakes and vulnerable to erosion,
subsidence and flooding. Since sites with low degree of fracturing and fissility are required, areas that are
near known faults were eliminated. A buffer zone of 1 km. on each side of the faults were used to ensure
that only sites with low degree of fracturing are included in the candidate sites. Considering the hazards
from volcanic eruptions and other volcanic hazards such as lahars, earthquakes and slope processes, areas
underlain by Quaternary volcanic deposits, Quaternary active volcanoes and Quaternary apron deposits
were excluded. Areas with steep slopes, exhibiting greater than 15% gradient, were excluded from
candidate sites. Areas near seashores were excluded. This is to ensure that candidate sites vulnerable to
surface geological processes such as erosion, wave action are not vulnerable to tsunami and storm surge.
Likewise, lake areas and their shores were also eliminated to ensure that candidate sites are not likely to
introduce contaminants to fresh water bodies. Moreover, the location of parks and integrated protected
areas was then used to eliminate those sites from the candidate areas. Preliminary results indicate that the
resulting maps showing the geologic, hydrogeologic and environmental considerations that were utilized in
the site assessment process correspond essentially with the hilly to mountainous sections of the country.
The major areas include most of Palawan, the core of Mindoro, the western and eastern sections of Panay,
the Zamboanga Peninsula, the eastern side of Mindanao and Luzon, the Zambales Mountain Range and the
Central Cordillera. If each of these resulting maps were overlayed, about 90% of the country will be
eliminated from being suitable for radioactive wastes disposal. The final map shows about 40 candidate
sites to date. This map will be used as a primary map and will serve as an input to subsequent analysis. The
political boundaries of the various regions were delineated and used to divide the whole area into segment
with the aim of identifying an area, considering that a buffer zone of limited land use will be imposed for
the disposal site. Final candidate sites will be identified after the application of the criteria on land use,
access and population.

6. FUTURE ACTIVITIES

The Philippines has indicated interest in the IAEA Model Project on Radium
conditioning and is currently preparing for this. Following the issuance of the regulatory policy
on radium, it is envisioned that all the radium sources in the country will be collected at the
PNRI Centralized Waste Treatment Facility by the end of January 2000 for conditioning in one
campaign together with those earlier collected and on long term storage at the PNRI site. It has
been proposed that the national team will undertake the conditioning of these radium sources
with technical assistance to be provided by the Agency in terms of provision of expert advise and
special tools and equipment. The siting activities for a low level waste repository will be
pursued until a short list of candidate sites is drawn and recommendations to the appropriate
government agency will be submitted in the conduct of site specific studies. R&D activities will
be conducted in support of the siting project for a low level waste repository as well as for the
national waste management programme in general. The operation and performance of the
centralized waste treatment facility will be reviewed and assessed for further upgrades to
enhance its effectiveness and to strengthen its capability to demonstrate simple treatment
methods and procedures for radioactive waste management which are internationally accepted.
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Abstract

This paper describes the radioactive waste management in Mexico, particularly the activities that the
National Institute of Nuclear Research (NINR) is undertaking in this field. Classification and annual
generation of radioactive waste, together with practices and facilities relating to the management of
radioactive waste are addressed. The respective national legal framework and policy are outlined.

1. INTRODUCTION

The radioactive waste is originated from the use of the nuclear and radioactive materials in
research institutions and companies dedicated to investigation and applications of the nuclear
techniques in Mexico. In addition to the generation of electricity by means of nuclear energy in the
Nuclear Power Center (NPC), which is operated by the Federal Commission of Electricity, there are
other applications for the ionizing radiation in the fields of agriculture, industry, and medicine in this
country. The institutions and companies that make apply nuclear technology require licenses,
authorizations and permissions granted by the Health Secretary and the National Commission of
Nuclear Safety and Safeguards (NCNSS). There are around 1,200 licenses granted by the NCNSS for
possession and use of radioactive material in the country. Approximately 100 of them relate to X-ray
facilities, 200 to nuclear medicine, 200 to industrial plants, 400 to radioimmunoassay laboratories and
the remainder to institutions of superior education and research. The main objective of this work is to
present a description of the radioactive waste management in Mexico, particularly the activities that
the National Institute of Nuclear Research (NINR) is doing in this field.

2. CLASSIFICATION

According to the Mexican official standard NOM-004-NUCL-1994 [1], the radioactive wastes
are classified as follows: low level (classes A, B and C), intermediate level, high level, mixed level,
and uranium and thorium tailings. The nuclear and radioactive facilities classify the waste based on
isotopes, specific activity, volume and chemical composition, according to the Mexican General
Regulation of Radiological Safety (MGRRS) [2]. Based on the license of each installation and on the
MGRRS, an installation can release radioactive waste as long as the limits established in the Mexican
official standard NOM-006-NUCL-1994 [3] are not exceeded.

3. ANNUAL GENERATION

The NPC are generating between 92 and 102 spent fuels every year and they are stored in the
irradiated fuel pools that are located in the secondary containment of each reactor. The storage
capacity of these pools is for the useful life of this nuclear power plants [4]. In the TRIGA Mark III
research reactor, an average of 5 spent fuels are annually generated and they are stored in the reactor
pool and they will be given back to the supplier for its final disposal in the country of origin [4]. The
nuclear fuel disposal in Mexico is a long-term subject. Up to the international level, its reprocessing
or definitive storage will have access to many technologies when the fuel is declared waste. The NPC
is annually generating an average of 381 m3 of low level waste, which are temporarily confined in 3
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warehouses in the NPC [4]. The Radioactive Waste Department at NINR receives annually an
average of 15 m3 of solid waste and 200 spent sealed sources from institutions and companies through
the country. Both are classified as low level waste. Also the NINR collects 5 m3 of organic liquid
waste every year where most of them are mixed waste. At the present time, uranium and thorium
tailings are not generated, because mining or benefit activities for these elements are not made in this
country.

4. MANAGEMENT OF RADIOACTIVE WASTE

According to the Prescribed Law of Article 27 of the Mexican Constitution on Nuclear Matter [5], the
Energy Secretary (ES) has to its position the storage, transportation and disposal of nuclear fuels and
radioactive waste whatever their origin is. The same Law grants to the NCNSS the authority to
review, evaluate and authorize the bases for: a) the location, design, construction, operation,
modification, cease of operations, definitive close and decommissioning of nuclear and radioactive
facilities; b) all issues relative to the manufacture, use, handling, storage, reprocessing and
transportation of nuclear fuels and materials, radioactive materials and equipment that contain them;
c) processing, preparation, releasing, and storage of radioactive waste; and d) any disposal that of
them becomes, as well as to send, to renew, to replace, to modify, to suspend and to revoke the
permissions and licenses required for the nuclear and radioactive facilities. The ES, through the
NCNSS, has been publishing the technical standards, which are contained in the MGRRS for the
radioactive waste management. The radioactive waste management in Mexico is a regulated activity
and includes actions for their volume reduction, segregation, collection, transportation, preparation,
immobilization, temporary storage and definitive storage.

4.1. Practices for radioactive waste management

A great number of laboratories of the health field have the radioactive waste fulfilling the limits
established in Mexican official standards NOM-006-NUCL-1994 and NOM-028-NUCL-1996 [3,6].
The NPC has to their position the radioactive waste management generated in the operation of its two
nuclear power units. The NINR received authorization from the ES for collection, transportation,
preparation, processing, immobilization and storage of radioactive waste from institutions and
companies through the country, with exception of the NPC.

4.2. Radioactive waste management at the NINR

The NINR is collecting and transporting radioactive waste and has specific authorization of the
NCNSS, according to the requirements established in the MGRRS. The processing activities, that
include segregation, preparation and immobilization of the radioactive waste, are carried out in the
plant of processing for radioactive waste, which is located in the Nuclear Center of NINR, where the
waste undergo the processing adapted for different material types.

a) The solid waste are compacted and packed in steel drums of 200 liters.
b) The liquid wastes are prepared by evaporation or precipitation and cemented in drums of the

same type as for solid waste.
c) The biological waste are treated first to deactivate them biologically, and are then compacted

and packed in drums.
d) The spent sealed radioactive sources are immobilized in their own containers or in drums.

The prepared solid waste and drums or the containers with the spent sources are transferred to
the Center for Storage of Radioactive Waste (CSRW) for their confinement in the warehouses under
the process used for CSRW's inventory.
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5. CENTER FOR STORAGE OF RADIOACTIVE WASTE

The NINR operates the CSRW according to the license granted by the NCNSS, that authorizes
the temporary storage of radioactive waste. The CSRW is located in the Municipality of Temascalapa,
about 30 km from Mexico City on an area of 164,000 m2.

5.1. Description of the CSRW

The CSRW counts on 3 warehouses for radioactive waste, offices building, meteorological
station and monitoring house. The warehouses count on lighting system and systems for the physical
protection of the stored material, such as interconnected locks to alarms, smoke detectors and
extinguishers. Additionally, there is a zone of five trenches of 190 meters in length with different
depths from 1.5 to 2.5 meters. These trenches were used until 1989, the year in which the practice to
bury the bulks with radioactive waste were suspended, to fulfill the indications of the NCNSS
according to the evolution of the applicable regulations. The CSRW does not make any operation
such as preparation or processing of radioactive waste. It solely pursues activities of storage and this
is the reason why transmissions of smoke or effluents of any nature do not occur. The CSRW counts
on a programme for quality assurance in order to assure that the administrative and technical
processes fulfill the applicable regulations. The entrance into this installation is regulated by a plan of
physical safety which establishes the access requirements according to the MGRRS.

5.2. Radiological safety for the CSRW

The CSRW counts with a handbook of radiological safety procedures, which includes the
actions and processes required for the registry and control of the stored radioactive material, use of
the equipment and radiation measurers, as well as for the conventional and specialized maintenance
and for the physical safety of the facility. As far as the radiological safety is concerned, the
Radiological Protection Department of the NINR and the NCNSS make inspections and periodic
monitoring for verifying the fulfillment of the CSRW operation conditions according to the license
granted to the NINR.

6. NATIONAL POLICY FOR RADIOACTIVE WASTE MANAGEMENT

In March 1999 a group of specialists from different national institutions, co-ordinated by the
ES, processed a proposal of national policy for radioactive waste management in order to have the
technical and normative bases for the national planning in this matter. This task is under continuous
progress with the help of the International Atomic Energy Agency. The NCNSS has published the
technical standards NOM-022/1-NUCL-1996 to NOM-022/3-NUCL-1996 [7-9], where the
requirements for near surface disposal facility for the low-level radioactive waste are set down. The
requirements include the criteria for the site selection, design, construction, operation, closing, post-
closing and institutional control of one facility. Also, the Mexican official standard NOM-019-
NUCL-1995 [10] establishes the requirements for packages of low level radioactive waste for near
surface disposal facility. The ES, through the NPC and the NINR, has begun studies for establishing
the technical bases for site selection, construction and operation of a center for the final disposal of
radioactive waste in Mexico.
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Abstract

The recent successful certification and opening of a first-of-a-kind, deep geological repository for
safe disposal of long-lived, transuranic radioactive waste (TRUW) at the Waste Isolation Pilot Plant
(WIPP) site, New Mexico, United States of America (USA), embody both long-standing local and
wide-spread, gradually achieved, scientific, institutional, regulatory, political, and public acceptance.
The related historical background and development are outlined and the main contributors to the
successful siting, certification, and acceptance of the WIPP TRUW repository, which may also serve
as a model to success for other radioactive waste disposal programs, are described.

1. INTRODUCTION

The successful 1998 certification and 1999 opening of a first-of-a-kind, deep geological
repository for safe disposal of long-lived, transuranic radioactive waste (TRUW) at the Waste
Isolation Pilot Plant (WIPP) site, New Mexico, United States of America (USA) (Fig. 1), embody
both long-standing local and wide-spread, gradually achieved, scientific, institutional, regulatory,
political, and public acceptance. Five main contributors to the successful siting, certification, and
acceptance of the WIPP TRUW repository, which may also serve as a model to success for other
radioactive waste disposal programs, were and are:

• The existence of a strong, independent regulator;
• The existence of a regulatory framework that was largely perceived to provide adequate

protection of public health and the environment;
• A willing host community;
• A simple, stable, robust, and generically highly regarded host rock, i.e., bedded salt,; and
• An open siting, site characterization, repository development, certification/recertification process

with periodically scheduled opportunities for information exchanges with affected and interested
parties, including (a) prompt responses to non-DOE concerns and (b) transparency/traceability of
external input into and the logic behind the DOE's decision-making process.

On 13 May 1998, the United States (U.S.) Environmental Protection Agency (EPA) certified
[1] that the specially sited, designed, and constructed deep geological repository for safe disposal of
long-lived TRUW proposed by the U.S. Department of Energy (DOE) at a depth of 600 meters (m) in
a regionally extensive, 600-m thick, 225-milIion year old, virtually impermeable, bed of rock salt the
WIPP site in New Mexico, USA (Fig. 1), complied with all applicable radioactive waste disposal
regulations [2,3]. After overcoming a legal challenge, the DOE commenced disposal operations at
the WIPP TRUW repository on 26 March 1999. The opening of the WIPP TRUW repository was
preceded by a 24-year-long process, of which the convergence of scientific, institutional, regulatory,
political, and public issues achieved by the DOE Carlsbad Area Office (CAO) between 1993 and
2998, was instrumental to both enhanced acceptance and an almost three-year advancement of the
certification of the WIPP TRUW repository.
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Fig. 1. Locations of 23 TRUW generator/storage, the WIPP, and the Yucca Mountain sites (to the
left) and schematic illustrations of the "controlled area", repository layout/foot print, and
stratigraphy at the WIPP site (to the right)

Consistent with the guidelines defined by the International Atomic Energy Agency's "Joint
Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste
Management" [4], concisely summarized below are the main perceived contributors to maintained
and enhanced acceptance of the WIPP TRUW repository. The main objective for sharing these,
possibly unique site- and country-specific, chain of events with the international radioactive waste
management community is to promote an effective nuclear safety culture worldwide by providing
other radioactive waste management organizations the opportunity to assess and use past WTPP
policies and results and to participate in ongoing WIPP activities that may be useful in advancing
their respective waste disposal program.. Additional pertinent information is available in e.g. [5-7].

2. BACKGROUND

In the USA, the birth of the deep geological disposal concept for long-lived radioactive waste
occurred in September 1957 when a Committee of the National Academy of Sciences-National
Research Council, at the request of the Atomic Energy Commission and after 2 years of deliberation,
published a report on land-disposal of long-lived radioactive waste [8]. This report includes the
following statement: "Disposal in cavities mined in salt beds and salt domes is suggested as the
possibility promising the most practical immediate solution of the problem."

In response to a 1973 invitation by local communities in New Mexico and following a
regional screening of potential rock salt sites conducted by the Oak Ridge National Laboratory, in
1975, under the advisement of Sandia National Laboratories (SNL), the DOE began surface-based
site characterization activities in the region of the current WIPP site. At that time, the mission was to
establish a repository for defense-generated spent nuclear fuel and other high-level radioactive waste,
hereinafter jointly referred to as HLW, and TRUW. In 1979, the U.S. Congress (a) officially named
the candidate repository site "the WIPP site" and (b) redefined the mission of WIPP to only serve as a
research facility for safe disposal of TRUW. An underground research laboratory was excavated and
characterized in the candidate, bedded rock salt, host formation, the 225-million year old, 600-m
thick Salado Formation, between 1981 and 1988. Concurrently, all surface facilities, four shafts, and
a portion of the potential repository were also constructed, tested, and deemed adequate by the DOE
for safe disposal of TRUW, including a hot cell for safe handling of HLW and remote-handled
TRUW.
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However, the DOE had entered a Consultation and Cooperation Agreement with the State of
New Mexico in 1981. This agreement was subsequently amended to include a commitment by the
DOE, which was self-regulating at that time, to comply with the EPA's environmental radiation
protection standards, also commonly referred to as the standards, final disposal regulations, and 40
CFR 191. These standards had been partially remanded and vacated by the court in 1987. Several
attempts made by the EPA to repromulgate 40 CFR 191 failed until the U.S. Congress directed the
EPA in the WIPP Land Withdrawal Act of 1982 [9] to only repromulgate the three portions of the
standards that had been remanded and vacated by the court. The LWA also withdrew the 16-square-
kilometer WIPP land parcel (Fig. 1) from public use and directed the DOE to develop a TRUW
repository at the WIPP site in compliance with all applicable regulations, including the EPA's
pending final disposal regulations for the WIPP site. The new standards [2] were promulgated in
December 1993, the DOE submitted a draft compliance certification application (CCA) to the EPA
on 30 May 1995, the EPA promulgated criteria for compliance with these standards in February 1996
[3], which involved and were followed by an iterative information exchange process culminating in
the DOE's submittal of the final CCA in October 1996 and the EPA's certification of the WIPP
TRUW repository on 13 May 1998 [1]. In other words, the certification of WIPP involved an almost
4-year long iterative information exchange process between the applicant and the regulator, which
included more than 50 public meetings and reams of documentation. It should be noted that the final
disposal regulations for the WIPP site apply to both HLW and TRUW, and that several of the tests
that were conducted at the WIPP site involved simulated HLW disposal conditions and model
developments.

Another specific condition affecting the opening, operation, and acceptance of the WIPP
repository was the large percentage of the existing TRUW that also contained regulated hazardous
constituents, hereinafter referred to as mixed TRUW. Although the EPA had promulgated the
applicable hazardous waste disposal regulations, the authority to permit hazardous waste disposal at
the WIPP site had been transferred to an independent state agency, the New Mexico Environment
Department (NMED). The NMED received the DOE's permit application in May 1995, issued draft
permits in May and October 1998, and issued the final hazardous waste disposal permit on 27
October 1999. The NMED's permitting process included extensive public hearings. In the mean
time, the DOE, with the concurrence of the NMED, had commenced disposal operations for of non-
mixed TRUW at the WIPP site on 26 March 1999.

Before describing the main contributors to the wide-spread acceptance of the currently
operating WIPP TRUW repository, it should be acknowledged that, although the DOE is responsible
for the development of repositories for both spent nuclear fuel and high-level radioactive waste
(HLW) and TRUW in the USA, it has established two essentially autonomous offices to accomplish
these missions. In short, the CAO is responsible for the integration of the safe management of the
nations TRUW, including the continued safe operation and decommissioning of WIPP, whereas the
Office of Civilian Radioactive Waste Management (OCRWM) is responsible for the development
and operation of a repository for HLW. One candidate site, the Yucca Mountain site, is currently
being evaluated. Significant differences between the two repository programs are:

• They're distinctly different legal/statutory and regulatory frameworks, of which, the regulatory
framework for the Yucca Mountain HLW repository site is currently being modified.

• The U.S. Nuclear Regulatory Commission (NRC) is he main regulator for a HLW repository
whereas the EPA is the main regulator for a TRUW repository.

• The WIPP repository concept is based on direct disposal, a 100-year post-closure, active
institutional controls period, and almost sole reliance on the natural barriers for long-term
radionuclide containment and isolation, whereas the current Yucca Mountain HLW repository
concept is based on high-thermal loading of the natural setting, significant reliance on engineered
barriers, and a 300-year pre-closure active institutional controls/monitoring/recoverability period.
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The WIPP TRUW repository has been in operation for almost a year, whereas the candidate
HLW repository at the Yucca Mountain site in Nevada, contingent upon the NRC's timely
promulgation of the final disposal regulations for the Yucca Mountain site, is scheduled to be
subjected to a suitability assessment/recommendation in July 2001, followed by a license
application in 2002, and the potential opening of a HLW repository in 2010.

3. MAIN CONTRIBUTORS TO THE ACCEPTANCE OF THE WIPP TRUW REPOSITORY

One of the cornerstones to the existence of the WIPP TRUW repository is the long-standing
willingness among local politicians and residents to host a deep geologic repository for long-lived
radioactive waste in their backyard. This, possibly unique, local support and participation in the
WPP project has remained strong throughout the years and has resulted in DOE-sponsored socio-
economic developments both in the WIPP region and elsewhere in New Mexico.

One particularly successful DOE action was the December 1993 establishment of the CAO in
the WIPP-site region, augmented by the good fortune of finding a very, if not uniquely, resourceful
and motivated CAO manager [6,7]. Two measures implemented by the CAO manager that
contributed to both enhanced acceptance and a 3-year advancement of the certification of the WffP
TRUW repository were: (1) The April 1994 development and subsequent vigorous implementation of
the WIPP Disposal Decision Plan (DDP); and (2) The August 1995 implementation of the Systems
Prioritization Method (SPM), which essentially tempered an ambitious but unwieldy scientific
program.

The two key elements of the DDP contributing to its wide-spread acceptance were that it (a)
integrated the entire TRUW disposal program from cradle to grave and (b) institutionalized about 50
public meetings during a 5-year period. The SPM involved a thorough assessment of 116 proposed
scientific activities based on their individual and combined contributions to achieving compliance
with the EPA's final disposal regulations. The 116 scientific activities were evaluated in more than
46,000 combinations by some 1,300,000 stochastic assessments and eight activity sets were identified
that would provide a 0.96 probability/confidence level that the WIPP TRUW repository would
comply with the final disposal regulations if the projected outcomes of these activity sets were within
the expected ranges. As evidenced by the 1998 certification of the WIPP TRUW repository, the SPM
successfully focused the scientific program. The related time and cost savings were substantial,
which highlight the value of a well-defined, non-conjectural, regulatory framework. In terms of
contributing to the acceptance of WIPP, the SPM process also included the formulation of proposed
DOE-approaches in 11 white papers that were presented and discussed at eight public meetings
between April 1994 and April 1995. In addition to establishing a strong local ownership of and
support for the subsequent decision by the CAO manager to implement a program policy based the
SPM results, the aforementioned white papers and public meetings provided transparency and
credibility to both the SPM and the subsequent CAO decision-making process.

Two concepts introduced by the CAO that also enhanced the acceptance of the WIPP TRUW
repository were (1) its inherent safety and (2) the national risk reduction provided by WIPP. Suffice
it to summarize that the calculated radiation risks from WIPP in terms of (a) radionuclide releases
caused mainly by inadvertent human intrusions conditions is at least 10 times lower and (b) the
maximum individual committed effective annual dose is at least 32 times lower than the related, very
stringent, regulatory criteria. The national risk reduction offered by WIPP was exemplified by the
fact that the removal of all existing TRUW currently stored in temporary surface and near-surface
facilities, including tents, at 23 sites scattered around the nation to WIPP would reduce the risks to
the 53 million residents living within an 80-kilometer radius of these sites.
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Another successful strategy employed by the CAO to maintain and enhance broad-based
acceptance of the WIPP TRUW repository was the use of independent domestic and international
peer reviews, and expert elicitation, which ensured visible, constructive feed back from the scientific
community. For example, during 1995 and 1997, the CAO commissioned seven domestic and one
international peer reviews, and one expert elicitation. Several additional peer reviews of data and
information supporting of the WIPP compliance certification application were commissioned by
SNL.

Lastly, compared to the challenges and delays currently facing many other radioactive waste
management organizations and programs, two conditions that contributed to the broad-based
acceptance and advancement of WIPP appear to be the CAO's ability to (a) recognize and accept
external concerns, including residual concerns and that perceptions need to be dealt with as realities,
and (b) convey its message in terms that were clearly understood by all affected and interested
parties, including avoiding falling into a number of potential semantic traps. Such traps are
commonly used by opponents to misconstrue and compromise the safety of a given repository or
repository concept by emphasizing any inadvertent or potential negative implication of a term used by
the applicant or the regulator. For example, terms like "the best site" and "consensus", which depict
unattainable conditions, and "retrievability" and "extended pre-closure safeguards/active institutional
controls period/monitoring", which convey both a positive or a negative message depending upon the
mind set of the recipient/audience, were not allowed to became issues at WIPP. Favored and
recommended alternatives to the first three terms are "safe site", "convergence/majority support", and
"recoverability". The fourth term/concept never surfaced at WIPP. However, a more neutral
replacement term could be "extended public-protection assurance".

In summation, the initial acceptance of the WIPP TRUW repository was largely attained by
the generic radionuclide containment and isolation merits vested in rock salt and the willingness of
the local communities to host a repository for HLW and TRUW. Final scientific, institutional,
regulatory, political, and public acceptance was attained gradually over a period of 24 years, and
culminated with the EPA's May 1998 certification of the WIPP TRUW repository and the EPA's
March 1999 defeat of a lawsuit challenging the certification of WIPP. The five main contributors to
the broad-based acceptance of the WIPP TRUW repository and its successful certification are:

• The existence of a strong, independent regulator;
• The existence of a regulatory framework that was largely perceived to provide adequate

protection of public health and the environment;
• A willing host community;
• A simple, stable, robust, and generically highly regarded host rock, i.e., bedded salt,; and
• An open siting, site characterization, repository development, certification/recertification process

with periodically scheduled opportunities for information exchanges with affected and interested
parties, including (a) prompt responses to non-DOE concerns and (b) transparency/traceability of
external input into and the logic behind the DOE's decision-making process.

In closing, it is emphasized that the acceptance of the WIPP TRUW repository (a) is broad
but not total and (b) was not achieved by a single event or action. However, without one or more of
the following three attributes (1) good science, (2) strong leadership, and (3) local acceptance, the
current status of WIPP would likely be different and less advanced than it is today. Since the WTPP
TRUW repository needs to be recertified by the EPA at least every fifth year, the CAO intends to
maintain established and promote new partnerships to enhance the credibility and acceptance of the
CAO and the WIPP TRUW repository. As follows, local, domestic, and foreign partnerships are
integral components of WIPP future that also promote an effective nuclear safety culture worldwide.
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Abstract

The NPP Cemavoda will consist of five 600 MW(e) CANDU type reactors, which are now in
various phase of construction. Unit 1 is in use from 1996. Although each reactor is provided
with adequate facilities for intermediate storage or controlled discharge of all solid, liquid
and gaseous wastes, plant operation will generate significant quantities of low and medium
level solid wastes, so that the problem of their final storage must be solved as soon as
possible. For that purpose, a programme is in progress to support the development of the final
storage strategy, that meets applicable nuclear safety requirements for human population and
the environment. According to this strategy, the construction of a near surface final
repository, where a treatment and conditioning plant was included, is planned for 2003 -
2005. For this repository, the Saligny site, near the NPP, inside the exclusion zone was
chosen. The final storage capacity (approximately 60,000 m3), which is to be built in steps,
should be enough to accommodate all low and medium level solid wastes resulting from a
minimum 30 years of operation of each reactor and from decommissioning. This paper
presents how the low and medium level solid wastes that result from operation shall be
managed for final storage in the NPP Cernavoda.

TYPES OF WASTE

Low and medium level solid radioactive wastes generated by a nuclear power plant include a
variety oft types. They may be grouped as follows: general wastes: paper, cloth, plastic
materials, rubber, glass, wood, building materials, etc., contaminated metal parts: tools, pipes,
reinforcements, equipment, etc. activated reactor components, ventilation system filters,
spent filtering cartridges, spent ion-exchange resins, solidified organic fluids.

According to today's concept regarding radwaste management at Cernavoda NPPU1, the only
solid radwaste treatment method consists in compacting the compressible wastes into
standard 200 1 drums which, after sealing, shall be transferred to an intermediate storage. All
the other categories of solid wastes, except filters in the ventilation system, filtering
cartridges in the process purification system and ion-exchange resins, shall also be packed
into standard 200 1 steel barrels without a preliminary processing, and than closed-up and
transferred to the intermediate storage facility of the NPP. After a 5-year period of
intermediate storage, the radioactivity present in most of the ventilation system filters will
decrease below the limit they were considered radioactive. In the case that the activity
remanent in some of the filters will not allow die filter classification into the conventional
waste category, those filters are to be disassembled, short-cut eventually and packed (with or
without compacting) into standard 2001 steel drums and subsequently sent, as such, to the
repository.
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Filtering cartridges from the plant process purification systems are represented by the
following types of dimensions:

Typel
Type 2
Type 3
Type 4
Type 5

Diameter (mm)
480
385
371
254
120

Length (mm)
1463
1173
1158
1143
1183

Type 2
426
7.92
2925

Type 3
323
7.92
2925

These filtering cartridges are stored in the intermediate storage after insertion into cylindrical
steel cases with bottom welded and removable cover with sealing closing, having the
following types of dimensions:

Case Type 1
Outer diameter (mm) 530
Wall Thickness (mm) 7.92
Length (mm) 2925

The purpose of the cases is to avoid radioactive particle contamination of the storage cells
inside the intermediate storage.

Spent ion-exchange resins are discharged from the process purification systems of each unit
in the form of demineralized water suspension and than transferred into the storage tanks
associated to the spent ion-exchange resins handling system. Though sizing of the total
storage tanks capacity take into account the disposal of the spent resins throughout the NPP
service-life (30 years), in order to avoid blocking the tanks due to the stored resin self-
compacting, it is necessary to drain off the resins after a period of 10-15 years. Discharged
resins shall be immediately conditioned by cement pouring into standard 2001 steel drums by
means of a mobile conditioning facility and then transferred, as such, to the repository.

The estimated quantities and the activity of wastes resulting from each NPP unit per year are:

31m3 general wastes, out of this quantity, 22 m3 is represented by compactable wastes,
precompacted by slight pressing into 2001 steel drums in order to obtain about 50% reduction
by volume and 9m3 non-compactable wastes (including unusual wastes), with a total activity
of 26 x lu~3 TBq; l-2m3 organic fluids with a total activity of 3.7 x 10E-2 TBq; 7m3 spent
ion-exchange resins with a total activity of 18.5 TBq; 2m3 spent filtering cartridges (15
pieces) with a total activity of 7.4 x I0~2 TBq.

After the conditioning of spent resin and organic fluids, each NPP unit shall ship yearly the
following quantities of wastes to the Final Repository: 22 m3 compactable wastes in about
110 drums; 9 m3 non-compactable wastes (including unusual wastes) - about 45 1 drums; 12
m3 conditioned organic fluids - about 60 drums; 52 m3ion-exchange resins conditioned by
cement pouring (the resin to cement ratio is 1: 3) about 260 drums; 2 m3 spent filtering
cartridges packed in steel cases.
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Abstract

All radioactive waste produced in the Netherlands is managed by COVRA, the central organization
for radioactive waste. The Netherlands forms a good example of a country with a small and in the
near future ending nuclear power programme. However, radioisotope production, nuclear research
and other industrial activities will continue to produce radioactive waste. For the small volume, but
broad spectrum of radioactive waste, the Netherlands has developed a management system based on
the principles to isolate, to control and to monitor the waste. Long term storage is an important
element in the management strategy that will ultimately result in final removal of the waste. Since the
waste will remain retrievable for a long time, new technologies and new disposal options can be
applied when available and feasible.

1. INTRODUCTION

In The Netherlands there are some 200 producers pf radioactive waste, varying from research
establishments, all sorts of industries and hospitals. Most of them generate only small volumes of low
and medium level waste. These small volumes however cover a wide range of waste forms: solids,
liquids of all natures, slurries, animal carcasses, machines, equipment, sealed sources etc. Some ore
processing industries and an unranium enrichment facility generate larger volumes of solid low level
radioactive material. Small volumes of high level waste are, or were, produced by the nuclear power
plants and by the research reactors. Research reactors at Petten and Delft were constructed in the late
fifties. In the late sixties and early seventies, two nuclear power plants in Dodewaard and Borsele
started producing electricity. The Dodewaard reactor was shut down in 1997 while the Borsele plant
is scheduled to be closed in 2004 as the result of a political decision. This date may however be
reconsidered in view of the debate on the reduction of green house gases. The research reactor at
Petten is also used for radioisotope production: as an example large quantities of molybdenum for
medical use are produced here.

2. ISOLATE, CONTROL AND MONITOR.

Waste prevention and reuse of materials is an important environmental goal. But when the
production of hazardous waste is unavoidable then these materials must be isolated, controlled and
monitored. Of course this philosophy is also to be applied to radioactive waste management.

Since 1984 the government of The Netherlands follows a straight forward policy based on the
above-mentioned philosophy. The main elements of this philosophy are:
all kinds and categories of radioactive waste will be stored for at least 100 years above
ground, in engineered structures, which allow retrieval at all times;
this long-term storage, together with a central treatment facility is considered as a normal
industrial activity and will be located on one single site;
research will be performed on final disposal possibilities within the Netherlands or within an
international framework;
the Central Organisation for Radioactive Waste (COVRA) will take care of all the wastes
produced.
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Direct disposal is not yet feasible in The Netherlands. A disposal site for this type of
hazardous waste is not available, the public acceptability for deep geologic disposal is low and the
small volumes of waste available for direct disposal do not require an immediate final solution. Also
the financial burden of a direct disposal facility is prohibitive for the samll quantities concerned. The
money can however be generated when a capital frowth fund is allowed to grow over a substantial
time period.

The small quantities of waste can easily be isolated from the environment by storing them for
a long time in buildings. Such long term storage also allows for the application of future international
or regional disposal solutions or even completely new techniques to remove the hazardous
constituents.

The choice to store for a long time was well considered and was not taken as a 'wait and see'
option. This is clearly demonstrated by the fact that integral parts of the policy are: the establishment
of the capital growth fund and a clear choice for the ownership of the waste within COVRA. This
policy does not leave the burden of waste generated today to future generations. Only the execution
of the disposal is left as a task for the future. All the waste will be kept at one site, well isolated from
the environment, well controlled and well monitored. The waste is fully retrievable and a disposal
solution is at principle already available. The money needed will become available in the capital
growth fund. Implementation of this policy meant establishing COVRA as waste management
organisation, finding a site, licensing, construction and commissioning of facilities. The facilities for
low and medium level waste are in operation, the facility for high level waste is under construction
and will be ready to receive waste in 2004.

3. COVRA

COVRA has been set up as a joint venture between the major producers of radioactive waste in the
country and the government. Its only statutory task is to execute the policy of the government with
respect to radioactive waste. This means more specifically:

collection and shipment of the radioactive waste;
treatment and conditioning of low- and medium-level radioactive waste;
storage of all categories of waste in buildings;
monitor the environmental impact of treatment and storage;
advise government on matters related to final disposal policy or other possibilities;
execute in the future the final option to be chosen by government;
stimulate and perform research and development necessary for the final removal;
contribute to national and international work in advisory committees;
informing the public about the management of radioactive waste.

COVRA has a site available of about 30 ha at the industrial area Vlissingen-Oost. This site
offers enough space for the existing waste and the waste expected to be produced in the nest century.
Here COVRA operates a facility for the treatment of low- and medium-level waste. The facility was
erected between 1990 and 1992 and it includes the following:

an office building including an exhibition centre;
a building for the treatment of low- and medium- level wastes;
various storage buildings for conditioned low- and medium-level waste.

For the handling and storage of high level waste the construction of a naturally cooled storage
vault started early 1999. The first shipment of conditioned high-level waste from reprocessing is
scheduled in the year 2004. A lay-out of the facilities as present in 2000 is given in Figure 1. In the
same figure also the situation for the completely filled site is given, which will be reached after 2100.
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4. LOW AND MEDIUM LEVEL WASTE

Annually some 300 cubic meter of conditioned low and medium level waste is produced.
Most of it is conditioned at the COVRA facilities. Resins and evaporator sludges are directly
conditioned at the nuclear power plant. In the treatment building various installations are available,
such as super compactor, a dedicated incinerator for biological waste, a dedicated incinerator for
organic liquids, shearing and cutting installations, a cementing station and a waste water treatment
system. At the moment COVRA operates three storage units, each unit has a capacity for
approximately 5000 cubic meters conditioned waste. The three storage units are connected by a
reception bay. A fourth unit can be built and connected with the central reception bay when needed in
the future. Blocks of waste packages are placed in rows, which leave open corridors for inspection.
Lower dose rate packages are stored along the outer walls of the modules, and on the top layers in
order to provide additional shielding for higher dose rate packages at the interior. Humidity in the
storage building is kept at a low level in order to prevent condensation of air moisture on the
packages.

Over a period of 100 years the total volume of low and medium level waste that has to be
stored, including low and medium level waste from reprocessing and including the waste from
decommissioning is 60,000 cubic meters. At the site there is room available for sixteen storage units.

5. LOW LEVEL WASTE FROM ORE PROCESSING

Relatively large volumes of low level radioactive waste are produced in the ore processing
industry. The natural radioactivity present in ores is concentrated in some of the process streams
leading to specific activities of some thousands of becquerel. Generally this waste is generated in the
form of a relatively stable product, such as a slag, for which no further conditioning is needed. In the
uranium enrichment industry depleted uranium is formed. When this is present in a stable form such
as uraniumoxide, it can be stored directly. Future use of this material can not be excluded. The waste
from ore processing industry and the depleted uranium is stored in containers with a volume of
several cubic meters. These will be stored in buildings which have a capacity for 35,000 cubic meters
each. At COVRA's premises four of these storage buildings can be constructed.

6. HIGH LEVEL WASTE

All the spent fuel of the Dodewaard plant will be reprocessed in the United Kingdom while
that of the Borsele plant will be reprocessed by Cogema in France. The resulting reprocessing waste
will be sent back to the Netherlands. The vitrified residues, cemented hulls and endcaps or compacted
hulls and endcups and other high level cemented waste will be stored in a storage vault that is now
under construction. Also the high and low enriched spent fuel from the research reactors and some
other high level waste from research activities will be stored in this building.

A distinction is made between heat and non-heat generating waste, since the former category
requires cooling. The non-heat generating waste is, remotely controlled, stacked in well shielded
storage areas. The heat generating waste such as the vitrified residues, will be put into vertical storage
wells cooled by natural ventilation. This method is proven technology in the storage facilities of
BNFL at Sellafield and of Cogema at La Hague. The spent fuel elements of the research reactors are
delivered to COVRA in a cask containing a basket with circa 30 elements. The basket with elements
is removed from the cask and placed in a steel canister, which is welded tight and filled with an inert
gas. These sealed canisters are placed in wells, in the same way as the vitrified residues. The wells
will be filled with an inert gas to prevent corrosion of canisters with spent fuel elements or vitrified
waste.

In the design of the storage vault all accidents with a frequency of occurrence larger than once
per million years were taken into account. These accidents may not cause radiological damage to the
environment.
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7. CONCLUSION

In the past fifteen years The Netherlands followed a straightforward and clear line to
implement the governmental policy to manage the relatively small volume of radioactive waste
generated in this country. The implementation of this policy is now complemented and this means
that a management system for at least the next 100 years is in full operation.

Figure 1: Layout of the COVRA facilities in 2000 and the possible situation in 2100.
1 - office building and exhibition centre; 2 - building for the treatment of low and medium level
waste; 3 - storage building for conditioned low and medium level waste; 4 - storage building for high
level waste; 5- storage building for low level waste from the ore processing industry or depleted
uranium.
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Abstract

Aspects of treatment and management of radioactive wastes resulting from the use of
radiation sources and radioisotopes in research, medicine and industry, are described. The
methods applied for the conditioning of low-level radioactive wastes and spent radiation sources
are simple. Solid radioactive wastes with low-level activity, after accumulation, minimization,
segregation and measurement, are burned or compressed in a simple compactor of the PGS type.
Spent radiation sources are placed into 200 1 drums, are cemented and conditioned. Conditioned
drums from the Radiation Protection Division of the Institute of Nuclear Physics (INP), which is
the responsible Institution for the treatment and management of radioactive wastes in Albania ,
are transported to the interim storage building of the Institute of Nuclear Physics in Tirana. Work
to construct a new building for treatment and management of radioactive wastes and spent
radiation sources within the territory of INP is underway. Funds have been allocated accordingly:
based on the Law No. 8025 of 25.11.1995, it is the Albanian Government's responsibility to
finance activities concerned with the treatment and management of radioactive wastes generating
from the use of ionizing radiation in science, medicine and industry in the country.

1. INTRODUCTION

The main users of radioisotopes in Albania are the Academy of Sciences (Institute of
Nuclear Physics) and the University Hospital Center "Mother Theresa" (Nuclear Medicine
Laboratory and Oncology Institute) in Tirana. The majority of these sources are used for
calibration, scientific research, brachytherapy and teletherapy, and different organ functioning
tests of patients. Radiation sources are also used in industry (well logging, thickness meters, level
gauges etc.). The main radioisotopes in radioactive wastes in Albania are: 99 ' Tc;131 I ; 125 I;32

P; 51 Cr; 65 Zn; 60 Co ; 137 CS. 192 Ir ; 242 Am ; 238 Pu ; etc, which make up more than 95% of all
the volume of solid radioactive wastes generated by nuclear units in Albania. The annual quantity
of solid radioactive wastes generated by research institutions and nuclear research units in
operation is 1 Ci / m3 [1]. After the solid radioactive wastes have been immobilized , the waste
packages are normally placed in an uncontaminated area , where the final control is carried out for
a period of several days. The usual types of solid radioactive wastes are plastic tubes , papers ,
gloves, clothes , PVC materials , laboratory glassware, emptied containers and some secondary
wastes produced during treatment of liquids. Their origins are research laboratories, the
radioisotope production department, and the radiobiology and radiopharmaceutical departments.
Solid radioactive waste are received in plastic or nylon bags (packages) and sometimes in 200 1
drums. Usually the solid radioactive waste with its package is fed directly into the drum and a
compaction of the solid radioactive wastes is performed.

Compaction is a mechanical volume reduction technique used at INP for low level
combustible solid radioactive wastes. A volume reduction factor of 0.4 - 3 is obtained, depending
on the type and compressibility of the wastes [1]. The waste bags are grouped together according
to their specifications. The nuclides , their half lives and the volume of the bag are evaluated. If
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there is enough space on the drum to keep the bag until the activity decreases to exemption level
within 1-3 years, it is better to keep it in the storage room for decay. Drums can be transported
after at least 3 days stay at the facility building. A layer of up to 5 cm of cement has to be added,
whenever possible, before the drum is transported to the interim storage buildings.

The interim storage period can take many years. Interim storage provides for an
observation period of some years before disposal of the drums in the repository. During that time,
drums are periodically controlled for deformation, corrosion, etc. since necessary precautions
must be taken before disposal. Interim storage can take advantage of the activity decay with time
to facilitate the safe transport to the repository. If the activity will decrease to exemption levels
within 10 or 15 years, interim storage is used for that kind of conditioned wastes as a temporary
host until they are sent to municipal waste collection area [2].

2. MATERIAL AND METHODS

The preferred option to reduce the safety risks for accidents with spent radiation sources is
the conditioning or immobilisation of spent sealed sources in a matrix, as soon as they are verified
as spent radiation sources. The method has the advantage of using unsophisticated technology
and material and equipment which are easily available. The product package (200 1 drum) is
stable for a long time under interim storage conditions. Using an additional shielding inside the
drum it is always possible to reduce the surface dose rate. By proper conditioning of a spent
sealed source in concrete, the source is transformed into a form which cannot cause any large
exposure even if the waste package is handled without special precautions [3,4].

3. RECEIVING THE SPENT SOURCE

As soon as the source container or equipment is received, the surface dose rate is
measured and an identification number is given. A registry form [Registration Form No. 1] was
opened for each received spent sealed source. As is shown on this registration form, e.g. for a
cesium source (Cs- 137) bought by INP, all data are taken from the official passport of the
Institute of Isotopes Co. Ltd. Budapest. All fields in the form No. I are filled in with the data
obtained from the official passport or from the radioactive source label. If data are vague or no
data available (nuclide, original activity, production date), verification of data is carried out.

Registration Form No, 1

Received Sealed Source

Ident. No: 040- 4 M

Received date: January 1996
Origin: Elbasan Steel Factory

Weight of Cont. 60 Kg
Resp. Person: Unknown

Surface dose rate l.lmR/h

Notified Nuclide Cs-137
Original Activity 0.09 Ci

Production date: 1978
Producer Institute of

Isotopes, Hungary

Verification:
Date: 27.05.1996
Nuclide & Activity: Cs-137, 0.088 Ci
Note:Surface dose rate has been verified

Dose rate at I in 28 u.R/h
Leakage: No, sweep test by cotton
Responsible Person: Luan Qafinolla
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4. CANDIDATE SOURCE FOR CONDITIONING

Sometimes, the activity of an individual source may be very large so that conditioning and
additional drum shielding can not decrease the surface dose rate enough for it to be transported.
In Albania , in accordance with IAEA recommendations, conditioning of spent radiation sources
in Type A and Type B packages was used. The conditioning option is based on the
immobilization, of the source within a Type A package. The source in its cask and container is
placed in the center of a 200 1 drum filled with cement mortar. This conditioning procedure is
suitable for any type of source, assuming its size (including casket and container) allows it to be
conveniently accommodated in the center of a 200 1 drum. Conditioning in this way prevents
unauthorized removal of the source because of the weight, bulk and robust nature of the package.
It also provides a barrier against loss of containment of radioactive material. The adoption of this
method will depend upon a number of factors including:

• the number of spent sealed sources
• the half life and activity of the sources
• the toxicity of the radionuclides in the sources
• the final disposal scheme for the sources.

INP has used conditioning in Type A packages as an attractive option having a small number of
spent sources and wishing to provide additional security and containment. Examples and types of
spent solid sources which normally are conditioned in INP (see Form No. I sheet) in 200 1 drums
are industrial gauges and industrial radiography sources [2,5,6]. There are 10 - 20 of this kind of
sources, mainly 137 Cs and 60 Co sources. The Institute of Nuclear Physics has planed to receive,
during 1999, some tens spent radiation sources from industrial plants in Elbasan, Fier , and
Shkodra for conditioning.

Conditioning in a Type B package is shown in Figure 1. This package is used to condition
a spent radiation source of the Oncology Institute in Tirana (900 Ci cobalt teletherapy head). In
this case a special waste package (prefabricated cube and stainless steel) has been prepared to
condition this spent solid source. This comprises a pipe with a plug welded to the bottom. The
bottom is fitted with a source holder and the top has a tapered stainless steel screw plug which is
sealed to the pipe with a copper 0 - ring. This provides a tight metal to metal seal. If the surface
dose on the package exceeds 2 mSv/h it can be encapsulated in a cement matrix using a 200 1 steel
drum. Calculation of the surface dose rate of waste package is necessary for a number of reasons:
to prove that the waste package, after cementation, will have an adequate dose rate on its surface -
in some cases, additional lead sheet shielding may be required around the source shield; .to
provide for as many sources of one type as possible to be put into one drum. Besides physical
volume restrictions, the dose rate calculation may necessitate to put a limited number of sources

A registration form [Registration Form No.2] was opened in INP for each cemented waste
drum and all available data of conditioned waste drums. The number of the drum, kind of spent
solid source and some data of the conditioned sources are registered in the inventory register of
the SSSR programme on a Personal Computer.

The old storage building, constructed in 1970 on INP territory, was a simple hall on the
ground surface (concrete and brick construction). The old storage building is actually out of use
because, after the political changes, people moved into the unused area and built houses there
without permission. The old building is now surrounded by private houses, the nearest of which
at a distance of 10 m. For that reason, the Institute has transferred all the bags and drums into
another temporary storage facility at INP. This building has been built above ground water level
and can not be reached by a potential flood or ground water. It has 12 underground channels and
the outer dimensions of the building are 6 x 3 x 2 m. Two layers of drums can be stacked one on
the top of another (diameter 60 cm, height 88 cm) for standard 200 1 drums [5,6].
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Figure 1: Conditioned Spent Sealed Source in a Type B package.
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Nuclide
Cs-137
Cs-137
Cs-137

Drum Quality
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0.09 Ci
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No.
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Conditioned drums are loaded, by the Radiation Protection Division of INP, on the truck
with a fork lift. There is about 500 m distance between the treatment facility and the interim
storage building [7]. Drums have to be stacked in such a way that their numbers are clearly seen
from the outside of the stack. The new interim storage building is constructed this year in an
uninhabited part of the territory of the institute and radiation signs alert any person who may
approach the building. The dimensions of this building are 17 x 16 x 4 m. Three layers of
standard 200 1 drums can be stacked.

Based on the Law No. 8025 of 25.11.1995, it is the Albanian Government's
responsibility to finance the activities concerned with the treatment and management of
radioactive wastes generating from the users of ionizing radiation sources in the scientific
research, and in medical and industrial applications [8]. A fund of 70.000 USD was allocated by
the Albanian Government in order to "establish the Radioactive Wastes Facility for the
Management of Spent Sealed Sources and Hazard Materials ". Construction has already been
started of the new Radiation Waste Facility within the territory of INP, where all the radioactive
wastes and spent radiation sources generated by the nuclear units of Albania will be conditioned.
It is planned to store about 300 drums to give enough space for movements of truck and lift fork.
It is expected that the capacity of this new building will be fully sufficient up to the year 2050.

5. CONCLUSION

Funds have been allocated by the Albanian Government to construct a new Radioactive
Waste Facility and to support the programmes and activities on radioactive waste management in
Albania which are carried out within the frame of an IAEA Project on "Strengthening of
Radiation Protection and Radioactive Waste Management Infrastructure". As a next step, all
nuclear units operating in Albania, with their financial contributions, will maintain all the
activities related to the management of radioactive wastes, establishing a national institution
which will be responsible for all aspects concerning the management of dangerous materials.
Methods used by INP up to now, to condition low-level radioactive wastes and spent radiation
sources, are performed in compliance with the experience of other countries, IAEA
recommendations and world -wide literature. Some State Institutions such as the Ministry of
Health, the Radiation Protection Commission, and the Institute of Nuclear Physics, which are
responsible in the field of management of radioactive wastes, will continue on the investigation
and establishment of a new national policy in this field.
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Abstract
The paper presents an overview on the management of radioactive wastes in China. Addressed
are: radioactive waste classification, sources of radioactive waste, principles, legal framework,
institutional control and financing. Suggestions are made for further progress in this field.

1. INTRODUCTION

1.1. China's Nuclear Industry
The development of the nuclear industry in China was initiated in the mid 1950s while

relatively full-scale system formed in 1960s on a step-by-step expansion basis. Over the period
of decades a good record has been achieved in the safe management of radioactive waste.
Since the early 1990s China's generation of nuclear electricity began and is being developed in
the coastal provinces short of energy resources. Table 1 lists the nuclear power programmes in
China. The generation of nuclear power gave rise to a structural change in the component of
radioactive waste. Under this situation, an analysis on the long-term management of
radioactive waste is considered to be necessary.

1.2. Radioactive Waste Classification
Exempt Waste (EW) contains such a low concentration of radionuclides that it can be

excluded from nuclear regulatory control because radiological hazards are considered
negligible. Low and Intermediate Level Waste (LILW) contains enough radioactive material
that it requires actions to ensure the protection ofworkers and die public for short or extended
periods of time. This class includes a range of materials from just above exempt levels to those
with sufficiently high levels of radioactivity to require use of shielding containers and in some
cases periods for cooling off. LILW may be subdivided into categories according to the half-
lives of the radionuclides it contains, with ,,short lived" being less than 30 years and ,,long
lived" greater than 30 years. High Level Waste (HLW) contains sufficiently high levels of
radioactive materials that a high degree of isolation from the biosphere, normally in a geologic
repository, is required for long periods of time. Such wastes normally require both special
shielding and cooling off periods.

1.3. Source
The major source of radioactive waste is the nuclear fuel cycle, which had centered on military
programmes in the past but now includes the civil nuclear programme. A small amount of low
and intermediate level waste (LILW) is produced from the application of nuclear technology
and from the production of isotopes. The waste source is dominantly shared by China National
Nuclear Corp. (CNNC), Ministry of Metallurgy Industry and Health Ministry. For the sake of
the convenience of management, radioactive waste is divided into three types according to their
different sources. Installation Waste, also known as nuclear energy development wastes
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produced from the nuclear installations. It includes HLW from reprocessing, spent fuel, LILW
and remains from the operation or decommissioning of reactors. The waste source concentrates
in CNNC which owns nuclear power plants, research reactors, uranium mines and plants for
milling, enriching, element producing and reprocessing. Accompanying Mineral Waste,
comming from Ministry of Metallurgy and other mining and milling departments concerned.
The wastes are generated in the mining or milling of the non-uranium mines (accompanying
uranium and thorium). Application Waste, only a small quantity, arising from certain
organizations using nuclear materials in medicine, agriculture, research and industry.

2. THE MANAGEMENT SYSTEM OF RADIOACTIVE WASTE

Since the early 1980s, China has steadily developed the technology and policy concerning
radioactive waste management. The treatment technology of radioactive wastes, which
generally satisfies the demand of the national nuclear industryr, has been developed. The
LILW disposal is at the beginning stage but in good progress. The management system is
being improved.

2.1. The Principles
The basic principles of radioactive waste management are established as follows: establishing

national laws, regulations, and standards on radioactive waste management; minimization of
the generation of radioactive wastes; restricting release of radionuclides into the environment
and protecting the environment; keeping exposure to public and professional workers as low as
reasonably achievable; restricting burdens on future generations, limiting undue burdens on
future generations; setting up feasibility study report, safety analysis report and environmental
impact assessment report system; establishing licensing system; establishing quality assurance
and control system as well as emergency response system; establishing regulatory and
operational organizations.

2.2. Legal Framework
The legal system includes law, regulation and standard. The State Environmental Protection
Agency began to draft the law on Radioactive Pollution Prevention since 1987, which has not
been finalized until now. This is a basic law on radioactive waste management. This document
will be subject to approval by the Standing Commission of the National People's Congress.
The Policy and Principles on Disposal of Low-and Intermediate-level Radioactive Solid Waste
was approved and promulgated by die State Council in 1992.

2.3. Institutional Control
2.3.1. Responsibility:
State Environmental Protection Administration(SEPA): changed from former State
Environmental Protection Agency, which incorporated with the National Nuclear Safety
Administration (NNSA) last year. SEPA is in charge of not only the regulation and supervision
of radioactive waste management from the environmental protection point of view but also
nuclear safety surveillance of radioactive waste management, especially in the aspect of HLW
disposal. SEPA's task in the nuclear field is: establishing a state policy of radioactive waste
management; issuing the state regulations, rules and standards concerning radioactive waste;
taking supervision responsibility of radioactive waste treatment and disposal; taking part in the
emergency response of nuclear accident; reviewing and approving the environmental impact
assessment and safety analysis reports; issueing the license for nuclear installations; inspecting
the simultaneous construction of nuclear installations with auxiliary projects of radioactive
waste treatment and conditioning as well as issuing effluent discharge license; exercising
nuclear safety surveillance, and inspecting the activities of nuclear installations and the
environmental status.

China Atomic Energy Anthority(CAEA): is a new competent organization overseeing the
national nuclear industry sector and also take the charge of professional management of
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radioactive waste as follows: establishing a state planning of radioactive waste treatment,
disposal, and decommissioning of nuclear installations; issuing the professional regulations and
standards concerning radioactive waste management; organizing the research and development
of radioactive waste management; reviewing and approving the feasibility study and design of
radioactive waste management facilities; being responsible for emergency response to a nuclear
accident; establishing the financing system for radioactive waste disposal.

China National Nuclear Corp. (CNNC): has the responsibility for the radioactive waste
management of its own nuclear facilities and is also authorized by the State Council to be
responsible for the siting, construction and operation of radioactive waste disposal facilities. In
1994 CNNC decided to set a special company, Everclean Environmental Engineering Corp.
(EEEC), to be responsible for the site selection, design, construction, and operation of
repositories.

2.3.2. Implementation
Under die Environmental Protection Law, the units producing waste should take the

responsibility of the management of their own waste, meanwhile the environmental protection
departments are responsible for the centralized supervision. So the environmental protection
departments and the producers of radioactive waste need to co-operate to fulfill the safe
management during implementing the policy of radioactive waste management and performing
management activities. In order to achieve an effective management, a crisscross structure has
been created. Radioactive waste are managed from two directions to reach die objective of
protecting the environment and the public, i.e. preventing the radioactive nuclides from release
into the environment from (i) the vertical direction, safely controlling all the stages of
radioactive waste management: waste generation, treatment, conditioning, storage, transport
and final disposal; and (ii) from the horizontal direction, adopting such necessary procedures in
each stage of management mentioned above as (a) setting up of standards; (b)examining and
approving of the environmental impact assessment and safety analysis reports; (c) in-situ
investigation; and (d) environmental monitoring. Fig.3 shows the environmental management
of radioactive waste. Where all the subsystems of management (including waste generation,
collection and transport, treatment, conditioning and packaging, and final disposal) should
cover the procedures (1), (2), (3) and (4) shown in Fig. 2. SEPA and CAEA co-operate to take
the charge of the implementation of radioactive waste management. The approaches of the
management vary from the categories of radioactive waste.

LILW: In 1992, upon the approval by State Council, the SEPA issued "The Policy and
Principles on Disposal of Low- and Intermediate- Level Radioactive Wastes". CNNC is
authorized to take charge of the radioactive waste disposal business. The points of this policy
are stated as follows: the radioactive wastes for temporary storage shall be solidified as early as
possible. In principle, long-term storage facilities for liquid waste containers in nuclear power
plant will be exempted from approval; the duration for temporary storage of low- and
intermediate- level radioactive liquid and solid wastes arising from nuclear power plant is
currently limited to 5 years; regional repository for disposal of low- and intermediate- level
wastes shall be built. Repositories should be selected in the favourable location, taking into
account the factors including safety, economy, technology and society, and adjoined to the
existing or planned large-scale nuclear facilities; construction of LL/ILW repositories shall be
regarded as prerequisite for the development of nuclear power and as an important content for
the examination of safety analysis and environmental impact assessment of nuclear facilities by
SEPA; CNNC is responsible for site selection, construction and operation of the regional
repository, and SEPA for supervision of disposal activities of low- and intermediatelevel
radioactive wastes. Fig 4 shows the management structure of LILW, where CNNC acts the
duty of providing the radioactive waste disposal company (EEEC), which is in charge of all
tasks concerning disposal of LILW. Meanwhile SEPA gives its provincial divisions
instructions and takes the charge of final examination and approval for environmental impact
assessment report (no safety analysis report is needed) on disposal activities. The provincial
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divisions of SEPA are responsible for environmental supervision on all stages from operation to
post-closure of the disposal sites. CAEA is responsible for the reviewing and approval of the
feasibility study and the design of disposal sites and establishing the financing system for
radioactive waste disposal.

HLW: for HLW, the present policy is: centralized disposal of HLW in geological repository;
storing wastes temporarily and safely; solidifying liquid wastes as soon as possible; conducting
the research and development relating to geological disposal so as to make necessary technical
provisions for the final geological disposal; planning to build the underground research
laboratory. Fig. 5 shows the management structure of HLW, where CNNC is in charge of
implementation of disposal activities covering all steps from site selection to closure of the
repository. SEPA and its provincial divisions hold the responsibility of environmental and
safety supervision, examination and inspection, and reviewing and approval of environmental
impact assessment and safety analysis reports. CAEA is responsible for organizing the research
and development relating to HLW disposal, reviewing and approving the feasibility study and
design, and establishing the financing System for HLW repository.

Application Waste: the management policy of application waste was issued in 1987. Its main
points are as follows: all the organizations (industrial, agricultural, medicine, research, etc.)
producing radioactive wastes and radioisotope sources should abide by the regulations
considered; setting up special organs and providing professional techniques in the provincial
departments of environmental protection; the organizations producing radioactive wastes
should reduce the amount and volume of the radioactive wastes as much as possible. The
radioactive wastes and waste radioisotope sources must be collected to the signified place
(facilities) for a relatively centralized management in each province. All the organizations
(industrial, agricultuml, medicine, research, etc.) producing radioactive wastes and radioisotope
sources should abide by the regulations considered; setting up special organs and providing
professional techniques in the provincial departments of environmental protection; the
organizations producing radioactive wastes should reduce the amount and volume of the
radioactive wastes as much as possible. The radioactive wastes and waste radioisotope sources
must be collected to the signified place (facilities) for a relatively centralized management in
each province. Maintaining regular survey and monitoring activities for the storage facilities as
weil as the environment. According to the policy, at present there are 21 storage facilities for
application waste all over the country. Fig. 6 shows the management structure of application
waste. The application wastes are collected to be stored in the temporary facilities before being
delivered to the final disposal sites. SEPA and its provincial divisions are responsible for the
management of the storage facilities from site selection to operation.

Accompanying Mineral Wastes: the main points of die policy for managing the
accompanying mineral wastes are: the radioactive wastes arising from mining can be stored in
the tailing dumps; the small volume radioactive waste produced in the processing of rare-
element mineral can be connected to the storage place for a temporary storage. They are
planned to be transported to the nearby tailing dumps of installation or tailing dumps of
mineral-accompanying waste for an eventual storage. Fig.7 shows the managing structure of
accompanying mineral wastes, where the accompanying mineral wastes are disposed of in the
tailing ponds. The waste producers should be responsible for conducting all disposal activities
in the stages from site selection to the closure of the ponds. SEPA and its provincial divisions
are in charge of the environmental supervision.

2.4. Financing
Until now the financing system of radioactive waste management has not been created in

China. CAEA is considering to co-operate with relating ministries or authorities to establish
such a financing system mainly concerning LILW and HLW disposal. Certain related policy
has been issued: ,,polluter pays" principle is adopted in China; the costs for the treatment,
conditioning, packaging, storage, and transportation of radioactive waste are born by each
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waste producer; the costs for radioactive waste management of defense industry are born from
die State budget; the management costs of radioactive waste disposal are shared by waste
producers.

LILW Disposal: The initial funds for the site selection and construction of the repository
mainly come from main radioactive waste producers, i.e. nuclear power plants and CNNC. So
far there are two repositories in China, Guangdong Beilong Repository in construction and
Northwest Repository in operation. The capital investment of Guangdong Beilong Repository
for LILW has been arranged through the funds mainly from Guangdong Nuclear Power Joint
Venture Company and Lingao Nuclear Power Company. The capital investment of Northwest
Repository, which mainly disposes of LILW from defense industry, was born by CNNC, i.e.
state budget. The Operation costs of repositories will come from the charge-service provided
by owner of repositories, Everclean Environmental Engineering Corp.,CNNC. The costs of
operation and post-closure of Northwest Repository are born from the stated budget step by
step in terms of actual need. Guangdong Beilong Repository from radioactive waste producers.
(The income collected through the charge-Service will be used to repay die Guangdong Nuclear
Power Joint Venture Company and Lingao Nuclear Power Company, maintain the operation
and for expenses of post-closure supervision.).

HLWDisposal: the costs for the HLW from defense industry are born by CNNC, i.e. from the
state budget. At present, CNNC is carrying out the research and development relating to HLW
geological disposal, financing by CAEA through the state budget. CAEA is going to establish
the financing system for HLW disposal and collect the necessary funds from HLW producers,
such as nuclear power plants, for their HLW disposal.

3. Assessment
As China's nuclear industry started early in the mid 1950ties, a basic management system has

been set up and a good record of radioactive waste management has been achieved in the past
decades; the philosophy of "disposal being the center of radioactive waste management" has
been set in the field of radioactive waste management in China; the initial legislative system of
radioactive waste management including law, regulations and standards has been created;
some policies concerning radioactive waste management have been issued. The competent
authorities and the operational body have been authorized to be responsible for the regulation
and supervision of radioactive waste management and the operation of relative radioactive
waste management facilities. The existing system of radioactive waste management is
comprehensive, but is considered to be imperfect: the waste management is not accomplished
in the legislation. The Chinese Atomic Energy Law and the Law on Radioactive Pollution
Prevention have not yet been promulgated, and some necessary regulations for radioactive
waste management have not been established; there is no financing system for the long-term
management of radioactive waste management. The existing funding method, which is used
for financing construction of LILW repository from nuclear power plants, does not provide
expenditure guarantee over the long period waste management after power plants are
decommissioned and repositories are sealed. As the lack of financing system there is not
enough funds to carry out necessary research, development and projects in the field of
radioactive waste management.

4. SUGGESTIONS

China has paid great attention to radioactive waste management. Much progress and a good
record of safe management have been achieved. A comprehensive management system, which
can basically satisfied the requirements of radioactive waste management, has already existed.
The management system is not perfect yet and improvements remain to be made so as to meet
the future requirements. The radioactive management needs to be enforced in legislation. The
legal framework and basic policy principles are required to be established and upgraded
without delay, and the regulations and standards shall be expanded to cover all stages of
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radioactive management and meet the requirement. Source of management funds, especially
disposal costs, is not guaranteed. A financing system is expected to be created. An
independent fund (e.g. Nudear Waste Management Fund) for funding long-term management is
recommended to be founded. The research and development for radioactive waste
management, especially for HLW disposal, has to be carried out as soon as possible. Some
projects, such as waste package inspection and tracking system should be promoted. The
infrastructure for radioactive waste management shall be enhanced, and the national radioactive
waste management database established, which is considered as the basis for radioactive waste
management.
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Table 1 Nuclear power in China

NPP

Qinshan-1

Guandong-1

Qinshan-2

Guandong-2

Qinshan-3

Lianyungang

Location

Haiyan, Zhejiang

Daya Bay

Haiyan, Zhejiang

Daya Bay

Haiyan, Zhejiang

Lianyungang, Jiangsu

Capacity/Mw

300

2X900

2X600

2X1000

2X700

2X1000

Operation year

1991

1993,1994

2001,2002

2002

2003

2004

Table 2 The classifications of radioactive wastes in China

Solid
4X10'°Bq/kg

Liquid

4X1010Bq/L

Category

Low-level

Intermediate-level

Heat release

rate<2KW/m3

High-level

Heat release

rate>2KW/m3

Low-level

Intermediate-level

High-level

Half-life

<5a

5~30a

>30a

5~30a

>30a

Activity

<10'4

1 0" 4~ 1

<10"4

1CT*

>1
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Table 3 Standards on Radioactive Waste Management

Types
General Criteria
Waste Sources and Release Control
Collection and Treatment
Volume Reduction
Solidification
Package
Storage
Transport
Disposal
Milling of Uranium and Thorium

In use
4
3
4
1
4
1
4
3
3
5

Under preparation

2

2

1
6

In planning

2
2

2

1

Authorities

1
China Atomic Energy

Agency (CAEA)

Regulation

1
State Environmental Protection

Administration (SEPA)

Implementation

i
China National Nuclear
Corporation (CNNC)

Fig.2 Structure of radioactive waste management system

(1) Drawing up regulations and

standards

Personal limited

Controlled dose

Classifying

Recharging

(2) Examination and approval of the

environmental impact assessment

report and safety analysis report

Site selection

Design

Construction

Operation

Closure

(3) Supervision and inspection

Environmental
protection facilities

Monitoring means

Waste inventory

Contingent plan

(4) Surveillance and monitoring »

Landforms

Earth surface

Ground water

Radon releasing rate

Fig.3 Environmental management of radwaste

375



CNNC SEPA

China National
Nuclear Corporation

(CNNC)

Evenclean Environmental
Engineering Corporation

(EEEC)

China Atomic

Energy Agency

(CAEA)

State Environmental
Protection Administration

(SEPA)

Site selection

Design

Construction

Operation

Closure

Long-term maintenance

Fig.4 The management for LL/ILW

Provincial Site selection

Design

Construction

Operation

Closure

Long-term maintenance

Provincial EPA
and safety

inspection stations

Fig.5 The management of high-level radwaste
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Design
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Operation

•SEPA

Provincial
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Design
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Operation

Maintenance

Waste producers

Fig6 Management for application waste Fig.7 Environmental management of radwaste
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Abstract

Probabilistic strong motion maps of Egypt are derived by applying Gumbel models and likelihood method to 8
earthquake source zones in Egypt and adjacent regions. Peak horizontal acceleration is mapped. Seismic data
are collected from Helwan Catalog (1900-1997), regional catalog of earthquakes from the International
Seismological Center (ISC, 1910-1993) and earthquake data reports of U.S Department of International
Geological Survey (USCGS,1900-1994). Iso-seismic maps are also available for some events, which occurred
in Egypt. Some earthquake source zones are well defined on the basis of both tectonics and average
seismicity rates, but a lack of understanding of the near field effects of the large earthquakes prohibits
accurate estimates of ground motion in their vicinity. Some source zones have no large-scale crustal features
or zones of weakness that can explain the seismicity and must, therefore, be defined simply as concentrations
of seismic activity with no geological or geophysical controls on the boundaries. Other source zones lack
information on low-magnitude seismicity that would be representative of longer periods of time.
Comparisons of the new probabilistic ground motion estimates in Egypt with equivalent estimates made in
1990 have been done. The new ground motion estimates are used to produce a new peak ground acceleration
map to replace the 1990 peak acceleration zoning maps in the Building code of Egypt.

1. INTRODUCTION

Egypt and its vicinity, which spans several counters, have diverse geologic sitting and tectonic
structure. Source of earthquakes that affect most parts of Egypt are located in Red Sea - Gulf of Suez region
source, Mediterranean sea region source, Nile Delta region source, EI-Fayum region source, Aswan region. In
general, the need for seismic hazard and seismic risk assessment for regions of high moderate seismic
activities become vital. The design and construction of structures in such regions require the knowledge of the
peak ground acceleration. For this reason, we evaluate and development the seismic hazard in Egypt 1990.
Seismic hazard is calculated by probabilistic models (Gumbel's model and likelihood'. Data related to
earthquakes, which occurred around Egypt in period 1900-1997, have been collected and evaluated. Seismic
data were collected from Helwan station catalogue (1900-1997), Ismail (1960), Gergawi and El-Khashab
(1968) as shown in Fig. (1).

2. DISCUSSIONS AND CONCLUSION

It is essential to emphasize that the probabilistic strong seismic ground motion estimates of Egypt are very
crude measures of expected ground shaking in future earthquakes. The attenuation relations use simple
parameters to predicate complex ground motion as a function of magnitude and distance. The earthquake
source zones have been generalized in order to produce estimates of ground motion that have roughly equal
validity over a large region. Nevertheless, we believed the ground motion maps provide good relative
estimates of the severity of expected ground motion in the frequency ranges of engineering interest throughout
the country, and, as such, are a valid basis for seismic zoning maps, which set relative levels of seismic design
forces for building code. However, because of their simplicity and inherent uncertainties, these estimates must
be used with considerable caution, or rejected completely, in a number of seismic design applications. The
result of this work were used to drive the earthquake hazard map of Egypt, Peak ground acceleration for year
return period. The risk estimated for Cairo was also modified as result of this analysis. Estimation of
parameters of the models for each set of data b,X, Mmax has been calculated for the Egyptian the six zones,
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three methods are used; Gumbels methods and likelihood method as shown in Fig (2). The return periods and
M ^ which is chosen to be the magnitude on .99 level of probability to occur during the next 25,50 75 years
time intervals are calculated for every region and the peak ground acceleration for maximum magnitude has
been evaluated for four region. The first Gumbel and first likelihood models of extreme is less useful than the
other models. The fourth models gave very good fitting for the observed data. We can conclude that, the
application of the seismic hazard methods reveals that Nile Delta and western Desert zones are quite seismio-
tectonic site although the effect by El-Fayum, the Mediterranean and Gulf of Aqaba seismo-tectonic source
area. Red Sea - Gulf of Suez region, Mediterranean sea, El-Fayum region source and Aswan region are region
of high risk because a structure of these area has a high probability of being near the source of a large
earthquake during its lifetime as shows in Fig (3). The seismic hazard for peak ground acceleration for 50
years has been calculated as shown in Fig (4)
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Abstract

A preliminary and generic safety assessment of a candidate shallow land burial (SLB) repository at
Serpong site, Indonesia, has been performed. The step-by-step safety assessment methodology
included an analysis of features, events, and processes (FEPs), and mathematical modelling of
radionuclide migration in the near field, geosphere and biosphere. On the basis of an extensive FEP
catalogue the most relevant scenarios to be considered in the consequence analysis were selected.
Both the normal evolution scenario (NES) and the alternative scenarios were identified. On the basis
of these scenarios a conceptual model that included all the important physical-chemical processes was
built for the near field and geosphere. A two-dimensional numerical model was then used to solve the
governing flow and transport equations for appropriate initial and boundary conditions. The
calculations were performed using a repository-specific value for the total disposed activity in
combination with hypothetical values for radionuclide composition based on a typical radionuclide
content of low level waste in Belgium. Site-specific data on hydrogeological properties were used for
the geosphere calculations. Typical results of the consequence analysis in terms of radionuclide fluxes
to the geosphere and radionuclide concentrations in the groundwater are discussed.

1. INTRODUCTION

The objective of this paper is to illustrate a comprehensive site-specific safety assessment
methodology for a hypothetical low level radioactive waste repository, based on a real geological
setting, i.e. the Serpong Nuclear Center, West Java, Indonesia.

2. ANALYSIS AND SELECTION OF FEATURES, EVENTS, AND PROCESSES

The first step in the identification of scenarios for a hypothetical site is to provide a catalogue
of events, features, and processes that are likely to occur in a radioactive waste disposal. By means of
this FEP catalogue, all scenarios that might lead to exposure of man to radionuclides present in the
waste are identified. The scenario identification procedure applied here is based on the one used by
SCK-CEN for its scenario identification considering a candidate repository located in Boom Clay at
Mol [1]. When this procedure was applied to an existing FEP catalogue [2], about 50 FEPs were
found to be relevant for Serpong site. Among those 50 FEPs, 27 were considered for the normal
evolution scenario, the majority being related o near and far field processes including geochemical
and hydrological phenomena.

381



3. FORMULATION OF THE CONCEPTUAL MODEL

The basic conceptual model for Serpong site is shown in Figures 1 and 2. The site is located
approximately 30 km south of Jakarta. The ground surface is almost 90 m above mean sea level. At
the distance of 200 m to the south-south east (SSE) a small river exists (Cisalak creek). In the valley at
a distance of 800 m to the south-south west (SSW), the Cisadane River is considered to drain the
catchment to which the Serpong site belongs. The plateau at the left of the groundwater divide is a
recharge zone, whereas the river valley is a discharge zone. The bottom of the lowest layer is
considered impermeable. The topography causes the water table to vary considerably between west
and east boundary. Depending upon the drainage basin topography and the basin shape geometry,
groundwater flow systems may have local, intermediate and regional components.

The geological stratification of Serpong site was investigated on a number of boreholes, notably
the boreholes BOO, B02, B06 and B08 as shown in Figure 2. The multi-layered geological model was
simplified to a three layer conceptual model. This simplification was done on the basis of hydraulic
conductivity measurements within each of the three layers. The unsaturated top layer (layer I in
Figure 2) is composed of lateritic clay with an average hydraulic conductivity around 10'7 m/s. Its
thickness is approximately 9 m. Layer II is composed of sandy sediments, including sandy tuff and
tuffaccous sand. The maximum thickness of this layer is 11 m, with a mean hydraulic conductivity of
10'6 m/s. The third layer (layer III in Figure 2) is composed of clay and marl clay sediments. On the
basis of a single borehole the thickness was estimated to be 30 m. Its hydraulic conductivity ranges
from 10"6 to 10-7 m/s.

4. SAFETY CALCULATIONS

The safety calculations were carried out using the finite volumes computer code PORFLOW
[3]. In this preliminary safety assessment we investigated the behaviour of nine radionuclides that are
expected to be present in the low level waste. The characteristics of these radionuclides in terms of
decay and sorption are sufficiently different such that the analysis is fairly representative for a safety
assessment study where a full inventory would need to be addressed. Considering a realistic
downward water flux of 10"10 m/s throughout the concrete vault and the conditioned waste zone,
transport of radionuclides by advection and dispersion to the bottom of the repository was calculated.
The highest fluxes were observed for II-3, Ni-59 and Cs-135, all about 104 Bq/m2/a. Intermediate
fluxes were obtained for Co-60, Nb-94,1-129, and Cs-137. Lowest fluxes were observed for C-14 and
Ni-63 (around 10"4 and 10"5 Bq/m2/a). We also investigated the effect on the radionuclide fluxes by
having an unsaturated soil of 1 m depth below the bottom of the repository. Such soil layer provides
an additional retardation of the radionuclide migration towards the groundwater owing to the sorption
capacity of the lateritic clay soil. At the depth of 1 m below the bottom of the repository, highest
fluxes were due to Ni-59 and Cs-135 (approximately 103 Bq/m2/a). The fluxes owing to H-3 had
decreased to 10'9 Bq/m2/a, which is the result of radioactive decay. Radionuclides that were not
sorbed onto the lateric clay soil (i.e., C-14 and 1-129) did not decrease in flux when an additional one
meter of soil was considered. The fluxes of all other radionuclides had significantly decreased
compared to the ones calculated at the bottom of the repository. This indicates that the unsaturated
soil may play an important role in retarding and dispersing particular radionuclides when migrating
towards the groundwater.

The groundwater modelling for Serpong site showed that if layer II has a five times higher
hydraulic conductivity compared to layer III, only local flow systems exist. In other words, the
groundwater flow direction is from the water divide at the right boundary to the Cisalak creek. The
local groundwater system typically exhibits short travel distances and a limited dilution. Transport
simulations with a two-dimensional advection-dispersion model showed that it takes approximately 10
years to travel a distance of 200 m (i.e., from the proposed repository site to the Cisalak creek). For
non-retarded radionuclides this distance is sufficient to reduce the initial radionuclide concentration in
the groundwater by a factor of 10.
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5. CONCLUSIONS

Conceptual model building and subsequent numerical modelling benefit from a comprehensive
analysis of FEPs. In this respect the role of a detailed FEP catalogue is indispensable. Results for the
near field calculations showed that radionuclides that are non-retarded or mildly retarded by the
concrete barriers exhibit considerable fluxes at the bottom of the repository. However, if a sufficiently
thick unsaturated zone with important sorption capacities is present beneath the repository, fluxes for
short- and intermediate-living radionuclides will drop significantly. Because groundwater flow can
contribute significantly to radionuclide dispersion and dilution, sufficient attention should be paid
towards a proper site characterization in terms of hydrogeology and hydrochemistry. Such
information, together with mathematical modelling, is of paramount importance in the selection of
sites.
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Figure I. Hypothetical location of a potential LLW near-surface repository at Serpong site. (Inset shows
dimensions of engineered barriers surrounding the waste drums)
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Figure 2. Geological stratification and boundary conditions of the three-layer conceptual model. Arrows
indicate simulated directions of groundwater flow.
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Abstract

In the Republic of Niger, Uranium is extracted from two types of mines by two companies:
Open pit mine by SOMAIR, and Underground mine by COMINAK. The resulting radioactive
wastes are described. The radiation and environmental protection framework is outlined.

1. BACKGROUND

In the Republic of Niger, important reserves of uranium have been exploited by
extraction industries established since 1968. The reserves are located in a low populated desert
region in the north of the country. Uranium is extracted from two types of mines by two
companies: Open pit mine by SOMAIR, and Underground mine by COMINAK. The average
production by year is 3000 tons of ore with a uranium content of 2.5% to 5 %. In the open pit
mining system (SOMAIR), storage of overburden and the low and rich grade ores are stored in
piles in the open air. Locally processed ore is transformed in uranate. Solid and liquid wastes are
stored separately in the form of radioactive wastes. The solid wastes (barren overburden or waste
rock, low grade ore and other residual solids from the factory) are stored in the open air in the
form of piles some ten meters high. Liquid waste and resulting water are stored in basins for
evaporation. The water evaporates and the salts are crystallized and decanted. The salts
accumulate as a waste on the bottom of basins. In COMINAK for example the crystallized
wastes on the bottom of the basins represent a quantity of 54 000 to 80 000 tonnes of salts per
year. The salts are essentially: the sulfates and chlorides of Fe, Al, Na, Mg Ca etc ranging from
40 to 60 g/1 and from 2 to 10g/l respectively. For solid wastes, quantities see Annex. In
addition to all of these wastes, consideration must be given to the environmental radiation due to
the rich ore stored on the sides of the factory before treatment (processingO and the radon and its
radioactive decay products. Besides wastes resulting from ore processing, there are some sealed
radioactive sources used for checking radiation protection monitoring instruments.

2. INSTITUTIONAL FRAMEWORK FOR MANAGEMENT OF WASTE IN
EXTRACTIVE INDUSTRIES:

A radiation protection service is available in each extractive industry. This service is
responsible for controlling occupational radiation exposure, the environment and the
management of waste. Given the ongoing processing of ore, no action can be undertaken to
reduce the impact of radioactive waste on the environment. Nevertheless control is exercised
over the transfer of waste to the environment.
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An environment group was recently created in 1998. It has the responsibility to control
waste management activities and provide for environmental protection. A pilot project to
recover solid waste from the factories has now been commenced in co-operation with the
company COGEMA of France. The project will investigate what materials can be used to reduce
radon emanation levels from the solid waste to acceptable levels compared to natural background
levels. These levels were not measured prior to operations commencing and thus waste rock of
low specific activity will be used. The process to be adopted will be iterative as follows:

Trial perimeter is defined.
Points of radon measurement are identified by co-ordinate.
A first measurement was carried out on all points.
Cover material is put in place to a known height.
Repeat the first measurements at the same points.
Comparisons are made with the first measurement to determine the degree of attenuation.
The process is repeated until acceptable levels are achieved.

Sealed radioactive sources are stored in small lead tanks without return to the constructor in view
of most of them now having decayed.

3. NATIONAL INSTITUTIONAL FRAMEWORK MANAGEMENT OF RADIOACTIVE
WASTE

There is effectively no institutional framework for management of radioactive waste.
However, since 1979, with the help of the IAEA, the Government of the Niger Republic has
issued a decree on the regulation of safety and health in uranium mines (Arrete no 31/MMH du
5/12/79). It defines among other things, the general conditions for the management of
radioactive waste. Up to now there been no rigorous determination of impact of the actual or
future radiation effects on the environment nor the impact on future generations.

Whilst there is no existing institutional framework as required by the IAEA Radioactive
Waste Safety Fundamentals, a National Center for Radiation Protection (CNRP) has been created
in Niger with the help of the IAEA. With the acquired experiences in the field of uranium
mining, the establishment of state agents assisted by the IAEA and the actual international policy
of management of radioactive waste; the Republic of Niger, as a member of IAEA, is ready to
create a national system for management of radioactive waste in conformity with the IAEA
RADWASS standards programme. These include the Safety Practices, Safety Guides, Safety
Standards and the actual highest level of these series "Safety Fundamentals document" (Safety
series no 111-F/RADWASS/IAEA).
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ANNEX

COMINAK

(Quantities of stored Solid Waste)

Barren
Residues of

lixiviation
Mill Solids

Waste
Total

Accumulation
up to
1/1/81

0,15
0

1,2

1,35

Estimation (million of tonnes)

1/1/85

0,19
0,50

3,80

4.49

1/1/90

0,24
1,00

7,00

8.24

1/1/95

0,29
1,50

10,30

12.09

SOMAIR
(Radiation of Stocked Solid Waste)

Low grade
ore

Lixiviation
waste

Mill Solids
Waste
Total

Radiation estimation (currie)
To 1/1/81

413 +620

2340 + 540

3083

5840 + 9160

To 1/1/85
1200 + 1 800

3500 + 6650

5250

9950 + 13700

To 1/1/90
1966 + 2800

6000 + 11400

8,333

16300 + 22530

To 1/1/95
2533 + 3800

8000+ 15200

10833

21370 + 29830
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Abstract

Efforts being undertaken in the Russian Federation to upgrade, in a systematic manner, national
regulations relating to the safe management of radioactive waste are outlined. The hierarchy and
structure of the normative framework of documents are described. Progress made and results
achieved are presented.

1. INTRODUCTION

Any activity aimed to ensure the safe use of nuclear energy in the Russian
Federation, including radioactive waste management, is carried out on the basis of licensing
as part of the country's regulatory system to ensure safety. The hierarchy of the regulatory
legal documents in the Russian Federation, as a whole, is similar to the regulatory structures
adopted in other developed countries. The hierarchy is as follows:

The Constitution of the Russian Federation;
The Laws of the Russian Federation;
The Regulatory Legal Acts of the President of the Russian Federation and the
Government of the Russian Federation;

The federal norms and regulations in the field of the use of nuclear energy;
The safety guides;
The guiding documents of safety regulatory bodies;
The regulatory documents of the State bodies governing the use of nuclear energy
and other federal executive bodies (standards, building norms and rules, etc.).

The basic documents, according to which the State regulation of nuclear and
radiation safety in the field of radioactive waste management is implemented, are the Federal
Law "On the Use of Nuclear Energy", adopted in 1995, and the Statement "On Licensing
Activities in the Field of the Use of Nuclear Energy", adopted in July 1997. Up to now it is
possible to ascertain that there is an up-to-date system for licensing of activities in the field of
the use of nuclear energy in the Russian Federation. The absence of a Law "On
Compensation of Nuclear Damage and Nuclear Insurance", and a Law "On Radioactive
Waste Management" is a complicating factor in embodying State regulation, including
licensing of radioactive waste management activities. Along with establishing and enforcing
a licensing system in the field of the use of nuclear energy, activities on development of a
legal basis of the State safety regulation system are carried out, including development of the
regulatory basis. The radioactive waste management safety regulation is based on the federal
norms and regulations in the field of the use of nuclear energy, in accordance with the
Statement "On development and Approval of Federal Norms and Regulations in the Field of
the Use of Nuclear Energy", approved by the Government of the Russian Federation on 1
December 1997. The federal norms and regulations in the field of the use of nuclear energy
are approved by federal executive bodies in charge of State safety regulation of the use of
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nuclear energy and set the requirements for safe use of nuclear energy, including the
requirements for nuclear-, radiation-, technical-safety, fire and physical protection, as well as
for the accounting and control of nuclear materials, radioactive substances and radioactive
waste. The federal norms and regulations are obligatory for all entities performing activities
in the field of the use of nuclear energy. Up to now, and to some extent also now, the
regulation of radioactive waste management was implemented on the basis of several tens of
regulatory documents, which had been developed before enacting the Federal Law "On the
use of Nuclear Energy", and which do not include modern ideas on safety of radioactive
waste management. The majority of these regulatory documents has become outdated and
most of those documents need revision and redrafting.

2. THE NEW CONCEPT

Gosatomnadzor of Russia has developed, and is now enforcing, the "Concept on
Formation of the Structure of the Safety Regulatory Documents System of Radioactive Waste
Management". In working out the concept, practically all up-to-date basic materials related
to radioactive waste management, such as domestic and foreign legal acts and standard
technical documentation, IAEA and ICRP recommendations, were analyzed. Particular
attention was given to the system of the normative documents on radioactive waste
management RADWASS (Radioactive Waste Safety Standards) of the IAEA. After careful
investigations of the system, RADWASS was chosen as a prototype for the Russian
normative regulation system of radioactive waste management, taking into account specific
features of radioactive waste management and legislation of the Russian Federation. The
structure developed as a result of this work covers all aspects of radioactive waste
management safety and consists of 22 normative documents, including 10 documents of
federal norms and regulations and 12 safety guides. The 'Concept' sets a three level hierarchy
of normative documents:

Level 1: "Safety Fundamentals", which describe basic safety strategy of radwaste management,
safety objectives, fundamental principles and requirements. The documents are
categorized as federal norms and regulations.

Level 2: "Safety Requirements", which describe the requirements which should be followed up to
ensure safety of a specific activity. The documents are categorized as federal norms and
regulations.

Level 3: "Safety Guides", which describe recommendations on ways to fulfill safety requirements.
The normative documents of authorities governing the use of nuclear energy, and of other
federal executive bodies, can be applied as safety guides and include such documents as
general industrial standards, state standards, sanitary norms and rules.

The resulting structure of the safety regulatory system of radioactive waste
management is presented in Figure 1. According to the 'Concept', the following safety
regulatory documents were developed and enforced:

1. Safety Rules for the Decommissioning of Industrial Reactors (NP-007-98).

2. Requirements for the Quality Assurance Programme of Radioactive Waste
Management (RB-003-98).

In addition, 9 safety regulatory documents are currently in preparation. Several
more documents, including documents related to the problem of utilization of weapons
plutonium, are planned to be initiated and developed during the period 2000- 2003.
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Structure of Safely Regulatory System of Radioactive Waste Management
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Abstract:
Activities underway at various levels in Hungary in the field of the safe management and disposal of
radioactive waste and spent fuel are outlined. Various specific aspects, including financing of radioactive
waste management, handling of spent fuel, high level radioactive waste disposal, site selection for a
disposal facility for low and intermediate level waste, and public information activities are described.

1. INTRODUCTION

The Hungarian Atomic Energy Act specifies as one of the basic principles that in the
application of atomic energy, radioactive waste and spent fuel shall be stored and disposed of in
accordance with the most recent, certified results of science, international expectations and
experience, in such a way that human health is not threatened and that no unacceptable burden is
passed on to future generations. This principle is also reflected in the international convention on the
safe management of radioactive wastes and spent fuel which has already been ratified by the
Hungarian Parliament. The report on Hungary's preparations for accession to the European Union
also mentions the solution of the radioactive waste disposal as one of the primary tasks. Activities are
underway at various levels in Hungary in the field of the safe management and disposal of radioactive
waste and spent fuel. The site selection for a L/ILW repository which has been completed within the
legal, organisational and financial framework established by the new law will soon reach a level of
preparation which, pursuant to the provisions of the Atomic Energy Act, will require decision by the
Government and the Parliament for its continuation.

1.1. Central Nuclear Financial Fund

In the past activities related to the disposal of radioactive waste were conducted within the
framework of the State budget for waste not originating from the power generation industry, while the
Paks Nuclear Power Plant was responsible for financing the disposal of its waste. As of 1 January
1998 the Atomic Energy Act established the Central Nuclear Financial Fund based on the payments of
parties using nuclear energy. The goal of this Fund is to attend to the disposal of radioactive waste,
interim storage and final disposal of spent fuel, and to finance the decommissioning (dismantling) of
nuclear facilities. Establishment of the Fund ensures compliance with the principle that the disposal
of radioactive waste must be carried out by the generation that enjoys the benefits of the activities
producing such waste. The operators of nuclear facilities must thus accumulate during their effective
life-cycle the necessary funds to cover the costs of decommissioning the facility and disposing of the
waste from such, as well as the costs arising over decades following such decommissioning, in such a
manner that the value of these funds is held stable and that they may only be applied for the
aforementioned purposes. Waste producers; other than nuclear facilities are paying on a case by case
basis for the disposal of their waste but the total payment from this source is negligible with respect to
the annual budget. The amount of payments by nuclear facilities, primarily the Paks Nuclear Power
Plant, to the Fund is set forth in the annual Act on the State Budget, based on the cost projection
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consulted on by the Hungarian Atomic Energy Agency (HAEA) and the Hungarian Energy Office.
Hence, the payment of the Paks NPP in 1998 amounted to some 7.5 billion HUF, of which half was
used to finance work in progress while the other half was used to form the reserves required for future
work. Planned revenues for 1999 amount to 9.4 billion HUF, of which 3,8 billion HUF will be used to
finance activities in 1999 and 5,6 billion will be applied to reserves. In the interest of maintaining the
value of the Fund's resources, the Government ensures contribution of an amount calculated using the
average prime interest rate for the previous year as applied for the average resources of the Fund
during the previous year. This amount is paid from the State budget. The member of the Government
exercising legal supervision over the Hungarian Atomic Energy Authority is responsible for the Fund
and attends to the management duties related to the operation of the Fund via the HAEA, as the Fund
manager. The Special Committee of the Hungarian Atomic Energy Commission, which was created
for this purpose, formulates an opinion on recommendations related to the activities of the Fund.

1.2. Public Agency for Radioactive Waste Management

Pursuant to the Act on Atomic Energy, a body designated by the Government shall be
responsible for attending to the duties related to the management of radioactive waste and the
decommissioning of nuclear facilities. Based on the authorisation of the Government, the HAEA has
established the Public Agency for Radioactive Waste Management (PURAM) for this purpose. In
accordance with the relevant government decrees and resolutions, the PURAM attends to the
planning, construction and management duties associated with the storage and disposal of radioactive
waste and spent fuel elements. It is also responsible for activities related to the decommissioning of
nuclear facilities, as well as for the operation of the Puspokszilagy Radioactive Waste Treatment and
Disposal Facility and the Interim Storage Facility for Spent Fuel located at the Paks Nuclear Power
Plant. Its duties include preparation of the annual, intermediate and long-range plans for the Central
Nuclear Financial Fund. Quantities of radioactive waste and spent fuel are given in Table 1.

2. SPENT FUEL AND HIGH-LEVEL RADIOACTIVE WASTE

2.1. Handling of spent fuel

The Hungarian-Soviet Inter-Governmental Agreement on Co-operation in the Construction
and Operation of the Paks Nuclear Power Plant, signed on 28 December 1966, and the Protocol of 1
April 1994, are still in force. According to such, the Russian party undertakes to accept delivery of the
spent fuel elements (without Hungary having to take back the radioactive waste and other products
from the reprocessing of such fuel) and the Hungarian party undertakes to purchase the necessary new
fuel assemblies from Russia. Nevertheless, now the responsible Russian authorities, citing the new
environmental legislation which has come into force in Russia in the meantime, wish to have
Hungary, in accordance with international practice, take back the radioactive waste and other by-
products created during reprocessing, in deviation from the terms of the original agreement. Presently
however, Hungary is not adequately prepared to undertake this. Hungary will only have the capacity
to dispose of high-level, long-lived radioactive waste after several decades and the conditions for the
handling and storage of plutonium are not fulfilled at all. It was for these reasons that the HAEC
classified construction, licensing and operation of an Interim Storage Facility for Spent Fuel as a top
priority at its meeting in 1993. This facility is designed for the interim storage of spent fuel for a
period of 50 years. The Interim Spent Fuel Storage Facility is a modular system dry-storage facility
designed by the English company GEC Alsthom, which can be expanded as necessary. The first three
modules (each for 450 assemblies) are in operation and are almost filled to capacity. The next four
modules should be finished by the end of 1999 and the construction of four additional modules will
have to be commenced in 2000.
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2.2. Strategy for the back-end of the fuel cycle

In respect of the back-end of the fuel cycle there are two main solutions: reprocessing of the
spent fuel elements and disposal of the resulting high-level radioactive waste and use of the resulting
plutonium or direct disposal of the spent fuel following due conditioning. Smaller countries, such as
Hungary itself, have chosen to delay making a final decision, and this position was agreed on by the
HAEC in 1993 and confirmed in 1998. The facility for the interim storage of spent fuel allows for the
storage of spent fuel assemblies for a period of 50 years in Hungary. Hence, it is not necessary to
reach an immediate decision in respect of the final disposal of the spent fuel and the decision may be
delayed. This offers the possibility of monitoring the experiences of other countries, in particular the
results of international research on the transformation of high-level waste. However, it is expedient to
draw up a policy and a strategy as well as a working program and to support the R&D activities
within Hungary so that the country is able to evaluate and apply international results in accordance
with its own perspective and to reach a decision regarding a solution to the closure of the nuclear
power plant fuel cycle.

2.3. High-level radioactive waste disposal

International opinion is unanimous in that spent fuel or high-level radioactive waste resulting
from the reprocessing of such may only be disposed of in deep, stable geological formations. From a
geological point of view, the demands on a disposal facility of this nature do not depend on the
solution chosen for the back-end of the nuclear fuel cycle. It is worthwhile to start research even
before a decision is reached as such research requires decades to complete. Consequently several
countries are operating underground research laboratories to investigate the properties of various
geological formations and the selection of the site for a waste disposal facility will be made at a later
phase. Hungary is also preparing for the final disposal of high-level, long-lived radioactive waste in a
deep geological disposal facility. In the course of surveying for uranium ore, a clay formation (Boda
aleurolit) was found in the western portion of the Mecsek mountains which may be suitable for
hosting a radioactive waste disposal facility. Investigations independent of the uranium ore survey
commenced in 1989. Based on first results and starting from the favourably located shafts of the
uranium mine subsurface, the survey of the Boda aleurolit formation began in 1994 at a depth of
1000m. In a resolution on uranium mining activities the government stipulated that, by the end of the
mining activities, the formation should be investigated to such an extent that it is possible to
determine the feasibility of a disposal site. According to the studies this formation is potentially
suitable for hosting a disposal site for high-level radioactive waste, as it has extremely good hydro-
insulation and isotope-binding properties. A three-year research programme (1996-1998) was
organised with the goal of finding a safe and socially-acceptable method of disposing of high-level
radioactive waste and spent fuel elements. Based on the results of this programme at the end of 1998
a recommendation was formulated for an underground research base using a part of the infrastructure
of the uranium mine. The uranium mine was meanwhile closed and only surface research work is now
carried out in the region. In parallel, investigations will start to determine if there are possible
alternatives to hosting in the Boda aleurolit. Decision on the establishment of an underground
laboratory will be taken later, pending on the long-term strategy of the management of HLW.

3. LOW- AND INTERMEDIATE-LEVEL RADIOACTIVE WASTE

3.1. Present situation at Paks NPP

Solid wastes at Paks NPP mainly consist of contaminated protective clothing, paper, plastic
filters and other lightly contaminated trash arise from operation and maintenance activities. To minimi;
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the waste volume in-drum compaction with 500 kN pressing force is used. The majority of liquid
radioactive waste consists of evaporator concentrates and spent ion-exchange resins originating from the
water purification systems. The volume of evaporator bottom stored at present on site is approximately
3200 m3 that takes up about 70% of the storage capacity. Therefor a technology for liquid waste volume
reduction is under development. The goal is that radionuclides are concentrated to small volume of waste
with high decontamination factor, while inactive part of waste - mainly boron - will be released as part of
the existing practice of the plant, or will be recycled. The technology consists of three subsystems, boron
recovery system, ultrafiltration, and cesium removal system. For the boron crystallisation pH is adjusted
under controlled conditions. A highly efficient pressure filtrationunit carries out separation of boron
crystals. Ultrafiltration system is used for removal of particulate^aterial from liquids. Decontamination
factor for nuclides of Mn, Co, Nb, Zr and Ag is well more than 100. Cs removal system is based on an
inorganic ion-exchange process. Decontamination factor for caesium is better than 1000 on the average.
The technology was developed on contractual basis with FVO International Ltd, Finland), The system is
under construction now.

3.2. Site selection for a disposal facility for low- and intermediate-level radioactive waste

An inter-ministerial programme has been dealing with the subject of radioactive waste disposal since
1993. This programme for resolving the management and disposal of radioactive waste from nuclear
power plant activities was established based on a co-operation agreement of the interested Ministries,
the Hungarian Power Company and the Paks NPP, at the initiative of the HAEA. The focus of this
inter-ministerial programme was the selection of a site for the disposal of the Paks NPP's low- and
intermediate-level radioactive waste. The entire territory of Hungary was screened between 1993 and
1996 based on archive data available in order to identify geological formations which are suitable for
the disposal of low- and intermediate-level radioactive waste. Investigations showed that the
Mezofold area and the hilly region south of it were worth studying in more detail. Additionally, this
area is located not far from the Paks power plant and is on the same side of the Danube River.
Preliminary site inspections were only carried out in areas where they were supported by the local
governments and population. The report on the geological, engineering safety and economic
investigations published in 1996 recommended further studies in the area of Uveghuta for a disposal
facility in the subsurface granite, as well as further studies in the area of Udvari for the construction
of a surface disposal facility. On the basis of the safety analyses, both the subsurface and the surface
disposal facilities were deemed feasible from a radiological protection standpoint; nevertheless, a
subsurface facility in the Uveghuta area was found to be more favourable. Decision was made to
begin detailed research in 1997 and to restrict the activities at Udvari to a narrow range. Geological
research on site selection and site suitability was conducted in 1997 and 1998 at the Uveghuta site
pursuant to the approved research plans, and the engineering work necessary for the preparation of a
preliminary environmental impact report was also carried out. The experts and environmental
protection groups interested were continually informed regarding the results of the research at
specialised forums. General public was also continually informed via press conferences and the
media. The Geological Institute of Hungary recommended in its closing report on geological
research activities published at the end of 1998 that detailed work on the geological and site
properties forming the basis for the licensing and construction procedures be commenced in the
Uveghuta research area. Expert Committee of PURAM recommended approval of the report.
Research results were presented to broader professional community at the Hungarian Academy of
Sciences. Some experts have called into question the completeness of the research work conducted
and the deductions drawn from the results of the research in certain areas (e.g. hydro-geology,
seismology), and a political debate emerged. Consequently the position was formulated that further
consultations and examination should be carried out in the interests of creating broader consensus
both in the professional field and in the general public. To promote achieving this consensus the
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International Atomic Energy Agency was approached to organise a WATRP (Waste Management
Assessment and Technical Review Programme) mission to carry out a peer review for the validation
of the activities and results of the site selection and to give recommendations based on international
good practice. The key issues of the IAEA WATRP mission were the following:

short overview of the screening process resulting in the selection of Oveghuta region for on site
exploration, including the preliminary safety assessment. The purpose of this step was to make acquainted
the international experts with the activities before the site investigation started in Uveghuta.

Evaluation of the in situ geological investigation programme (1996-1998), the applied methods
and criteria against the international practice.

Analysis and assessment of the results and conclusions of the site investigation programme as
contained in the final report of the Geological Institute of Hungary (1998)

Expert opinion on the completeness of the geological investigations to start the licensing
procedure, or further eventually needed investigations, as well as the suitability of the Uveghuta site
based on the present results.
Source material was provided for review by the WATRP team including relevant national laws or other
regulations, information on the types of waste packages to be disposed of, site selection criteria, national
site screening process, information on the repository concept, preliminary safety assessments, description
of the in situ geological investigation programme, final report of the Geological Institute of Hungary.
The team's approach to this review basically included:

evaluation of the documents provided by the Hungarian organisations involved;
presentation and discussion of the major aspects of the Hungarian work in a
review meeting in Budapest (22-26 November 1999);
a visit to the candidate site for the disposal facility at Uveghuta.

The experts performed their review in their personal capacities independent of their governments or the
IAEA. The conclusions and recommendations of the WATRP experts were based on IAEA standards,
internationally accepted principles and proven practices taking into account the general consensus on the
most viable options for solving particular tasks in this field. The Chairman of the team presented the
main results of the review to the press in a press conference. The main findings were:
• the process that led to the selection of the Uveghuta site appears reasonable and has appropriately

considered both the Hungarian geology and public acceptance,
• the Uveghuta site appears potentially suitable to develop a safe repository for disposal of low and

intermediate level operational and decommissioning wastes from nuclear power generation, the site
characterisation and repository design, however, should continue,

• the probability of any adverse effect on the safe performance of the planned repository at Uveghuta
due to seismicity is very low,

• based on a meeting with local representatives (Public Control and Information Association), an
effective and open communication programme appears to have been established.
The following recommendations were made by the team:

• The Hungarian licensing criteria, as reflected in the relevant ministerial decree, are very prescriptive,
concerning geologic requirements in particular, compared to international requirements and guides.
We suggest greater flexibility be provided that would emphasise total system safety based on a
combination of engineered and natural barriers to achieve safety.

• Some clarification is needed of the design concept and the kinds of engineered barriers to be included
in the design. Safety should be achieved through a combination of engineered and natural barriers.

• The safety assessments that were provided to the team were based on limited early geologic
investigations. There is a need for an integrated safety assessment using the currently available site
and conceptual design information, and including a broader spectrum of scenarios. The integrated
safety assessment should form a basis for continued site characterisation, and preferably be prepared,
at least in part, before presenting the case to Parliament.
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• The safety assessments to date have focused on long term performance. As the design concept
matures, there is a need to consider potential radiation exposures of workers and the public, as well as
conventional mine safety, during repository operation.

The review team will provide more detailed findings, views and recommendations for future
work in a detailed report to be provided by the IAEA to the Hungarian Atomic Energy Authority in
January 2000. The first results of the WATRP Mission were achieved however already during the
preparations for the mission while preparing the comprehensive information for the experts, and in
course of the discussions with them. These were the overview of the results achieved so far and the
better understanding of the outstanding tasks. The immediate step to be taken is - as recommended by
the mission - the preparation (at least partly) of an integrated safety assessment based on the available
data to define the further needs for the geological investigations. This is also supported by a PHARE
project aimed at a hydro-geological research programme and assistance in the safety evaluation of the
site.

3.3. The Piispokszilagy Radioactive Waste Treatment and Disposal Facility

The Piispokszilagy Radioactive Waste Treatment and Disposal Facility commenced
operations on 22 December 1976, for the disposal of radioactive waste from health care, research,
educational and industrial applications. The capacity of the facility was expanded from 3500 mJ to
5000 m3 in order to accommodate a portion of the low-level solid radioactive waste from the Paks
Nuclear Power Plant. Wastes from the Paks Nuclear Power Plant occupy about 2500 m3 of the
capacity at the site. By the end of 1998 the free disposal capacity of the facility had declined to 170
m3, which is sufficient to accommodate the annual amount of approximately 20 mJ stemming from
non-power generation activities for the coming years. It is however, far to small to handle the low-
and intermediate-level waste from the power plant amounting to some 24,000 m3 to 40,000 m3 which
will be required. Expansion of this magnitude is not possible due to the features of the site. In 1999
PURAM was expending significant resources from the Central Nuclear Financial Fund on the
development of Radioactive Waste Treatment and Disposal Facility. This was necessary because
international and Hungarian standards have become substantially more strict since the 1970's and new
methods have been developed for evaluating environmental and radiological safety. Responsible
authorities have also required preparation of a safety evaluation of the Radioactive Waste Treatment
and Disposal Facility using modern methods and have issued an operations license only until 31
December 2000 when the report is due to be finished. The PHARE programme of the European Union
is also supporting these activities. Based on the results of this evaluation it will be possible to reach
final decisions on the further activities and development at the site in 2000.

4. PUBLIC INFORMATION ACTIVITIES

Pursuant to the provisions of the Atomic Energy Act, during activities related to the operation
and site investigation of radioactive waste disposal sites it is necessary to ensure a regular supply of
information to the settlements in the area, the dissemination of such information to the population and
to ensure continuous dialogue with the general public. Within this framework, support may be
provided for the establishment and activities of associations for community monitoring and
information. The information association established for the Radioactive Waste Treatment and
Disposal Facility, as well as the association for the site research being conducted at Uveghuta for the
disposal of low- and intermediate-level waste and the information association for the underground
research laboratory to be constructed in the Boda aleurolit formation are constantly informing the
public in the surrounding area, including settlements which do not belong to the associations,
regarding research activities and/or operation of the site. They monitor the research and/or the waste
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disposal procedures and participate in preparation of the necessary decisions. The broader
professional community and the general public have also been regularly informed regarding the tasks
associated with radioactive waste disposal and the results that have been achieved. Professional
forums have occurred on a number of occasions, as well as scientific presentations. Professional and
informational publications have been produced and regular press conferences are being held. The
local government and population of the vicinity of the Piispokszilagy Radioactive Waste Treatment
and Disposal Facility are not opposed to the operation of the site and there is also support for the
research being conducted in the western area of the Mecsek range in the Boda aleurolit formation. In
respect of Uveghuta, which is located within the administrative territory of the settlement Bataapati in
Tolna County, the local governments and population of the settlements in Tolna County support the
siting of the low- and intermediate-level disposal site, while a few villages in the neighbouring
Baranya County oppose it. In the interests of alleviating the fears of the villages, enhanced
informational activities are being conducted with the support of politicians and public officials in the
region.

Table 1: Quantities of radioactive waste and spent fuel

Quantities produced annually

Low- and intermediate-level waste from the Paks Nuclear
Power Plant:
solid waste
liquid waste

Spent fuel from the Paks Nuclear Power Plant

Other users

100-120 m3

200-220 m3

440 assemblies
(52.8 t)

10-20 mJ

Quantity of radioactive waste and spent fuel generated at the Paks Nuclear Power Plant over
an operation period of 30 years

Low- and intermediate-level radioactive waste
(operational and decommissioning waste, depending on technology
applied)
Spent fuel

24,000-
40,000 m3

11,000-12,000
assemblies

(1320-14401)
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Abstract

This paper describes the conditioning of sealed radioactive sources, carried out at the
Karachi Nuclear Power Complex (KNPC) in co-operation with the IAEA. The radioactive
sources were radium needles of various size, used by various radiotherapy units in different
hospitals throughout the country. For some time the use of radium needles had been
abandoned and they were stored in hospitals awaiting proper disposal. Since their storage
conditions were not ideal and there was a potential of leakage of radioactive material into
the environment, it was decided to condition and store them safely. A significant logistic
effort was required to identify these sources, bring them to a central facility and condition
them according to current international standards. Various steps were involved in
conditioning the sources: place it in a stainless steel capsule, weld the capsule, test it for a
leak, place the capsule in a lead shielded package, put and seal the shielded package in a
concrete-lined steel drum and finally store it at the waste storage facility. A total amount of
about 1500 mg of Radium needles were conditioned. Radiation exposure during the entire
operation was within acceptable limits.

1. INTRODUCTION

The Karachi Nuclear Power Complex (KNPC) consists of a 137 MWe CANDU
PHWR. It is located at Paradise Point on the Arabian Sea coast, 25 Km west of Karachi.
The reactor has been generating power since October 1971. KNPC manages its own
radioactive waste. A waste disposal area was designated near the plant. This area,
measuring about 36m x 70m, is located approximately 1 km north of the plant, is within the
plant's boundary and has been provided for long-term, retrievable storage of low level solid
radioactive waste. Wastes are placed in concrete lined trenches and, when a trench is nearly
full, it is filled with about 60cm of inert material to seal it off from the environment. Finally
it is covered by a concrete lid. KNPC also makes this facility available to users of small
amounts of radioactive material by receiving and safely managing their radioactive wastes.
These wastes are mostly from hospitals or commercial sectors which do not have adequate
means to dispose of them.
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2. THE RADIUM CONDITIONING PROJECT

Radium-226 was one of the common radioactive source used in radiotherapy. After
artificially produced radioactive sources became available, the use of radium declined and
the radium needles became useless and were stored at various hospitals. In some cases they
were not very safely managed. Since the half-life of radium-226 is quite long and these
sealed sources still are highly radioactive, there was a danger of their leaking over time with
a potential of causing serious danger. It was necessary to dispose of or store these sources in
a safe manner.

The IAEA started the radium conditioning programme in 1990 and has been
providing guidance and assistance to requesting countries. The programme offers a standard
way to manage the sealed sources, especially to those countries which do not possess the
technology and the means to adequately address this issue. The Project in Pakistan, which
was completed in June 1999, was divided into three parts:
(i) to identify and locate all the sealed Radium sources throughout Pakistan;
(ii) to transport all the sources to KNPC;
(iii) to condition them in a safe manner for storage.
An expert mission was arranged by IAEA to develop a detailed plan and advise on training
of the operation team.

The conditioning project was performed with the co-ordination of the regulatory
body, the Directorate of Nuclear Safety and Radiation Protection (DNSRP) of the Pakistan
Nuclear Regulatory Board (PNRB).

2.1 Logistics

One of the biggest challenges in the project was to locate and identify all radium
sources at various places within the country. These radium sources were in the form of
needles encapsulated in stainless steel. They were in various hospitals and radiotherapy
units. The regulatory body collected information about the availability of radium sources at
different medical centers in Pakistan. The radium sources from the northern part of Pakistan
were first collected at Islamabad and they were later transported to KNPC by the members
of the team responsible for this project. This team also brought the radium needles from the
southern region of the country to KNPC.

The weight of Radium needles collected at KNPC ranged from 0.5 mg to 25 mg.
These needles were segregated in batches according to the radium content. In total, 1500
mg of radium needles were collected.

KNPC fabricated the packages required for conditioning according to the IAEA
specifications. This included 2001 stainless steel drums, shielding containers, stainless steel
capsules (small and large). The IAEA also provided a welding turntable and vacuum pump,
for leak test. Other items required for the shielding, transportation, transfer of radium
sources, respiratory protection, contamination control, monitoring etc. were arranged by
local utilities.
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2.2 Preparation

The area selected for the operation, after consultation with the IAEA expert, was an
isolated room, in radiological zone 3, with separate ventilation system; effluents are
released through a stack after filtration and monitoring. Radium needles were temporarily
stored in another room in the same building. The whole area was declared as "Controlled
Area" to restrict entries. Other zones were established in the operation room for different
tasks.

The conditioning room was declared as "Rubber Area" to prevent a release of any
possible contamination. Floor and the shielding material were also covered with transparent
foil. Persons working in the operation room were required to use proper protective clothing
and respiratory protection. Radiation dose was monitored.

2.3 Execution

Radium conditioning at KNPC was performed, in the presence of an IAEA expert, by
a KNPC team and no outside contractor had to be involved. The process of conditioning
consisted of the following distinct steps:

(a) Encapsulation
About 50 mg of radium was transferred into each capsule using long handling tools in
a well shielded space.

(b) Welding of Capsules
Capsules were then transferred for TIG welding to the shielded turntable installed in a
welding zone with the help of a remotely handled tool. After welding, the capsules
were cooled in shielded tray and then were transferred to dissector for the leak test.

(c) Leak Test
The dissector contained glycol and after inserting the welded capsule the pressure was
reduced to 0.25 kPa (0.25 atm). A leakage from the welded capsule should be
indicated by the appearance of bubbles in the glycol. None of the welded capsule
failed the leak test. However, one empty capsule was deliberately welded poorly to
observe the bubbles during testing.

(d) Placement in the Shielding
All capsules after passing leak test were dried and placed in shielded packages. Each
shielded package contained 10 holes for 10 capsules containing a total of 500 mg of
radium. After placement of the capsules, the shielding container was closed by a lid
and sealed by welding it.

(e) Final Package
The shielding containers were placed in specially manufactured 200 litre concrete
lined steel drums (one package per drum) and the drums stored in the Waste Storage
Area of KNPC.
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2.4 Dose Record

All persons involved in the work were provided with TLDs and Direct Reading
Dosimeters (DRDs) for whole body dose measurement. Extremities dose measurement
devices were also used where required. Results of the measurements of radiation dose
received by the team members were:

(i) Radiation dose received during the transportation of the radium sources from
northern and southern regions:
Total radiation dose received: 0.95 Man-mSv
Maximum dose received by any person: 0.50 mSv

(ii) Radiation dose received during the radium conditioning:
Total radiation dose received: 0.35 Man-mSv
Maximum dose received by any person: 0.09 mSv

(iii) Total dose received during the entire project: 1.30 Man-mSv.

2.5 Record Keeping.

For keeping the information on processed radiation sources, data have been recorded
on IAEA prescribed forms provided for this purpose. They contain information mainly on
the individual radium sources that were conditioned and link this to the capsules, shield and
the final package. Once the conditioning operation was carried out the capsule, containing
about 50 mg of radium, was considered as a new single radiation source. The capsule
information, recorded on a Capsule Information Form, will be available for future
processing or any additional management which is not foreseen today. The package
information will serve as input for the surveillance and control as well as for any present or
future operation or handling purpose.

3. CONCLUSION

The method and procedures applied in this project in Pakistan to safely manage
existing radium sources are considered to having been very effective. The common effort
of the IAEA expert and the KNPC team was successful. Experience gained could be very
valuable in conditioning work of radium sources in other countries.
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Abstract

The future safe development of nuclear energy and progressive increasing use of sealed
sources in medicine, research, industry and other fields in Peru, in the past years have
determined the necessity to formulate and apply an Institutional policy to assure harmless and
ecologically rational management of disused sealed sources in Peru. Some results of the
studies, which served as a basis for design and construction of a facility for treatment,
conditioning and storage of conditioned sealed sources are presented in this paper. The waste
management system in Peru comprises operational and regulatory capabilities. Both of these
activities are performed under a legislation. The Nuclear Reserach Center RACSO has a
radioactive waste management department which is in charge of the management of disused
sealed sources produced in the country. It is considered as a centralized waste processing and
storage facility (WPSF).

1. INTRODUCTION

At the Peruvian Institute of Nuclear Energy (IPEN), there is a centralized waste
processing and storage facility (WPSF) for disused sealed sources produced in Peru. They
are produced in the applications in medicine, industry and research studies. All the wastes are
segregated and collected according to their phisico-chemical proprieties and available
treatment facilities. For this purpose a IPEN waste management strategy was established.
The option to reduce the risks for accidents with disused sealed sources is their conditioning
including embedding in a matrix of cement mortar. This method is applicable to radiation
sources with activities up to a few terabecquerel, depending on the radionuclide. The method
has the advantage of using a simple technology, material and equipment which is available
and it gives a waste package which is stable for a long time under interim storage conditions.

2. ORIGIN AND QUANTITIES OF DISUSED SEALED SOURCES

All disused radiation sources with an activity above the applicable exemption levels
are conditioned and then they are put in an interim storage. Disused sealed sources which
normally are conditioned in 200 litre drums are: brachitherapy sources, calibration sources,
industrial gauges, soil moisture and density-gaunges and industrial radiography sources. In
the case of short lived disused sealed sources, they are stored, without conditioning, in a
suitable interim storage. Table 1 shows the inventory of conditioned disused sealed sources,
the quantity and activity.
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TABLE 1: Summary of Data of Disused Sealed Sources at the Interim Storage

Radionuclide

Cs-137
Co-60
Ra-226
Am-241
Am-Be
lr-192

TOTAL

Quantity
of Sources

54
6

30
157
6
6

267

Total
Activity (GBq)

3.70E+05
2.60E+04
8.56E+00
1.01E+00
1.48E+00
7.10E-03
8.82E+05

3. TRANSPORT OF DISUSED SEALED SOURCES TO WPSF

Disused sealed sources are often stored at the place of use; hospitals, research
institutes or industry, and then are transported to the WPSF. Such transport is in accordance
with the internationally agreed transport regulations, which are based on recommendations
from the IAEA. Before transport of a disused sealed sources is carried out, it is necessary to
know if the source is leaking or if it is contaminated on the outside. Normally, leak-tests are
done on all disused sealed sources. For transport of radium sources, the inner contaiment of
the packaging is airtight to prevent radon from escaping if the source is damaged during
transport. On receipt at the conditioning facility, the package is unloaded and the external
radiation and surface contamination levels are checked again.

4. REGULATORY REQUIREMENTS

Conditioning of disused sealed sources is considered a nuclear activity for which
operating license requirements apply. These requirements define the scope for conditioning
operations, as well as any specific rules that must be complied with. The conditioning
operation is furthermore governed by criteria for acceptance of waste packages for interim
storage.

5. COLLECTION OF INFORMATION REGARDING THE DISUSED SEALED
SOURCES

One of the important aspect considered for conditioning of disused sealed sources is to
obtain all relevant facts about the sources to be conditioned in order to ensure that the
conditioning method is compatible with the source, and to plan the conditioning process and
the radiation protection measures. Information needed includes:
- radionuclide, activity and date;
- physical and chemical form of radionuclide;
- producer of the source;
- source type including dimensions and shape;
- sources serial number;
- user of the sources including details of the source history;
- results of tests which have been done;
- measured dose rates.

All information is collected and filed in a structured form in a data base programme.

402



6. CONDITIONING OF RADIUM NEEDLES

During the conditioning of radium sources, extra precautions have to be taken because of
the radon problem. In order to take care of the radon, the disused sealed sources are placed in
an airtight inner container in the waste package. The sources are included in a stainless steel
capsule with a welded lid. The sealed capsule is then placed in a 200 1 drum, which is marked
with a permanent identification mark which includes: the trefoil symbol for radioactive
material, an identification number of the package, the content of the package and the date.

7. QUALITY ASSURANCE

Two essential parts are considered in the quality assurance system for disused sealed
sources: the conditioning process and documentation of conditioning.

7.1 Conditioning Process

The only way to assure that the end product complies with requirements is to apply
appropriate quality assurance measures to each of the steps in the conditioning process. Such
measures include documented procedures on:

- procurement and acceptance of raw material,
- identification and selection of disused sealed sources,
- immobilisation process,
- waste packages identification marks and labels,
- equipment maintenance and repair,
- operational staff requirement; skills and training,
- record keeping.

7.2 Documentation of Conditioning

Documentation is completed immediately after the work to ensure that correct
information is registered. The information on record includes the following:

- package identification mark,
- activity content,
- radionuclide content,
- surface dose rate,
- dose rate at 1 m,
- contamination level,
- date and place of conditioning,
- conditioning method,
- responsible conditioner,
-storage category,
- number of sources conditioned.

8. INTERIM STORAGE OF CONDITIONED DISUSED SEALED SOURCES

The storage facility is designed and operated in accordance with regulatory
requirements. The storage facility has two separate storage areas; an operational store for the
temporary storage of unconditioned sources, and an interim store for the long term storage of
conditioned disused sealed sources. An inspection and monitoring programme is established
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and there is a record keeping of all disused sealed sources during the storage period. A
repository storage, for final disposal, is not available. Interim storage is in a simple hall on the
ground surface with a concrete construction. Its capacity, which can be increased up to 60
cubic meters, makes this facility suitable for meeting the country needs during more than 20
years.

9. CONCLUSIONS

Not too much radioactive wastes are produced in Peru. However, safe management
for disused sealed sources has been established. Safe management for disused sealed sources
must consider all steps of radioactive waste management in order to avoid that such wastes
lead to accidents, which could have a negative impact on society.
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Abstract

Fundamental objectives and efforts to safely manage radioactive wastes generating from the
expanding nuclear power industry in the Republic of Korea are described. Management,
treatment and storage of radioactive wastes arising in different form are addressed. A long
term plan to reduce the volume of solid waste is outlined.

1. INTRODUCTION

The need for energy, especially electric energy, has been rapidly increasing in Korea. The
Korea Electric Power Corporation (KEPCO) has 16 reactors in operation, 4 reactors under
construction, and has a plan to construct 5 additional reactors by the year 2010. There are
several problems to be solved for further pursuing nuclear power projects. One is to safely
manage radioactive waste, i.e. waste has to be managed in such a manner as to protect the
general public and the environment from any undue radiological risk, thus not being an
obstacle to the development of the nuclear industry. The fundamental objectives of
radioactive waste management in Korea are as follows.

- Protection of current and future generations from unnecessary exposure to radiation from
the waste,

- Minimization of scale of repository by reducing the volume of radioactive waste to be
disposed of,

- Securing the time needed to have a repository constructed and
- Creating and keeping good relationship between KEPCO and the general public by safe

management of radioactive waste.

Both the government and KEPCO are making efforts to achieve the objectives of radioactive
waste management. Duties and organizations related to radioactive waste management are as
follows;

Ministry of Trade, Industry and Energy Resources (MOTIE): establishing electric power
development plans,
Ministry of Science and Technology (MOST): research and development, and
management of nuclear safety,
Korea Institute of Nuclear Safety (KINS): Technically supporting MOST for regulating
nuclear safety,
Korea Electric Power Corporation (KEPCO): Operation and construction of nuclear
power plants and radioactive waste repository,
Nuclear Environment Technology Center(NETEC/KEPCO): Planning and constructing
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low-and intermediate level radioactive waste repository, R & D on radioactive waste
treatment technology including LLW vitrification technology and
Korea Atomic Energy Research Institute (KAERI): R & D on HLW disposal and
utilization of spent fuel.

Korea has been trying to search the disposal site for the safe management of radioactive waste
since 1989 and selected the Gulup island in 1995. But the Gulup Island option was cancelled
owing to finding the active fault near the island.

A new plan of radioactive waste management was set up by MOCIE and approved by he
Atomic Energy Committee in 1998. A major issue of the new plan is seeking the proper
disposal site to operate the repository of Low and Intermediate Level Waste (LILW) in 2008
and the centralized interim storage facility of spent fuel in 2016. KEPCO is now preparing
the detailed project according to the new plan.

2. RADIOACTIVE WASTE MANAGEMENT

2.1 Categories

Radioactive waste can be in solid, liquid and gaseous form (physical status) and may be
divided into low, intermediate and high level according to radioactivity concentration
(4,0OOBq/g) and heat generation rate (2kW/m3). However, the Korean Atomic Energy Law
does not separate low-level waste from intermediate-level waste and these are managed
together.

Liquid waste can be divided into process drains, floor drains and laundry drains based on the
sources of waste generation. Solid waste consists mainly of spent resin, spent filter, liquid
concentrates and dry active waste.

2.2 Gaseous waste treatment

There are two methods to deal with gaseous wastes. One is the hold-up method using gas
decay tanks and the other is the filtration method using charcoal delay beds. The hold-up
method is used in Kori #1,2 and Ulchin #1,2 and the filtration method is used in Kori #3, 4,
Yonggwang #1, 2, 3 and 4, Wolsong #1,2,3 and 4 and Ulchin #3,4.

2.3 Liquid waste treatment

The evaporation method is used to treat process drains and floor drains in operating PWRs.
Both process drains and floor drains are first neutralized, then filtered and evaporated by a
waste evaporator. Distilled water is passed through demineralizers, diluted and discharged into
the sea. Evaporator bottoms are dried and solidified with paraffin.

The filtration method is used to treat laundry waste in all PWRs. Laundry waste is neutralized,
filtered and discharged into the sea. If radioactivity of liquid effluent is higher than that of
regulatory limit, it is returned into the plant and treated again.
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New power reactors under construction will have high speed centrifuges and selective ion
exchangers. Reverse osmosis technology is being considered to treat laundry waste instead of
the filtration method.

2.4 Solid waste treatment

Before 1995, liquid concentrates had been solidified with cement. But from the end of 1995,
liquid concentrates are being dried and solidified with paraffin in all PWRs.

Cement solidification had been used to treat the spent resin. The spent resin drying system
(SRDS) has been in use in Kori #1,2 from the middle of 1996, Kori #3,4 from the middle of
1998. Other reactors will operate SRDSs in 2000.

Dry active waste (DAW) is sorted by portable survey meter and sorting facility. Sorted dry
active waste which has radioactivity above the level of the regulatory limit is compacted with
conventional 10 ton compactor and then pressed by 2,000 ton super compactor. Wastes whose
radioactivity is below the regulatory limit are regarded as a kind of sanitary trash.

Spent fuel in PWRs is stored in the spent fuel pool (SFP) in the auxiliary building. SFPs are
equipped with coolers, demineralizers and skimmers. Water quality of SFP is managed to
meet the operating limit. Spent fuel from a PHWR is kept in both the SFP and the dry silo.

3. TRANSPORT AND STORAGE

3.1 Transport

Transportation of low- and intermediate- level waste is performed only within nuclear reactor
sites until there is a repository available in Korea. Box car is exclusively used only for
transport of radioactive waste to on-site storage facility.

Spent fuels also are moved to on-site neighbour reactor pool for increasing the storage
capacity using spent fuel shipping cask to be shielded from radiation.

Before transportation, radioactive waste containers are checked according to transport
procedures and moved if all requirements are meet for transport. In addition, the transport
route is checked periodically for contamination.

3.2 Storage

Low- and intermediate- level wastes are packed into 3 types of containers; metal drums,
concrete drums and high integrity containers. Each reactor site has interim storage facilities.
All radioactive waste will be stored in these facilities until a final repository is open.

Spent fuels from PWRs are stored basically in the SFP. Some spent fuels from a PHWR are
kept in the dry silo at the site. Storage capacity for spent fuels from PWRs will be extended
by installing high density racks and by building dry storage facility. The national policy, either
to reprocess or not, has not been determined yet and a centralized interim storage facility will
be built for a long term storage of spent fuel.
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TABLE 1. THE STORAGE STATUS OF RADIOACTIVE WASTE (BY 1998)

Waste type

Low level Radioactive Waste

Spent Fuel

Cumulative
Amount

52,400
(drums)

3,603
(tonU)

Storage
Capacity

99,900
(drums)

9,803
(tonU)

Saturated
year

2008

2006

4. RADIOACTIVE WASTE VOLUME REDUCTION

Volume reduction has been selected for extending the insufficient interim storage capacity of
low level radioactive waste until operating a final repository.

Reduction to 250 drums per reactor-year is a short term target and has been achieved by
improving facilities and introducing new technologies such as concentrate waste drying
system (CWDS), spent resin drying system (SRDS), high integrity container and super
compactor, which have already been mentioned before.

An aggressive long term plan is to reduce the solid waste volume to 35 drums per reactor-year
in the early part of the 21st century. This can be achieved by commercializing the technology
of vitrification.

As a result of KEPCO's continuous efforts to reduce the radioactive waste, the radioactive
waste volume could have been reduced from 550 drums per reactor-year in the early 1990s to
172 drums per reactor-year in 1998. Reduction to 150 drums per reactor-year will be achieved
in this year.
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Abstract

The paper summarizes the results obtained in two interview studies conducted in the communities of
Storuman and Mala in northern Sweden, 1995 and 1997. It highlights the similarities and differences
with respect to the public participation and decision processes which preceded the respective referenda
in the two communities. The presentation includes some of the arguments used by proponents and
opponents, the changes over time, as well as the time frame and the information involved in the
processes. It is concluded e.g. that local cultures, life-styles, knowledge of similar events, and the time
for and the management of the participation process are important and salient factors in the resulting
social dynamics. Factors of possibly more fundamental importance were also discerned, however,
including overall attitude to and valuation of nuclear power, perceptions of development, solidarity,
power and power distribution in relation to current as well as future situations. It is furthermore
concluded that the extended public participation process is primarily a political process following the
rules of political debates and societal change rather than an effective means of informing the public. It
may involve a high degree of exposure to technical details and other kinds of information, but the
process should not be understood as an extended basis for exclusively assessing technological accuracy.
A discussion of the short and the potential long-term effects of active participation of various influential
interest groups on representative democracy concludes the paper.

1. INTRODUCTION

Sweden is currently discussing the handling and storage of approximately 20,000 cubic meters of high
level radioactive waste. The method suggested for the deposition is abbreviated KBS-3, and involves a
bedrock repository at a depth of about 500 meters, where especially nuclear fuel will be stored
encapsulated in copper-steel canisters surrounded by layers of clay. The current site selection process,
the responsibility of the Swedish Nuclear Fuel and Waste Management Co (SKB), involves e.g. socio-
economic studies of those communities which have invited SKB to initiate overview studies for the
establishment of their feasibility for further investigations. If the locality would be found suitable, the
following phase would involve e.g. geological investigations. Several communities are currently in more
or less advanced stages of the overview studies.

This paper addresses the processes in Storuman and Mala, where the first phases were ended by local
referenda. For details of the interview studies conducted at these localities, see [1], [2]. The aim was to
investigate the reasons underlying the local rejections of further investigations of the communities for
the possibility of siting a high level radioactive waste repository. Both communities had reacted
positively to a letter from SKB, which was sent to all Swedish communities in 1992, with the result that
they decided to invite SKB to initiate overview studies, i.e. in Storuman in June 1993 and in Mala in
November 1993. The respective processes were ended by local referenda, in September of 1995 and
1997, respectively. The questions put to the citizens were "Should SKB be allowed to continue to search
for a final deposition site in Storuman community?", and "Should SKB be allowed to continue to search
for a place for a deep repository of used nuclear fuel in Mala community?" The response in Storuman
was approximately 70 percent no-votes, and in Mala 54 percent no-votes. There were different time
frames allocated to the two processes. The reasons for and decisions regulating the varying timetables
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are to be found within the respective communities. It should be noted, however, that the faster process of
Storuman and the experiences gained there might well have influenced policy and decisions in Mala.

Storuman and Mala are almost neighboring communities, situated inland in the north of Sweden.
Forsmark is the closest nuclear power plant, situated at a distance of approximately 700 kilometers. The
respective populations consisted of approximately 7500 and 3900 inhabitants in the mid 1990's, with
overall negative population development trends. The referendum in Storuman was held at the same day
as Sweden elected representatives to the European parliament.

2. METHOD

Semi-structured interviews, lasting between 0.5 to 2.5 hours, were held with 54 persons in Storuman and
37 persons in Mala. Most of those interviewed had been active participants of the activities preceding the
referenda, e.g. working with information distribution, or within political parties or interest groups.
Names of the subjects were obtained by official records or by recommendations by already contacted
subjects. A few persons related to e.g. the educational system, tourism and industry were also included
for providing their opinions or for the contact with young students. All subjects were informed that the
study was conducted on the initiative of SKB, that there would be no possibility to connect the
comments given with individual respondents in the forthcoming report, and that only notes were taken
from the interviews. The method of choosing subjects was related to the aim to investigate the reasons
and arguments involved in the processes and driving the outcomes. The referenda had already provided
the opinion results. The subjects were approached by phone and later interviewed in person or in group
interviews. A few were interviewed by phone. Very few persons declined to participate.

The interviews followed a scheme of specified areas to be discussed, such as current experiences of the
local situation, general reflections and comments to the process preceding the referendum, the
(perceived) most important arguments used by proponents and opponents in the discussions and
campaigns, reasons for the personally held view, possible reasons for the outcome of the referendum,
experiences of changes over time, effects of the outcome (personal or for the community), expectations
of the future, and other comments. Specific questions were asked about information (e.g. availability and
quality), about safety or risk issues debated in the process, memorable events, and what one had learnt.
There were also questions about the general personal opinion of using referenda and how such use is
related to the democratic process, i.e. the representative democracy, as well as the personal opinion about
what should be done to handle Swedish nuclear waste. The resulting notes were structured in relation to
the main topics of the interview, then summarized and presented in a report relative the group in favor
(the yes-group) and the group against (the no-group).

3. RESULTS

The opposition process was established instantly in both communities as soon as the local decisions to
invite SKB to start an overview study were taken. The proponents, however, organized late as groups.
The Storuman opposition process quickly gained and maintained a majority, effectively and
continuously isolating and marginalizing the proponents. The relative strength of the two groups was
more obscure in Mala, providing less of a threat for individuals if becoming involved in information
gathering or expressing an opinion. The prediction of the outcome of the referendum in Mala was
similarly difficult, as can be inferred from the actual result. The arguments used by the proponents were
quite similar in the two communities, i.e. that favoring a continued investigation of the community by
SKB would create employment, spin-off effects and thus provide resources and development to the area.
The arguments highlighted by the opponents in Storuman differed from those in Mala in at least two
major respects, i.e. the expressed significance and influence of historic experiences and traditions,
including the early industrialization era and class differences, the widespread negative opinion in the
region relative the national referendum of Swedish nuclear power in 1980 and membership of the
European Union, the effects of the Chernobyl accident, traditional life-styles, etc, and the attention to
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future risk and safety issues. The opponents, as well as proponents, of Mala instead emphasized the
importance of maintaining the community intact with respect to personal relations and future co-habiting
conditions. With this focus in mind, the process in Mala developed along two almost parallel paths, to a
large extent succeeding in avoiding a commitment relative the issue of a future repository. Instead it was
debated whether or not SKB should be allowed to investigate the community regarding its suitability as a
place for a repository. Whereas the overall atmosphere in Storuman had been rather confrontational, the
climate in Mala was more tolerant and conflict avoiding.

Investigating the arguments of various actors in Storuman resulted in the elicitation of a major dimension
of "individualism-collectivism", i.e. the valuation of personal success and expansion versus solidarity
with one's group and traditions. There were, however, persons or groups of individuals who might have
benefited from a continued presence of SKB in the community, but who nevertheless voted no. These
were the small entrepreneurs, who instead emphasized personal control, tradition, the unspoiled nature,
and the development of small-scale businesses, preferably related to tourism. The local government and
the representatively elected political establishment of Storuman, which could be argued constituted
bodies of communal interests, came to be perceived, together with large or established industries or
businesses, as favoring a yes-vote, since they had invited SKB to the community. The yes-vote in the
referendum thus came to represent large, insensitive and rather abusive bodies of economic and political
power, against which the small individual, entrepreneur or village community had to fight for the
maintenance of self-esteem, peace of mind, safety, nature or life-style. Risk issues were addressed both
among proponents and opponents to the idea of further investigations of the community. In the former
case, however, the "yes-group" voiced concern for the current community if no significant investments
or development occurred. In the latter case, risk was perceived in relation to the distant future regarding
responsibilities and the possibility of radioactive leakage or contamination. These opposing value
structures were much less obvious in Mala. When the discussion in Mala included references to history
and experiences, those were more often associated with pride of the mining and geological industries and
pessimism regarding any development of the tourism industry.

In their reflections of the situation in Storuman after the referendum, representatives from the opposing
sides to a large extent agreed about what had happened. The process had involved a massive amount of
information focused on technical details, increased knowledge about the issue, time had been too limited
to disseminate ideas, and local media had favored the no-campaign. It was also agreed that the issue had
increased the activity level of the community and that the result of the referendum was clear and should
be respected. The proponents critically reviewed their mobilization and information campaign and would
have liked to see more detailed presentations of consequences relative the two options of the referendum.
The no-group representatives felt they had achieved a good campaign, and an impressive demonstration
of the "little man's" power. Representatives of this group voiced concern about the unclear presentations
of current and future responsibilities as well as regarding the rules of the overall process of Sweden's
establishment of a final repository. These comments were summarized as proponents taking a more
local, and tactical, perspective on the issue at hand, advocating development and change, whereas the
opponents had raised more general and strategically important issues in the campaign. They had been
able to relate to the traditional life-style and risk averse sentiments of the local community by
highlighting local power structures, long-term risks, and uncertainties relative future responsibilities and
power structures.

The process preceding the referendum in Mala used almost four years, as compared to approximately
two years in Storuman, and whereas Storuman decided to have a local referendum about half a year
before the event, that decision was taken in Mala at the time of the decision to invite SKB to the
community. It seemed as if Mala had anticipated the demand of a referendum, as well as learnt to
emphasize the importance of a normal life after the event, from the process in Storuman. It was also a
smaller community, however, and avoiding major social conflicts became a common concern.
Furthermore, the referendum took place after the election to the European parliament and after the tenth
anniversary of the Chernobyl accident, events which had had an impact on the Storuman discussions.
The development of rather parallel campaigns in Mala provided a solution to both allowing discussions
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of the issue and avoiding confrontations and social conflicts. The interpretation, by the proponents, of
the question put forward in the referendum, i.e. that the issue concerned the investigation of the
community with respect to its feasibility as a place for a repository and not an acceptance of Mala
becoming the site for it, influenced the general opinion. A number of people found it logical to
investigate the area with respect to geological basic facts, establishing the feasibility before raising the
issue if Mala could accept becoming a possible site for the repository. Others wanted guarantees that a
new decision process, and even a new referendum, would be held to even consider further investigations
of the community. In line with the suggested interpretation of the question put to the referendum, people
voiced the argument that it was too early to become involved in specific, and technical, discussions
related to the repository. Such discussions should be held if further investigations were initiated. And
although the same information had been available in both Storuman and Mala, the criticism and concerns
related to the KBS-3 method and the risk-safety aspects related to the repository, which had been
thoroughly debated in Storuman, were less pronounced in Mala. Instead it seemed to be a commonly
held opinion that one has to trust the experts in doing their job, and if they make mistakes or otherwise
fail it is almost impossible as a lay person to spot and correct the basic technical calculations and their
implications. What a lay person can consider, however, is the overall idea of hosting a repository and
what it might imply for the area and e.g. future generations. Since there were no official decisions of a
new referendum given a yes-majority in the upcoming referendum, some people would not risk allowing
the continuation of a process they feared could put Mala on the list of possible future sites for a final
repository.

4. DISCUSSION

The discussions and processes of Storuman and Mala thus involved several local differences, but also a
number of similarities. Both processes signaled a gradual change from representative democratic rules to
accepting public demands for direct democracy. The developments were initiated by decisions in the
municipal councils and boards, but very quickly involved larger groups of the community. Lessons learnt
from the process in Storuman and Mala involve the loss of ordinary political power to a rather undefined
process of direct democracy. The current and often overwhelmingly positive discourse related to public
participation processes, especially among social scientists, seems to have failed to recognize the negative
outcomes of empowering self-defined "interest groups" or "stake-holders". At the current stage there are
no guarantees that "the public" is actually involved to a larger extent in this way. And there is no
guarantee that certain individuals or specific interests cannot place themselves in several of the
strategically critical contexts to underline their position. The advocates of the current development
towards "direct democracy" have also neglected the overall political implications of defining and
separating one single issue for a complex local political engagement, e.g. with respect to the different
political parties' overall aims and tools for implementing the ideas on the basis of numerous risk-benefit
considerations. In sum, it is due time for a general and thorough discussion of the forms and optimal
organization for increasing decision transparency and an extended public participation in decision
making.
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Abstract

The nuclear programme and the related legal framework in Indonesia is outlined. The provisions and
principles concerning the management of radioactive waste are described. Furthermore, aspects of
liability for nuclear damage and public involvement are addressed.

1. INTRODUCTION

Indonesia is now operating three research reactors, one nuclear fuel fabrication plant for
research reactors, one experimental fuel fabrication plant for nuclear power, one isotope production
facility and some other research facilities. In anticipation of expansion of the nuclear programme in
Indonesia, the Indonesian Government has, since April 10, 1997 enacted the Law No. 10/1997 on
Nuclear Energy. The Law addresses several key requirements for the successful conduct of
Indonesia's nuclear industry, including the establishment of both an Executing Body responsible for
nuclear research and development, mining and processing nuclear fuels and materials, production of
radio-isotopes and management of radioactive wastes and an independent Nuclear Energy Control
Board, which will have the power to regulate, to license and to inspect all facets of any activity using
nuclear energy. It also sets out the basic principles for regulating practices in the application of
nuclear energy, the basic arrangements for managing and disposing of radioactive wastes and the
allocation of liability for nuclear damage. The law will be implemented through the application of
further government regulations, to be established. In brief, the Law on Nuclear Energy consists of 10
chapters with 48 articles. One chapter containing eight articles is devoted to the basic principles of the
regulation of nuclear energy, one chapter of six articles to the basic arrangement for radioactive waste
management, and one chapter containing 13 articles to nuclear damage liability. The penal
stipulations are accommodated in one chapter containing four articles.

2. ESTABLISHMENT OF NUCLEAR ENERGY CONTROL BOARD (NECB)

Act No. 10/1997 on Nuclear Energy fully separates the promotional and regulatory functions
in accordance with Chapter II Article 3 and 4 of the Act and establishes the regulatory body for the
control of the application of all nuclear energy through regulations, licensing and inspection in
accordance with Article 14 of the Act. The new regulatory body, Badan Pengawas Tenaga Nuklir
(BAPETEN) or Nuclear Energy Control Board (NECB) was established by the Presidential Decree
No. 76/1998 in May 1998 and is now in full operation. With regard to the utilization of nuclear
energy, the Act No. 10/1997 on Nuclear Energy explains the following: "Utilization is defined as any
activity related to nuclear energy activity that includes research, development, mining, fabrication,
manufacturing, production, transportation, storage, transfer, export, import, decommissioning and
radioactive waste management to enhance people's welfare". Any activity related to the application
of nuclear energy is required to be conducted in a manner which observes safety, security and peace,
and protects the health of workers and the public and the environment.
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The authority and responsibilities of BAPETEN are described in Articles 14-21, 27, 38, and
39 of the Act. The Article 15, for example, stipulates that the control of the application of all nuclear
energy is aimed to:
Q assure welfare, the security and peace of the people;
• assure the safety of the health of workers and public, and the environmental protection;
Q maintain the legal order in implementing the use of nuclear energy;
Q increase the legal awareness of nuclear energy user to develop a safety culture in nuclear field;
Q prevent the diversion of the purpose the nuclear material utilization; and
a assure for maintaining and increasing the worker discipline on the implementation of nuclear

energy utilization.

The BAPETEN status, tasks, function, structure and organization were established in the
Presidential Decree No 76/1998. BAPETEN is established as a Governmental Agency, under and
directly responsible to the President of Indonesia and has the following functions:
• The rulemaking of national policy in the field of the control of nuclear energy utilization;
• The planning national programme in the field of the control of nuclear enrage utilization;
a The guidance and the rulemaking in the implementation of the nuclear safety, radiation safety,

and safeguards assessments;
Q The implementation of licensing and inspection to the development and the operation of nuclear

reactor, nuclear installation, nuclear material facility, radiation source, and the development of
nuclear preparedness;

a The implementation of cooperation in the field of the control of nuclear enrage utilization with
the Government agencies or other organizations either internally or externally to the Government
of Indonesia;

a The implementation of safeguards and State's system of accounting for and control of nuclear
material (SSAC);

Q The implementation of the guidance and counseling for the effort that related to the safety and
health of the worker and the people, and the effort of environmental conservation;

a The implementation of human resource development inside BAPETEN;
• The implementation of administrative direction, regulation, and control inside BAPETEN;
P The implementation of other tasks ordered by the President.

The construction and operation of nuclear reactors and other nuclear installations as well as
the decommissioning of nuclear reactors shall be subjected to licensing. The Control Board is
authorized to license nuclear reactor operators and certain designated employees in other nuclear
installations or those using ionizing radiation sources. Such employees will include radiography
experts and operators, radiation protection officers, dosimetry officers and maintenance officers. The
licensing process shall include examinations. The requirements and procedures of the licensing
process will be further detailed in government regulations. The law provides for the inspection of
nuclear installations and any installation that applies ionizing radiation by the Control Board with the
aim of controlling fulfillment of the requirements in the licensing process and regulations in nuclear
safety. Such inspections shall be carried out by an inspector appointed by the Control Board and the
results of such inspections shall be transparent and published.

3. RADIOACTIVE WASTE MANAGEMENT

As stated earlier, Act No. 10/1997 on Nuclear Energy contains some provisions on radioactive waste
management that needs further elaboration and regulation. Article 1, for example, stipulates that
radioactive waste is defined as any radioactive material and any material as well as equipment that has
been contaminated by radioactive material or becomes radioactive due to the operation of a nuclear
installation and cannot further be used. In general, the basic principles underlying the law are that:
a Radioactive waste management shall be conducted to mitigate radiation hazards to the workers,

the public and the environment {Article 22 (1)};
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• Radioactive waste management shall be accomplished by the Executing Body, which may
designate a state or private company or cooperative to conduct commercial waste management
activities (Article 23);

a Users generating low and intermediate level of radioactive wastes shall be obliged to collect,
segregate, or treat and temporarily store the waste before its transfer to the Executive Body
{(Article 24(1)};

Further,
a The radioactive wastes storage, shall be subjected for fee and the amount of storage fee will be

stipulated by the Decree of The Minister of Finance (Article 26).
Q The transportation and storage of radioactive waste shall consider (observe) the safety of workers,

public and environment {Article 27 (1)}.
Q The provisions on radioactive waste management including the waste transportation and disposal

shall be further implemented by Government Regulation {Article 27 (2)}.

On high level waste management, the Act contains the following provisions:
a Nuclear material consist of nuclear ores, nuclear fuel and spent fuel. Spent fuel is considered high

level radioactive waste {Article 2(1) and its elucidation}.
Q Users generating high level radioactive waste shall be obliged to temporarily store the wastes for

the period not less than the life time of nuclear reactor" {articles 24 (2)}.

Article 25 stipulates the followings:
1. The Executing Body provides the final repository for high level radioactive waste.
2. The siting of final repository under paragraph (1) shall be stipulated by Government after

getting an agreement from the House of Representative of the Republic of Indonesia

Elucidation of Article 25 prohibits the use of any part of Indonesian territory by any foreign or other
country as a radioactive waste repository.

The provisions on high level radioactive wastes contained in Act No. 10/1997 on Nuclear Energy are
legal platform, from which the Government Regulation and Chairman BAPETEN's Decree on the
management of high level radioactive waste would be formulated.

There are three important guidlines that have to be followed, namely:
Q High level radioactive waste should be disposed some time later in a final repository;
• Final repository should be provided by Executing Body.;
Q The radioactive wastes from other countries shall not be allowed to be stored in Indonesia

Two basic objectives of safe waste disposal should be taken into consideration, namely:
Q To protect human being and his environment from harmful effects of radioactive waste;
• To dispose of the waste in such a way that the transfer of responsibility to future generations is

minimized.

One important feature that has to be followed in respect if final repository that a repository should be
design in such a way that emplaced fissile material will remain subcritical. If it is not the case than
liability for nuclear damage will be applied.

The proposed Government Regulation on Waste Management is aimed:
Q to minimize or to avoid any radiation hazard arises from the waste which will endanger the

workers, public and environment;
Q to clearly define the responsibility of licensee which generate radioactive waste;
a to set up the task and responsibility of the Executing Agency in respect of radioactive waste

management;
a to clearly state the role of the Regulatory Body.
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In addition, it will cover also the following features: The goal of the waste management,
classification of waste, waste transportation and storage, licensing and inspection process. The
proposed NECB Chairman's decree will concentrate on technical criteria.

4. LIABILITY FOR NUCLEAR DAMAGE

As stated earlier, the liability for nuclear damage will be applied for final repository of high
level radioactive waste containing nuclear spent fuel. The Nuclear Energy Law specifies the
distribution of liability for nuclear damage. Nuclear damage is defined in the law to be any damage
that can be in the form of loss of life, any personal injury, or damage to property, contamination and
damage to the environment which arises out of radiation or a combination of radiation with toxic,
explosive or other hazardous properties as a result of nuclear fuel criticality in a nuclear installation
or during transportation, including damage as a result of preventive measures and damage as a result
of or reinstatement of environmental measures. According to the Nuclear Energy Law third parties
are assured protection with an absolute liability system. The operator shall directly be the responsible
party and is liable for damages without any proof required from the third party, regardless of any
mistakes by the operator, except when the nuclear incident occurs as a direct result of an international
or non-international armed conflict or a grave natural disaster exceeding the established limit of the
installation's safety design. Hence the main principles in the liability systems are: absolute liability;
liability without fault; and no person other than the operator of the nuclear installation shall be liable
for nuclear damage. In addition, the liability limits are stated by the amount of compensation and the
period of time; and the operator shall be obliged to have liability coverage in the form of insurance or
other financial security.

5. PUBLIC INVOLVEMENT AND UNDERSTANDING

As is was stated earlier, the approval of the House of Representative of the Republic of
Indonesia has to be sought in respect of siting the final repository for high level radioactive waste
disposal. It is also recognized that the implementation of radioactive waste disposal is not exclusively
a matter of technology, but may also involve socio-political nature which may need to be considered.
Therefore it is important to take into account the public perception and understanding in repository
siting and development.
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Abstract
Studies on the sorption characteristics of radionuclides in geological media are closely related to the
safe disposal of radioactive wastes. That is way in the preliminary safety assessment of the near
surface repository for low- and intermediate level radioactive waste in Novi Han are implemented an
experimentally obtained sorption coefficients 137Cs and ^Co. The radionuclide release rates with
respect of the preliminary safety assessment are produced too. The mathematical models implemented
in the computer code are used for modeling and calculations of the processes connected with the
radionuclide migration for the generated leaching scenarios. The scenarios are chosen on the base of
analysis and combination of the possible features, events and processes and waste and engineer
barrier states as well as the human behavior component.
The implementation of the experimentally obtained sorption coefficients for 137Cs and 60Co is a step to
obtain the most realistic for the repository site results. The experiments are produced at the
laboratories of the Institute using the soil samples from the repository place.
A comparison of the transfer results of the indicated above radionuclides using the data from literature
sources and experiments are shown and discussed in the paper.

Introduction
In Bulgaria, near surface disposal facility for low- and intermediate level radioactive waste generally
consists of reinforced concrete vaults used for burying the solid and biological waste. One concrete
trench constructed initially only for disposal the waste from the accidents and used actually for
regularly solid waste. There is a special vault used for burying the spent sources and tanks for very
low active liquid waste. Tlie radioactive waste are low- level, but there are waste contain the long-
lived radionuclides such as i4C, 226Ra, 239Pu and 24lAm. The natural and engineered barriers along with
the waste form retard the migration of radionuclides into the biosphere by isolating them within the
facility. However, prolonged future contact of the wastes with infiltrating water and groundwater
could dissolve the wastes and transport them into the biosphere. Hence, the performance assessment
of a near surface facility requires evaluation of radioactive escaping from the facility and its
subsequent migration into the groundwater.
In this study the migration of radionuclides from the each of the disposal units has been evaluated
using mathematical models implemented into the computer code AMBER [1]. The disposal units are
built 3 - 5,5m above the water table and the zone between the bottom of the facilities and water table
is considered as unsaturated zone. The processes considered are water infiltration into the facilities,
radionuclide leaching from the waste form, release and penetrating, advection-disperssion migration
in the groundwater, sorption and radioactive decay during transit. The models simulate the
concentration of radionuclides in the different environmental elements as well as they compute the
release rates of radionuclides from the facilities to the unsaturated zone and aquifer, and subsequent
transfer to the drinking water, soil, vegetables, animals products [2]. Here are presented only the
results about transfer fluxes of the i37Cs and 60Co using different sets of the sorption coefficients.
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Short description of the disposal facilities and radioactive waste features
It is considered that the disposal units are constructed from reinforced concrete and they are located
above the water table for minimizing the possibility of water penetration from the aquifer into the
facilities. There are other additional types of the engineered barriers such as the steel lining, bitumen
isolation and brick wall but because there is not a system for visualization of their integrity in side no
assumed any credit for them in the calculations. The radioactive wastes disposed in the repository are
low and intermediate level activities without any treatment and conditioning, except the biological
wastes-treated with the formaldehyde and gypsum and spent sources that are encapsulated with
ceramic or metal form. Generally the waste form are encased only in plastic bags.

The initial inventory of l37Cs and 60Co of the disposed waste in the repository that are used in the
calculations are presented in Table 1.
Table 1. Initial Radionuclide Inventory [Bq]
Radionuclide

I37Cs
60Co

Disposal Unit for
Solid Waste
5,088.10"
2,311.10"

Disposal Unit for
Biological Waste

1,332.10"
2,22.1010

Concrete Trench

9,25.10"
9,25.10"

Disposal Unit for
Spent Sources

6,118.1013

l,457.1013

Models formulation and implementation
The conceptual models in accordance with the formulated goals and features of the repository have
been generated and used in the calculation. The main topics concerning this paper are to present:

• The contaminant release media and mechanisms;
• The contaminant transport media and mechanisms;

The infiltration of water into the facilities is assumed to occur from the top and the rate of infiltration
is calculated as function of rainfall, evaporation and runoff. The infiltrating water is assumed to flow
in a downward direction. The source term modeling for the leaching scenarios, an expression is given
to evaluate the amount of radioactivity, which is leached from the disposal and subsequently enters
the geosphere. The geosphere modeling for the leaching scenarios have been made through the
expression of the delay which produced by the unsaturated zone, and through the general advection-
dispersion equation which governs the overall transport. Releases from the disposal units are
uncertain, owing to limited information about the geochemical conditions in the vaults. This
uncertainty is managed by neglecting most chemical barriers to release from the vault. The
contamination is assumed to be on solid surfaces, with releases limited only by sorption. This
assumption is almost certainly unrealistic for some of the wastes. In particular, activity associated
with spent sources is likely to be distributed in a matrix, and may well be limited by the behavior and
interaction between Pu and the ceramic material. However, at this stage of the safety assessment, such
processes have been omitted. Under these conditions, the activity of radionuclide remaining on the
vaults as a function of time is given by:

( ) {
where A(0) is the initial activity, X is the radionuclide decay constant and a is the inverse of the
vertical travel time of a radionuclide through the disposal unit. The expression of a is:

a- H{e+PKd)

In this equation H is the vertical dimension of the disposal unit, p is the bulk density of the waste, Kj
is the linear sorption isotherm, 6 is the moisture content in the disposal unit and / is the annual
infiltration rate into the vault. This equation is valid when it is assumed that the vault is well mixed
and that the waste is uniformly distributed. It is necessary to note that this assumption is equivalent to
an assumption of infinite dispersion in the disposal unit. The investigations of [3] and [4] show that
this assumption may lead to underestimation of releases, but no more than 10-20%. In the absence of
the site-specific data the infiltration rate has been assumed to be 20% of the annual rainfall in
accordance with the investigations of [3] and [4]. Based on the average of the long time rainfall data,
infiltration at the site is assumed to be 0.13 m/yr.
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Radionuclide transport in the unsaturated zone has been simply modeled as a delay time (time buffer
used by a decay function). The travel time tumal necessary for a contaminant to transport vertically
through the zone (Hunxa, is the unsaturated zone thickness) is given as:
*unsat ~ " imsat I "un.wrt

The contaminant velocity Vmsal [m/y] in saturated zone can be expressed as:
Vunsal = lj{6u +pKd), where 9uis the moisture content in the unsaturated zone [-].
The radionuclide transport in the aquifer is represented by a series of 10 well-mixed compartments
with advection, dispersion, and diffusion occurring between them. It was used approach applied from
[5] for evaluating the transport in groundwater system. This approach has demonstrated excellent
agreement in comparison with the analytical solutions. It was assumed that there is no a lateral
transverse dispersion, so the plume does not spread as it moves downgradient. In additionally it is

supposed that the vertical dispersion is sufficient to produce a uniform concentration vertically in the
aquifer at the point of water abstraction.
The advection flow Faiiy [m/y] between compartments / andy is expressed by advective velocity Vdy by
area between these compartments Sy [m2], and by radionuclide concentration C, [Bq/m3] in this model
as following:
FadiJ =0VdSjjCj, where the Darcy's velocity Vd =-KdH/dx is expressed as a function of the

hydraulic conductivity K [m/y], and the hydraulic gradient SI/3c[-].
The diffusive and dispersive exchanges between compartments in this model depend only on the
characteristics of the compartment, which transfers the radionuclides. In case that the transport
processes is controlled by diffusion process then the flux between the compartments / and j can be
expressed as:
Fm=-6DiSijdCildx

The dispersion-diffusion coefficients D> in compartment i [m2/y] is determined by the Darcy's
velocity and by the longitudinal dispersivity at [m] as D = aLVd.

It is clear that there is the similar flux in the opposite direction. In the model these fluxes are
represented as "forward" and "back" dispersion.

Experimental features and results
One important factor in the modeling of the migration of trace elements is their sorption on the
exposed solids; usually described by the distribution coefficient, Kd. Laboratory measured
distribution coefficients provide important information for the transport models. From the distribution
coefficient a retention factor, giving the relation between water velocity and nuclide velocity, may be
determined.
Sorption measurements may be performed according to two different principles. Static measurements
(batch) allow studies of sorption kinetics as well as of the importance of chemical factor [6].
The mineralogical and element composition of the geological matrix is determined as well as the
composition of the ground water. Batch measurements were performed in glass vials where 0.3g of
the sieved clays (were washed and preequilibrated with the water phase for 2 weeks) at 1/100
solid/liquid ratio. A small volume of radionuclide stock solution (o.lml) was added AND pH adjusted
if necessary, and the vials were gently shaken until the time of 7-30 days. Before sampling the vials
were centrifuged at high speed for one hour. The aqueous phases of the samples were counted for
radioactivity and pH was determined. The experimentally obtained sorption coefficients used in the
calculations are:
- for 137Cs-Kd= 0,79 mVkg;
- for 60Co-Kd= 2.03 m3/kg.
In the realized experiment the soil sample and ground water from the repository place are used.
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Results and discussion
To predict the migration of radionuclides, sorption mechanism and kinetics are of importance. When
the sorption process is simulated for a long initial period (like the experiment used here - 30 days)
that corresponds to a slow increase of the sorption with time. Results of the preliminary assessment
are produced also for different sets of the hydraulic site parameters and sorption coefficients. Here are
presented the radionuclide flux at the 10th cell of the modeled aquifer with high set of parameters -
hydraulic conductivity = 255 m/yr. and gradient = 0.02) and using the minimum values of the sorption
coefficients from [7], which are:
- for l37Cs-Kd = 0,05 m3/kg;
- for60Co-Kd=0,05m3/kg.
At this paper are presented the results of the radionuclide transfer fluxes from the calculations using
the two combinations of hydraulic parameters and sorption coefficients of 137Cs and 60Co that are
shown at the Figures 1- 4. The results show that the radionuclide fluxes at this modeled cell of the
aquifer (the distance is about 1000 m) have very low values. The results are reasonable, because the
l37Cs and 60Co are radionuclides with a short lifetime and the distance is enough long. The
radionuclide fluxes obtained using the experimentally data of the sorption coefficients are smaller
because these coefficients are bigger then the coefficients from the literature sources in times and also
here are presented the results of the high set of the hydraulic parameters. The calculations with a low
set of hydraulic parameters (hydraulic conductivity = 22m/yr and gradient 0.015) are lower.
Something more the fluxes of 60Co are lower than 10"50 Bq/yr. and are not presented here.
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Abstract

ENRESA and ENUSA have dismantled and restored a uranium mill in Andujar (Andalucia), a
uranium facility based on open pit mining and plant in La Haba (Extremadura) and 19 old uranium
mines in Andalucia and Extremadura. The Andujar Uranium Mill was operated from 1959 to 1981
and has been restorated between 1991 and 1994. The site included the tailings pile and the processing
plant. The Haba Uranium Site included the Plant (operating from 1976 to 199), four open-pit mines
(operating from 1966 to 1990), the heaps leaching and the tailings dam and has been restorated
between 1992 and 1997. The 19 abandoned uranium mines were developed by underground mining
with the exception of two sites, which were operated by open pit mining. Mining operations started
around 1959 and were shutdown in 1981. There was a great diversity among the mines, in terms of
site conditions. Whereas in some sites there was little trace of the mining works, in other sites large
excavations, mining debris piles, abandoned shafs and galeries and remaining surface structures and
equipment were encountered.

1. DESIGN OBJECTIVES

1.1 Uranium Mills

Primary objectives for the Andujar and La Haba sites were the following:

Dispersion and stabilization control, to ensure confinement and long-term stability of tailings
and contaminated materials.
Erosion control to prevent surface water contamination and ensure long-term integrity of the
closed-out facilities.
Radon control to reduce radon emissions.
Groundwater protection to prevent groundwater contamination by rainfall water infiltration into
the tailings.

1.2 Uranium Mines

Primary objectives for mines remediation were the following:

Minimize risks to the public health and the environment.
Prevent inadvertent intrusion into mines and waste rock piles.
Restore the mining sites to simulate initial conditions as closely as possible.
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2. DESIGN CRITERIA

2.1 Uranium Mills

Design criteria used for the remediation activities were as follows:

Dispersion Control: prevent inadvertent human intrusion and dispersion of contaminated

materials by wind and water erosion.
Long-Term Radiation Protection: achieve an effective equivalent dose to the individual in the
critical group below 0.1 mSv/year for Andujar and the radiation background of the zone for La
Haba.
Design Life: remain stable for 1000 years to the extent reasonably achievable and in any case
for at least 200 years.
Soil Cleanup: reduce the residual concentration of radium-226 in land, averaged over and area
of 100 m2, so that the background level is not exceeded by more than 195 mBq/g (5pCi/g)
(averaged over the first 15 cm soil) and is less than 555 Bq/g (15 pCi/g) (averaged over 15 cm
thick layers of soil more than 15 cm below the surface).
Radon Control: reduce radon flux over the surface of the final pile to an average release rate of
less than 740 mBq/m2.s (20 pCi m2.s) in Andujar and 1000 mBq/m2.s (27 mCi/ m2.s) in La
Haba.
Groundwater Quality Protection: control groundwater contamination so that background water
quality or maximum concentration levels (in accordance with Spanish regulations and CSN
guidelines for radioactive constituents) are achieved in the long-term.
Long-term Maintenance: minimize the need for long-term maintenance.
Construction Works: minimize hazards to the workers and the environment.
Regulations: comply with other applicable and relevant Spanish regulations governing air and
water quality in non radiological aspects.

In addition to the above design standards, a performance standard has been established:
groundwater quality must be monitored during the compliance period (10 years for Andujar and 5
years for La Haba) to confirm adequate performance of the cover and compliance with the maximum
concentration limits.

2.2 Uranium Mines

Standards of design criteria to be achieved in the remediation were less prescriptive than for the
mill sites, reflecting the lower level of radiological risks associated with the mines. These criteria may
be summarized as follows:

Dispersion and intrusion control: prevent inadvertent human intrusion into mines and
dispersion of mining debris.
Radon control: reduce radon flux and radon concentration over the site to background levels.
Radiation control: reduce gamma radiation to background levels.
Stabilization control: ensure long-term stability of waste and rock piles, open-pits and mine
workings.
Water Quality Protection: minimize contact between water and waste rock piles and prevent
access to mine waters.
Restoration: restore disturbed areas, mitigate environmental impacts and integrate the
remediated site into de landscape.
Construction works: minimize hazards to the workers and the environment.

A compliance period of one year has been established to confirm adequate performance of the
adopted solutions.
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3. ENGINEERING FEATURES

3.1 Andujar Site

The final pile configuration has been designed to minimize the movement of tailings and the
size of the restricted disposal area. The pile was constructed with 4% top slopes and 20% side slopes,
providing sufficient static and dynamic slope stability without requiring excessively large orcks to
resist erosion. Protection against upland watershed runoff was provided by channelling runoff and
away from the pile via drainage diversions walles along the perimeter of the pile. Protection against
floods associated with the Guadalquivir river was provided by a rock apron around the perimeter of
the pile and riprap layers on the sideslopes. The pile was covered with a multilayer system to meet the
three simultaneous demands of erosion control, infiltration and radon control. The top slope cover
consists of, from top down, a 500 mm vegetation growth and desiccation protection zone of random
soil; a 250 mm filters of clean sand; a 300 mm biointrusion barrier of coarse rock; a 250 mm drawn of
clean sand; and a 600 mm radon an infiltration barrier of silty clay. The most significant benefits of
this cover are its ability to deal effectively with vegetation and to reduce infiltration to the cell
because of effective evapotranspiration. From top down, the sideslope covers consist of 30 mm of sol
to migrate into the rock and help support vegetation; a 300 mm erosion barrier of coarse rock.soil
matrix; a 500 mm vegetation growth and desiccation protection zone of random soil; a 250 mm filter
of clean sand; a 300 mm biointrusion barrier of large rocks; a 250mm rain of clean sand; and a 600
mm radon and infiltration barrier of silty clay. The advantages of this cover include protection of the
radon infiltration barrier from desiccation and the existence of a controlled zone (the random soil) for
vegetation that might establish through the riprap and help reduce the visual impact of the remediated
pile.

Decommissioning of mill facilities and buildings involved the dismantling of the equipment and
process facilities, the demolition of the buildings, the reduction of metal waste and demolition debris
to manageable pieces, the cementation of the metal wastes and the disposal of dismantling and
demolition wastes in the tailings pile. The major activities involved were decontamination/cleanup,
dismounting and cutting of the equipment, demolition of structures, transportation of debris to the
tailings pile and confinement in a cement matrix. Special containers were used to facilitate handling,
transportation and cementation of the metal wastes. Cementation proved to be a cost-effective
operation and provided a more stable structure to the wastes than the conventional alternative of
mixing and compacting with the tailings.

3.2 La Haba Site

A part of the Waste Rock Disposal (5 x 1061) has been stabilized in situ, the other part (4 x 106

t) has been transported and used for backfilling of the open pit mine. The heaps with low ore grade
(less than 300 p.p.m. of U3O8) have been taken to the open pit mines and the others have been carried
to the tailing dam. All the scrap components coming from both, the equipment disassembling and the
soil clean up of the plant have been taken to the tailings dam. The wastes stored in the tailings dam
have been the following:

100.000 tons of tailing,
150.000 tons from the heaps leaching depleted,
20.000 m3 scrap material from the plant disassembling.

The multi-component cover incorporates the following components:

A layer of 3,00 m thickness including depleted ore from the heaps leaching.
And infiltration and radon barrier 1,50 m thickness consisting in waste rock from the mine.
This material contains about 30% of clay.
A layer of about 0,50 m thickness with gravel to drain water
The top soil cover with vegetation of 0.30 m thickness.
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Abstract
Hospitals are producers of great amounts of all kind of waste, including dangerous

waste. The dangerous waste can be toxic, biological, radioactive, or a mixture of several
kinds. There are clear procedures how to store and treat every kind of waste separately,
according to its characteristics. Radioactive waste should be disposed only to a central
radwaste disposal site. If the radioactive waste is mixed with biological waste, and contains
long half-life isotopes, it should be neutralized from biological hazards before disposal to
radwaste storage site. If the waste contains short half-life isotopes, it should be stored in a
proper intermediate storage facility till a complete decay of the radioactive elements, and
then treated as not radioactive. The existing procedures are old and a new proposal for
radwaste procedures was prepared but not implemented.. After several repetitive violations
of the old regulations by some hospitals, it was decided to advance the implementation of
the new proposal. This proposal consists of a detailed procedures for segregation, storage,
decay and disposal of radwaste. It is based on the new recommendations of the IAEA. The
responsibility for implementing the regulations is on the producers of the waste. This paper
summarizes the violations and describes the main recommendations for improving
procedures. The competent authority used moderate enforcement steps because of the delay
in the implementation of the new procedures. As a matter of fact, the competent authority
concluded that it's own investigation procedures should improve, but we shall not discuss it
in this paper.

1. INCIDENTS

An employee of a landfill saw that untreated biological waste was brought to the landfill. He
was worried and decided to tell it to a journalist The journalist made a secret investigation to
verify this information. He found that in several occasions, the biological waste was disposed
untreated. Usually, after treatment, the biological waste is milled and then disposed. The
journalist saw that biological waste was brought to the landfill in the same pckages as it was
picked up from the hospitals. There were suspicions, based on "information", that mixed
biological and radioactive waste was brought too to the landfill. Although inspections in the
landfill revealed no negative findings, it was decided to monitor the waste that was brought
to the treatment plant. A special investigation committee investigated the journalist findings.
One of the conclusions of the committee was to carry out constant inspections in the
treatment plant, in order to inspect the waste and supervise work procedure. This inspector
is an employee of the Ministry of Health in order to be completely independent. During first
five months of activity, this inspector found 11 incidents where radioactive waste was
brought to the plant.
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Table I: List of incidents
Institute

A
B

C
Dl

D2W

E

G

Times

3
2

1
1

1
1

1
1

Radioisotope
involved

99mTc

Mix of 9ymTc,
201T l j67G a

6 /Ga
Mix of 9ymTc,

201T1?67Ga

Mix of 9ymTc,
201T l67G a

Th-Nitrat
133Xe

Activity
(Bq)

20GBq

Dose rate
(fiSv/h)

0.34-1.25
0.3-1.0

0.75
3.0

0.5

2. DETAILED DESCRIPTION

Incident #1:
Nature: On 4.3.99 a sealed package of 29 GBq of 133Xe was brought to the treatment plant.
It was found simply by reading the lable. Since the inspector had no radiation counter, no
radiation survey was made.
Causes: After long time of storage and no use of, a worker decided to dispose it. Instead of
putting it in the intermediate radwaste site he put it with biological waste.
Actions taken: No one notified the competent authority. The package was sent back to the
owner in order to send it to a radwaste disposal site.

Incidents #2, #7, #11:
Nature: On 21.3.99,4.7.99 and 8.8.99 waste of the same nuclear medicine department
containing ""Tc was brought to the plant. While incident #2 occurred the inspector still did
not have radiation counter but he could read the radioactive signs and warnings. After this
incident, the competent authority lent a radiation counter to the inspector. So in other
incidents he could made a survey of the waste. The maximum radiation measured in these
incidents was 1.25 u.Sv/h.
Causes: A worker of the nuclear medicine department knew that the radiation was higher
then it should be. He decided to dispose it hoping that till the waste will arrive to the plant the
radiation will be low. The procedures in this institute are good usually, and the radwaste is
decayed before disposal.
Actions taken: The radwaste was returned to the producer for further decay. It cost him
some money. Since, for the time being, fine penalties cannot be imposed, it was kind of a
substitute.

Incidents #3, #5, #8, #10:
Nature: On 9.6.99,24.6.99,13.7.99 and 3.8.99, waste of three different nuclear medicine
departments containing 99mTc, 201Tl and 67Ga was brought to the plant. Maximum radiation
measured was 3.0 (a.Sv/h.
Causes: Violations of regulation made by untrained workers and no supervision by Radiation
Safety Officer.
Actions taken: The radwaste was returned to the producer for further decay. It cost him
some money. Since, for the time being, fine penalties cannot be imposed, it was kind of a
substitute.
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Incident #4:
Nature: On 13.6.99 waste was brought to the plant packed in a radwaste package and signed
with the international radioactivity sign. Radiation survey showed no change comparing to
the background radiation. The Radiation Safety Officer came to the plant and took back the
package. He made an investigation and concluded that the package contained only biological
waste with no connection to radioactivity.
Causes: Untrained worker used the wrong empty package.
Actions taken: Regulations updating, training to all relevant workers.

Incident #6:
Nature: On 2.7.99 a sealed package of Thorium-Nitrate was brought to the plant.
Causes: The material was about 20 years in the laboratory. It was never used. During
cleaning and rearrangement of the laboratory, all old or unused material were disposed. By
mistake this material arrived to the biological waste treatment plant.
Actions taken: The packaged was returned to the sender in order to send it to radwaste
disposal site.

Incident #9:
Nature: On 29.7.99 a waste containing small quantity of 67Ga was brought to the plant.
Radiation was 0.75 piSv/h.
Causes: The material was injected to a patient not in the nuclear medicine department, by an
untrained young phisician. The waste was considered as biological and not as radioactive.
Actions taken: Procedures updating, training and suspension of relevant activities to end of
training.

3. GENERAL PRINCIPLES

3.1 Objective
For the specific problems described above, the objective of regulations is to provide

essential guidelines on: Minimization and segregation of Low-Level Radioactive Waste
(LLRW) generated by the application of radionuclides in medical treatment and research,
comprising a wide range of sources.

3.2 Minimization and Segregation
Waste Minimization and Segregation are essential components to ensure that the

activity and the volume arising from any practice are kept to a minimum reasonable level.
The Management of Segregate Waste comprise some steps, as handling, treatment,
conditioning, interim storage, transport and final disposal. These steps will be more effective
if appropriate procedures and operational techniques take place. For this purpose it is
necessary to characterize and segregate the waste into suitable categories carried out at the
point of origin. Every department shall maintain its ionizing radiation source inventory at a
minimum and remove material that is no longer required by:
a. disposing of the low level waste without delay;
b. placing into short term storage in the medical, biological or chemistry waste store,

any material which is medium term waste and may be disposed of after a period of
storage not longer than one year;

c. placing in the long term store any material that cannot be disposed of within one
year.
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3.3 Solid Low-Level Radioactive Waste (LLRW)

Most of the low-level radioactive waste (LLRW) generated in industry, medicine,
and research institutions is in dry solid form such as cardboard, paper, plastic, cloth and
glass. Typical LLRW are:

Table II: Types of Solid LLRW Waste

Combustible waste

Non-Combustible waste

Biological waste

Sealed sources

Compatible

Non-Compatible
Compatible

Non-Compatible

wet

dry

damp

Tissues, swabs, paper, cardboard, plastics,
rubber, gloves, protective clothes, filters
Carcasses, wood,
Glassware, metallic items, scrap, brick,
plastics (PVC), etc.
Carcasses, excreta, radium needles,

Absorbent materials, tubes/vials with liquids,
dressings
Tissues, gloves, disposable plastics, animal
bedding, sharps, metallic items, glassware
Human or animal tissues, organs, limbs, animal
carcasses, cultures, faeces

Consumer Products
Spent Sources Tm <90 d
Spent Sources T1/2 >90 d

Smoke detector, timepieces, etc.
Calibration sources, 1-125, Ir-192, etc.
Calibration sources, Po-210,
Co-60, s-137, etc.

All categories may not always be applicable. For example segregation of combustible
and non-combustible waste is relevant only if there are suitable incinerators available.

4. MANAGING LLRW WASTE
Predispose management in this document includes handling, treatment, conditioning

and interim storage of solid segregated waste. Figure 1 presents a block diagram provides the
strategies and steps necessary, based on a combination of three sites, at Users' installations,
at a centralized waste processing and storage facility or disposal.

5. LABELING OF RADIOACTIVE WASTE FOR STORAGE

The information listed bellow should be included on the labels of radioactive waste
packages, and also entered into a system of clear, permanent and legible records; together
with the diagram block it will be helpful for planning the interim storage of each user.

5.1 Label Content
a an informative description of the waste:
b details of its origin;
c physical, biological and chemical characteristics;
d radionuclide inventory;
e radiation level;
f package volume and weight;
g details of other specific hazards, i.e. infectious;
h further details relevant to additional treatments necessary before the waste

is sent for storage or final disposal;
i name, signature of responsible person.

5.2 Caution Radioactive Material Sign
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5.3 Tag Structure
a TAG NUMBER:
b DATE:
c DEPARTMENT:
d NAME:
e DESCRIPTION OF WASTE:

RADIONUCLIDE CHEMICAL FORM ACTIVITY kBq

TOTAL:

[1]

[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

SIGNATURE

References
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Minimization and segregation of radioactive wastes - IAEA TECDOC 652, July 1992.
Treatment and conditioning of radioactive organic liquids - IAEA TECDOC 656, July
1992.
Handling, treatment, conditioning and storage of biological radioactive wastes - IAEA
TECDOC 775, December 1994.
Reference design for a centralized waste processing and storage facility - IAEA
TECDOC 776, December 1994.
Reference design for a centralized spent sealed sources facility - IAEA TECDOC 806,
July 1995.
Clearance levels for radionuclides in solid materials - IAEA TECDOC 855, January 1996
(Interim report for comment).
Handling, treatment, conditioning and storage of radioactive waste from medicine,
industry and research - IAEA AGM, February 1996 (Draft form).
Requirements and methods for low and intermediate level waste package acceptability,
IAEA TECDOC 864 , February 1996.

[10] Conditioning and interim storage of spent radium sources, IAEA TECDOC 886, June
1996.

[11] Clearance of materials resulting from the use of radionuclides in medicine, industry and
research - IAEA TECDOC 1000 - February 1998.
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Fig. 1: Diagram block on Waste Segregation and Management from Users of Medicine
and Research
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Abstract

The ECE Convention on Environmental Impact Assessment in a Transboundary Context (EIA
Convention) is the first multilateral treaty to specify the procedural rights and duties of Parties with
regard to transboundary impacts of proposed activities and to provide procedures, in a transboundary
context, for the consideration of environmental impacts in decision-making. The EIA Convention,
elaborated under the auspices of the United Nations Economic Commission for Europe (ECE), was
adopted at Espoo, Finland, in February 1991. Obligations stipulated, and measures and procedures
provided for in this Convention are described.

1. INTRODUCTION

The ECE Convention on Environmental Impact Assessment in a Transboundary Context (after
this called the EIA Convention) is the first multilateral treaty to specify the procedural rights and duties
of Parties with regard to transboundary impacts of proposed activities and to provide procedures, in a
transboundary context, for the consideration of environmental impacts in decision-making procedures.
The EIA Convention stipulates the obligations of Parties to assess the environmental impacts at an

early stage of planning. The EIA Convention prescribes measures and procedures to prevent, control
or reduce any significant adverse effect on the environment, particularly any transboundary effect,
likely caused by a proposed activity or any major change to an existing activity. The EIA Convention
stipulates that an EIA procedure as provided for in this Convention has to be undertaken for a proposed
activity planned by one Party, which is likely to have a significant transboundary impact within an area
under the jurisdiction of another Party. Activities which could have a significant impact on the
environment are covered by the EIA Convention in its Appendix I.

The EIA Convention includes a preamble, twenty articles and seven appendices. The
preamble sets out the underlying principles of the EIA Convention, such as the interrelationship
between economic activities and their environmental consequences, the need to ensure environmentally
sound and sustainable development, the need to give explicit consideration to environmental factors at
an early stage in the decision-making process and to use EIA as a necessary tool to improve the quality
of the information presented to decision makers. The preamble also stresses the need and importance
of developing anticipatory policies and of preventing, mitigating and monitoring significant adverse
transboundary impact.

The EIA Convention, elaborated under the auspices of the United Nations Economic
Commission for Europe (ECE), was adopted at Espoo (Finland) on 25 February 1991. By January
2000 twenty countries and the European Community had deposited their relevant instrument with the
Secretary-General of the United Nations. In accordance with Article 18 of the Convention, it has
entered into force on 10 September 1997.
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Parties must apply the provisions of the EIA Convention when two requirements are met.
According to Article 2, a Party has to take the necessary legal, administrative or other measures to
implement the provisions of this Convention, such as the establishment of an EIA procedure that
permits public participation and the preparation of the EIA documentation according to Appendix II,
for (i) proposed activities listed in Appendix I to the EIA Convention and (ii) which are likely to cause
a significant adverse transboundary impact.

1.1. Proposed activities listed in Appendix I

Article 1 contains the definitions. The definition of "proposed activity" comprises not only
new or planned activities but also "any major change to an activity". The EIA Convention does not
define what a major change is and the decision of whether the EIA Convention should be applied in a
specific situation will therefore be partly based on judgement. The basic criteria for that judgement
could be that the existing activity subject to a major change is included in Appendix I to the EIA
Convention and that the authorization from a competent authority is required for that change. An
example of a major change may include the construction of additional disposal capacities in a waste-
disposal installaiton for the incineration, chemical treatment of landfill of toxic and dangerous wastes.
Consideration would also have to be given to a change in investments and production (volume and/or
type), physical structure or emissions. Although Article 1 (vi) defines "environmental impact
assessment" as a national procedure for evaluating the likely impact of a proposed activity on the
environment, it can be concluded that the EIA Convention includes international standards, for
instance for the content of EIA documentation as well as procedures for public participation. For the
purposes of this article, it is important to mention that Appendix I includes activities such as:

Thermal power stations and other combustion installations with a heat output of 300
megawatts or more and nuclear power stations and other nuclear reactors (except research
installations for the production and conversion of fissionable and fertile materials, whose
maximum power does not exceed 1 kilowatt continuous thermal load;

Installations solely designed for the production or enrichment of nuclear fuels, for the
reprocessing of irradiated nuclear fuels or for the storage, disposal and processing of
radioactive waste; and

Waste-disposal installations for the incineration, chemical treatment or landfill of toxic and
dangerous wastes.

Many activities listed in Appendix I to the EIA Convention are fairly well defined. However,
the words "major", "integrated" and "large" are also used to set a threshold for several activities in
Appendix I to this Convention. This wording suggests that the EIA Convention applies only to a
subset of all possible units of activities under consideration. More specific thresholds for "major",
"integrated" and "large" could be found by examining the frequency distribution of activities relative to
their size (measured in appropriate units). Difficulties in determining thresholds may arise due to the
differences in environmental, social and economic conditions in a geographical area under
consideration for the purposes of the EIA Convention. Despite many difficulties, specific thresholds
would serve as useful initial guidance in the application of the EIA Convention. It must be decided
whether an activity is referred to in the list of proposed activities in Appendix I to the EIA Convention,
before the significance of the likelytransboundary impact can be considered.

1.2. Significant impact

The EIA Convention describes an "impact" as any effect caused by a proposed activity on the
environment including human health and safely, flora, fauna, soil, air, water, climate, landscape and
historical monuments or other physical structures or the interaction among these factors. It also
includes effects on cultural heritage or socioeconomic conditions resulting from alterations to those
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factors. It seems that some countries lack experience with the latter part of this definition, as these
types of effects have only recently been introduced in relevant legislation. The definition of
"transboundary impact" explicitly excludes impacts of a global nature and therefore concentrates on
impacts of a local or subregional character in the ECE region. The reference to "air", "human health
and safety" and "water" in the definition of impact and the description of the content of the EIA
documentation as included in Appendix II could lead to the conclusion that a so-called risk assessment
has to be undertaken for a proposed activity as part of the EIA procedure as laid down by the EIA
Convention.

The consideration of the "significance" of an adverse transboundary impact will always be part
of the decision to apply the EIA Convention. Criteria on the significance of any impact should be set
in a general decision-making framework. In some cases, it may be possible to establish generally
acceptable criteria on significance. Mostly, however, the conclusion that an adverse transboundary
impact is likely significant would be based on a comprehensive consideration of the characteristics of
the activity and its possible impact. An element of judgement would always be present. At the
national level, various approaches to determining the significance of an impact has been developed in
ECE countries. They are described in the ECE publication "Policies and Systems of Environmental
Impact Assessment" [1]. Within a country, detailed criteria can be applied taking into account the
national EIA legislation, administrative practices, and environmental conditions. In some countries,
particular criteria have been used to draw up lists of activities subject to an EIA at the national level.
These' so-called positive lists are usually more extensive that the one included in Appendix I to the EIA
Convention. The advantage of establishing and applying lists of activities, considered a priori to have
a significant adverse impact, is that both authorities and proponents know when an EIA has to be
carried out.

According to Article 2, paragraph 5, it is also possible to apply the EIA Convention to
activities not included in Appendix I. If the concerned Parties agree that one or more activities (not
listed in Appendix I) are likely to cause a significant adverse transboundary impact, they should be
treated as if they were listed. General guidance for identifying criteria to determine significant adverse
impacts is included in Appendix III and, although these criteria are clearly linked to activities not listed
in Appendix I, they might be expected to help settle the question of "significance". Article 2,
paragraph 7 of the EIA Convention requires Parties to undertake EIA following the provisions of this
Convention at the project level and calls upon Parties to endeavour to apply the principles of EIA to
policies, plans and programmes. Although the wording of this article clearly indicates that a Party is
not obliged to apply EIA to policies, plans and programmes, some countries introduced legislation a
number of years ago to arrange for the application of EIA to decisions at the plan level, for instance for
energy, waste management, water supply, and land use. Suitable approaches in this respect are
documented in the ECE publication "Application of Environmental Impact Assessment Principles to
Policies, Plans and Programmes" [2].

2. PROCEDURE

If a planned activity is listed in Appendix I to the EIA Convention and this activity is likely to
cause a significant adverse transboundary impact, the EIA procedure as indicated in this Convention
must be implemented. This procedure starts with a notification by the Party of origin to any Party that
it considers an affected Party as early as possible and no later than when informing its own public
about the proposed activity. The purpose of the notification under Article 3, paragraph 1, is to alert the
affected Party at the earliest possible stage to the fact that an activity likely to cause a significant
adverse transboundary impact is proposed, and to give the affected Party the opportunity of indicating
(under Article 3, paragraph 3) whether it wishes to participate in the EIA procedure. The earlier it is
given, the more useful the notification will be. The timing of the notification depends also on the time
that the authorities in the Party of origin become aware of the proposed project. The application of this
provision may therefore vary according to the procedural system in the Party of origin, especially as
regards the scoping procedure.
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3. PUBLIC PARTICIPATION

The EIA Convention contains three references to public participation. Article 2, paragraph 6,
includes a general reference to this issue and Articles 3 and 4 mention more specific parts in the EIA
procedure where the public has the right to participate. Article 3, paragraph 8, of the EIA Convention
requires the concerned Parties to ensure that the public of the affected Party in the areas likely to be
affected is informed of, and provided with possibilities for making comments on or objections to the
proposed activity and for the transmittal of these comments or objections to the competent authority of
the Party of origin. Similarly, under Article 4, paragraph 2, the concerned Parties shall arrange for
distribution of the EIA documentation to the authorities and the public of the affected Party in the areas
likely to be affected and for the submission of comments to the competent authority of the Party of
origin.

4. CONCLUSION

The EIA Convention is understood to be an innovative international legal instrument for
achieving sustainable development and for preventing, reducing and controlling transboundary
environmental impacts, in particular relatted radioactive waste disposal sites. The importance of this
legal instrument as an efficient tool to promote active, direct and action-oriented international
cooperation at the regional level is growing. The EIA Convention will halt the growing potential for
transboundary environmental problems, emanating due to the creation of new national frontiers. Now
that it is rapidly and efficiently implemented and complied with by many Parties.
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(DONE AT ESPOO (FINLAND), ON 25 FEBRUARY 1991)

(AS OF 31 AUGUST 1999)

COUNTRY

Albania
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Austria
Azerbaijan
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Belgium
Bosnia anil Herzegovina
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Canada
Croatia
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Creek Republic
Denmark
Estonia
Finland
France
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Greece
Hungary
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.Ireland
Israel
Italy
Kazakstan
Kyrgyzstan
Latvia
Liecntenstein
Litnuania
Luxembourg
Malta
Monaco
Netherlands
Norway
Poland
Portugal
Republic of Moldova
Romania
Russian Federation
San Marino
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
Tajikistan
The former Yugoslav Republic of
Macedonia
Turkey
Turkmenistan
Ukraine
United Kingdom
United States
Uzbekistan
Yugoslavia

* * * *

European Community

TOTAL

SIGNATURE

26.02.1991

25.02.1991

26.02.1991
26.02.1991

26.02.1991
26.02.1991

30.09-19932

26.02.1991

26.02.1991
26.02.1991

26.02.1991
26.02.1991
26.02.1991
26.02.1991
27.02.1991

26.02.1991

26.02.1991

25.02.1991
25.02.1991
26.02.1991
26.02.1991

26.02.1991
06.06.1991

28.05.19932

26.02-1991
26.02.1991

26.02.1991
26.02.1991
26.02.1991

26.02.1991

(29 + 1)

RATIFICATION1

04.10.1991

21.02.1997
27.07.1994
25.03.1999

02.07.1999

12.05.1995
13.05.1998
08.07.1996

14.03.1997

10.08.1995

24.02.1998
11.07.1997

19.01.1995

31.08.1998
09.07.1998

29.08.1995

28.02.1995
23.06.1993
12.06.1997

04.01.1994

05.08.1998
10.09-1992
24.01.1992
16.09-1996

31.08.1999

20.07.1999
10.10.1997

24.06.1997

27+1

1 Ratification, accession, approval, acceptance.

2 Succession to signature.
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Abstract:
The UN ECE Convention on Access to Information, Public Participation in Decision-making and
Access to Justice in Environmental Matters had been adopted at Arhus, Denmark, at the Fourth
Ministerial Conference in the 'Environment for Europe' process, and signed by thirty-five countries
and the European Community. This paper summarises the main features of the Convention and
briefly discusses its relevance to radioactive waste management issues. It then describes some of the
activities currently being undertaken under the auspices of the Convention.

1. INTRODUCTION

On 25th June 1998, Environment Ministers from throughout Europe and parts of Central Asia and
North America adopted a new regional Convention aimed at strengthening democratic accountability
in the field of the environment. The UN ECE Convention on Access to Information, Public
Participation in Decision-making and Access to Justice in Environmental Matters1 was adopted in the
Danish city of Arhus at the Fourth Ministerial Conference in the 'Environment for Europe' process,
and signed by thirty-five countries and the European Community. The Arhus Convention, as it is
known, aims to strengthen:

• rights of access to environmental information
• rights to participate in environmental decision-making
• rights of access to justice in environmental matters.

2. THE CONTENT OF THE CONVENTION

As its title suggests, the Convention contains three broad themes or 'pillars': access to information,
public participation and access to justice. However, before describing these, it is worth referring to a
number of important general features of the Convention.

2.1 General Features

Article 1, setting out the objective of the Convention, requires Parties to guarantee rights of access to
information, public participation in decision-making and access to justice in environmental matters.
It also refers to the goal of protecting the right of every person of present and future generations to
live in an environment adequate to health and well-being. Thus the Convention adopts a rights-based
approach, and these rights underlie the various procedural requirements in the Convention. The
Convention prohibits discrimination on the basis of citizenship, nationality or domicile against
persons seeking to exercise their rights under the Convention.

The main thrust of the obligations contained in the Convention is towards public authorities, which
are defined so as to cover governmental bodies from all sectors and at all levels (national, regional,
local, etc), and bodies performing public administrative functions. Privatised bodies having public
responsibilities in relation to the environment and which are under the control of the aforementioned
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types of public authorities are also covered by the definition. Bodies acting in a judicial or legislative
capacity are excluded. The definition of'public authority' also covers the institutions of regional
economic integration organisations which become a Party to the Convention. In addition, the
Convention contains a more general requirement on Parties to promote the application of its
principles within the framework of international bodies in matters relating to the environment.

The Convention establishes minimum standards to be achieved but does not prevent any Party from
adopting measures which go further in the direction of providing access to information, public
participation or access to justice. In order to promote compliance with the provisions of the
Convention, the Meeting of the Parties to the Convention is required to establish, on a consensus
basis, optional arrangements for reviewing compliance. Such arrangements are to allow for
'appropriate public involvement'.

Finally, the Convention is open to accession by non-ECE countries, subject to approval of the
Meeting of the Parties.

2.2 Access to Information

The information pillar (Articles 4, 5) contains the essential elements of a system for securing the
public's right to obtain environmental information on request from public authorities. These include a
presumption in favour of access unless the information requested can be shown to fall within a finite
list of exempt categories and a requirement that the information be provided within a limited
timeframe and without the imposition of unreasonable charges. The right of access extends to any
person, without his or her having to prove or even state an interest. Refusals, and the reasons for
them, are to be issued in writing where requested, again within a specified time-limit.

'Environmental information' is defined broadly, encompassing a non-exhaustive list of elements of
the environment (air, water, soil, etc.); factors, activities or measures affecting those elements; and
human health and safety, conditions of life, cultural sites and built structures, to the extent that these
are or may be affected by the aforementioned elements, factors, activities or measures.

Public authorities may withhold information where disclosure would adversely affect various
interests, e.g. national defence, international relations, public security, or commercial confidentiality.
There are however some restrictions on these exemptions, e.g. the commercial confidentiality
exemption may not be invoked to withhold information on emissions which is relevant for the
protection of the environment. In all cases, the exemptions may only be applied when the public
interest which would be served by disclosure has been taken into account.

The Convention also imposes active information duties on Parties. For example, Parties are required
to progressively establish pollution inventories and to make environmental information publicly
available in electronic databases which can be easily accessed through public telecommunications
networks. In emergency situations, public authorities are required to immediately provide the public
with all information in their possession which could enable the public to take measures to prevent or
mitigate harm arising from an imminent threat to human health or the environment.

2.3 Public Participation

The Convention sets out minimum requirements for public participation in various categories of
environmental decision-making (Articles 6-8). The most detailed of these apply to decision-making
on whether to license or permit certain types of specific project or activity listed in Annex I of the
Convention. The requirements may also apply to decision-making on other activities which may have
a significant effect on the environment.

The public participation requirements include timely and effective notification of the public
concerned; reasonable timeframes for participation, including provision for participation at an early
stage; a right for the public concerned to inspect information which is relevant to the decision-
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making free of charge; an obligation on the decision-making body to take due account of the outcome
of the public participation; and prompt public notification of the decision, with the text of the
decision and the reasons and considerations on which it is based being made publicly accessible. The
'public concerned' is defined as 'the public affected or likely to be affected by, or having an interest
in, the environmental decision-making', and explicitly includes NGOs promoting environmental
protection and meeting any requirements under national law.

Parties are also required to provide for public participation during the preparation of plans and
programmes relating to the environment. Such plans or programmes may cover not just those
prepared by an Environment Ministry, but also sectoral plans (transport, energy, tourism, etc) where
these have significant environmental implications. In addition, the Convention applies, in more
recommendatory form, to decision-making on policies relating to the environment, as well as to the
preparation by public authorities of executive regulations and other generally applicable legally
binding rules that may have a significant effect on the environment. Although the Convention does
not apply to bodies acting in a legislative capacity, this latter provision would apply to the executive
stage of preparing rules and regulations even if they are later to be adopted by parliament.

2.4 Access to Justice

The third pillar of the Convention (Article 9) aims to provide the public with access to review
procedures in three contexts:
- with respect to access to information;
- with respect to the decision-making referred to in the public participation provisions;
- with respect to breaches of environmental law in general.
Thus the inclusion of an 'access to justice' pillar not only underpins the first two pillars; it also points
the way to empowering citizens and NGOs to assist in the enforcement of the law.

The procedures in each of the three contexts referred to above differ in some respects but in all cases
are required to be 'fair, equitable, timely and not prohibitively expensive'. Decisions must be given or
recorded in writing, and in the case of court decisions, made publicly accessible. Assistance
mechanisms to remove or reduce financial and other barriers to access to justice are to be considered.

3. RELEVANCE OF THE CONVENTION TO RADIOACTIVE WASTE MANAGEMENT
ISSUES

It is beyond the scope of this paper to examine in any detail the relevance of the Convention to
radioactive waste management but it is clear that the application of the Convention could have a
significant impact in the area. As mentioned, the Convention's definition of environmental
information is very broad (see above) and would cover different aspects relevant to radioactive waste
(e.g. information on the levels of radioactivity in the environment, information on activities or
measures which might result in an alteration in those levels, or certain epidemiological information).

Similarly, the public participation provisions of the Convention would appear to apply to many
activities in the field of radioactive waste management. For example, Annex I, the list of activities to
which the more detailed public participation requirements of the Convention apply, includes a
number of activities which involve the generation or handling of radioactive wastes (e.g. nuclear
reactors, including their dismantling or decommissioning, nuclear reprocessing plants and certain
radioactive waste disposal and storage facilities).

Because the access to justice provisions are partly designed to underwrite the information and
participation provisions, radioactive waste issues are also affected by the third pillar of the
Convention. The Convention's provision concerning the possibility for certain members of the public
to have recourse to judicial or administrative review procedures to challenge alleged violations of
national law relating to the environment might also have a bearing on radioactive waste management
issues.

438



4. CURRENT STATUS OF THE CONVENTION

The Convention has 40 signatories (39 countries plus the European Community), four countries
having joined the original 36 signatories in the six-month period during which it was open for
signature.

Entry into force requires 16 countries to ratify or accede. Shortly after the adoption of the
Convention, the UN/ECE's Committee on Environmental Policy (CEP) set a goal of entry into force
in the year 2000. At the first meeting of signatories (Moldova, April 1999), representatives of more
than 20 countries reported plans which involved ratifying or acceding before the end of 2000. At the
time of writing (February 2000), two countries have ratified and two have acceded.

5. ACTIVITIES UNDER THE CONVENTION

The first Meeting of Signatories to the Convention took place in Chisinau, Republic of Moldova, in
April 1999. The meeting adopted a workplan aimed at preparing for the first Meeting of the Parties
and supporting countries in their efforts to implement the Convention.

Three task forces were established, dealing respectively with pollutant release and transfer registers
(lead country Czech Republic), genetically modified organisms (Austria) and the issue of a
compliance mechanism for the Convention (UK). Other issues discussed as possible candidates for
more detailed attention in the future were access to justice, electronic forms of access to information,
and public participation in policies, programmes, plans and legislation. Linked with this last topic,
some governments have subsequently suggested that a protocol to the Convention be developed on
strategic environmental assessment (SEA). The UN/ECE has commissioned a study on the feasibility
of various options for developing an ECE instrument on SEA, which will be discussed by the
relevant bodies under the Espoo and Arhus Convention as well as by the CEP at its seventh session
(September 2000).

An international workshop on public participation at the local level was hosted by the UK
(Newcastle, December 1999), and a training workshop on the Convention for both government
officials and NGOs in Central Asia is planned for May 2000.

An Implementation Guide on the Convention has been prepared as a joint project between UN/ECE,
the Regional Environmental Center for Central and Eastern Europe and the Danish Environmental
Protection Agency. The Guide, which will be published in the near future, is primarily aimed at
policymakers and politicians with responsibility for transposing the Convention into their national
legal systems.

NGOs have played a particularly active role during the negotiation of the Convention, to an extent
unprecedented in the development of an international legal instrument. Their constructive
involvement continues to be an important feature in the implementation.

A second Meeting of Signatories is scheduled to take place in Dubrovnik, Croatia, in early July 2000.

6. CONCLUSION

The Arhus Convention will very probably provide the main legal framework for strengthening
citizens' procedural rights in the sphere of the environment in the UN ECE region for the foreseeable
future. It may also serve as a useful model at global level, being the most far-reaching expression to
date of Principle 10 of the Rio Declaration.

Radioactive waste management is one of many issues with environmental and health implications
which are likely to be affected by the Convention.
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