
XA0103281-3^

INTERNATIONAL ATOMIC ENERGY AGENCY

International Conference on
'Management of Radioactive Waste from Non-Power

5-9 November 2001
Malta

y & / ^ fe IAEA-CN-87



The material in this book ahs been supplied by the authors and has not been edited.
The views expressed remain the responsibility of the named authors and do not
necessarily reflect those of the government(s) of the designating Member State(s).
The IAEA cannot be held responsible for any material reproduced in this book.



PLEASE BE AWARE THAT
ALL OF THE MISSING PAGES IN THIS DOCUMENT

WERE ORIGINALLY BLANK



CONTENTS

ORAL PRESENTATIONS

IAEA-CN-87/3 3
IAEA-CN-87/4 5
IAEA-CN-87/5 7
IAEA-CN-87/6 8
IAEA-CN-87/12 10
IAEA-CN-87/13 13
IAEA-CN-87/15 14
IAEA-CN-87/17 16
IAEA-CN-87/20 18
IAEA-CN-87/21 20
IAEA-CN-87/22 22
IAEA-CN-87/26 24
IAEA-CN-87/28 26
IAEA-CN-87/31 28
IAEA-CN-87/32 30
IAEA-CN-87/34 32
IAEA-CN-87/35 34
IAEA-CN-87/38 36
IAEA-CN-87/41 39
IAEA-CN-87/43 41
IAEA-CN-87/44 43
IAEA-CN-87/47 46
IAEA-CN-87/48 47
IAEA-CN-87/49 49
IAEA-CN-87/50 51
IAEA-CN-87/52 53
IAEA-CN-87/54 54
IAEA-CN-87/55 58
IAEA-CN-87/56 61
IAEA-CN-87/57 62
IAEA-CN-87/58 64
IAEA-CN-87/61 67
IAEA-CN-87/63 69
IAEA-CN-87/69 71
IAEA-CN-87/72 73
IAEA-CN-87/74 75
IAEA-CN-87/75 78
IAEA-CN-87/76 80
IAEA-CN-87/77 81
IAEA-CN-87/78 84
IAEA-CN-87/79 86
IAEA-CN-87/81 87
IAEA-CN-87/82 89
IAEA-CN-87/83 91
IAEA-CN-87/84 94
IAEA-CN-87/85 98
IAEA-CN-87/86 100

IAEA-CN-87/88 102
IAEA-CN-87/89 104
IAEA-CN-87/91 106
IAEA-CN-87/96 108
IAEA-CN-87/98 110
IAEA-CN-87/99 I l l
IAEA-CN-87/100 112
IAEA-CN-87/101 113
IAEA-CN-87/102 115

POSTERS

IAEA-CN-87/2P 119
IAEA-CN-87/8P 122
IAEA-CN-87/9P 124
IAEA-CN-87/10P 125
IAEA-CN-87/11P 126
IAEA-CN-87/14P 129
IAEA-CN-87/16P 131
IAEA-CN-87/18P 132
IAEA-CN-87/19P 135
IAEA-CN-87/23P 136
IAEA-CN-87/24P 138
IAEA-CN-87/27P 140
IAEA-CN-87/33P 143
IAEA-CN-87/36P 145
IAEA-CN-87/37P 146
IAEA-CN-87/39P 149
IAEA-CN-87/40P 151
IAEA-CN-87/42P 155
IAEA-CN-87/45P 157
IAEA-CN-87/46P 158
IAEA-CN-87/5 IP 160
IAEA-CN-87/53P 162
IAEA-CN-87/59P 164
IAEA-CN-87/60P 165
IAEA-CN-87/62P 168
IAEA-CN-87/64P 170
IAEA-CN-87/65P 172
1AEA-CN-87/67P 173
IAEA-CN-87/68P 175
IAEA-CN-87/71P 178
IAEA-CN-87/80P 180
IAEA-CN-87/92P 181
IAEA-CN-87/93P 182
IAEA-CN-87/94P 183
IAEA-CN-87/97P 185



ORAL

PRESENTATIONS



IAEA-CN-87/3 XA0103282

Solidification of *\cidic Liquid Waste from 99Mo Isotope Production
G J Parsons

ANSTO
Lucas Heights, NSW, Australia

The production of the radioisotope molybdenum-99 by the fission process began at
ANSTO in the late 1960's. Molybdenum-99, with a half life of 66 hours, decays by beta
emission to produce technetium-99m, a metastable isotope. Technetium-99m is the most
widely used medical radioisotope due to its near ideal properties, particularly the radioactive
half life of only 6 hours. ANSTO has been producing generators for around 30 years for
distribution to hospitals and nuclear medicine centres. These generators produce technetium-
99m for medical use by decay of the contained molybdenum-99.

To produce molybdenum-99, uranium dioxide pellets enriched to 2.2% 235U are
irradiated in ANSTO's HIFAR reactor for about one week. The irradiated pellets are
subsequently dissolved in nitric acid to allow the recovery of the molybdenum. An acidic
intermediate level liquid waste results from this processing. A primary waste results from the
raw leach solution (after removal of the molybdenum onto a packed alumina column) and a
weaker secondary waste is produced from a series of column washing steps. The waste
solution contains uranium, the majority of the other fission products and low levels of
ammonia in a nitric acid solution. This liquid waste had been accumulating and stored in
specially designed shielded tanks in a storage facility.

A process has been developed at ANSTO to convert this intermediate level liquid
waste into a crystalline solid form of considerably less volume and mass, for improved
storage. The operation comprises three processing steps. The lower strength secondary waste
solution first requires concentration, with the removal of water and some acid into a
condensate. The condensate is chemically neutralised and treated through the conventional
water treatment plant. Concentrated solution is then treated in a batch chemical process to
reduce the low levels of ammonia to very low levels. The final evaporation process removes
further water and acid and results in the solidification of the deammoniated product in
stainless steel vessels designed for long term storage.

The process was developed and commissioned through sequential steps. Initial testing
was conducted on natural uranium nitrate based solutions followed by similar solutions with
increasing levels of trace activity derived from the stored waste. The process was
commissioned on stored liquid waste in 1999 and is now a routine operation.

Initial processing through the concentration phase has been successful in removing 82
- 95% of the original liquor volume at a throughput rate of generally 4 - 4.5 L/h. The
ammonia content in the acid waste had arisen principally from the addition of ammonia
bearing condensate from the molybdenum extraction and initial purification process. This
practice of combining these two liquid wastes is no longer continued but has resulted in an
inventory of historical acid waste containing small concentrations of ammonia. A
deammoniation process was developed to treat batches of concentrate before solidification.
This processing step has been successful in reducing NH3-N to less than lOppm under
controlled conditions. Nitrogen oxides (NOx gasses) are a product of this chemical process
and off gas is treated through a catalytic converter.



Solidification to date has resulted in a product of 0.6 - 2.3% of the original liquor
volume (or 1.7 - 5.7% of the original solution weight). The solidification takes place in thick-
walled once-use stainless steel vessels. The vessel is heated in a thermic oil bath with slow
continuous feed of deammoniated concentrate and withdrawal of condensate. This phase is
slower with throughput rates of around lL/h decreasing to less than 0.5L/h as processing
continues. When the required amount has been added to the vessel it is further heated,
resulting in a product which solidifies on cooling. When this process is complete the
connections to the vessel are removed and the vessel ports plugged. The vessel is then
destined for further separate storage as an intermediate level solid waste.

To date over 2500L of solution from storage has been treated and solidified to over
60kg of net product. This represents a significant waste minimisation initiative with a major
reduction in volume and weight of radioactive waste as well as converting a stored liquid to a
solid crystalline form.



IAEA-CN-87/4 XA0103283

RADIOACTIVE WASTE MANAGEMENT AT ANSTO - MANAGING
CURRENT ANB HISTORIC WASTES

J. HARRIES
L. DEMITROVSKI
JCHART,
D. LEVINS
Australian Nuclear Science and Technology Organisation (ANSTO)
Menai, NSW, Australia

The Australian Nuclear Science and Technology Organisation (ANSTO) site at Lucas
Heights has operated as a nuclear site for over 40 years and most of the waste
generated is still stored at the site. The 10 MW heavy water research reactor (HJFAR)
has operated at Lucas Heights for over 40 years with associated radioisotope and
radiopharmaceutical production facilities. HIFAR is scheduled to shut down in 2005
and a contract has been signed for a multipurpose 20 MW research reactor which,
amongst other uses, will provide continued radiopharmaceutical production and
neutron beam research. In addition to these activities, a wide range of nuclear science
and technology R&D is carried out at the site.

In 1995, ANSTO issued its radioactive waste management policy which made a
commitment to: (a) complying with all regulatory requirements; (b) ensuring that
radiation dose rates were kept as low as reasonably achievable (the ALARA
principle); (c) disposing of waste when appropriate disposal routes are available; and
(d) being in accord with international best practice. An extensive audit was carried out
of ANSTO's waste management facilities and practices.

The recommendations arising from this audit became the basis for an integrated five
year Waste Management Action Plan, which began in 1996. The Plan dealt with
legacy issues that had arisen from the accumulation of the radioactive waste at Lucas
Heights. It involved construction and operation of improved storage facilities for low-
level radioactive waste, better monitoring of existing storage facilities for spent
research reactor fuel and intermediate level liquid wastes, and conversion of liquid
and solid wastes into more stable forms suitable for prolonged storage.

Solidification of the intermediate level liquid waste has been a major priority of the
Waste Management Action Plan. This acidic waste is generated during the
production of moiybdemun-99 for radiopharmaceutical use. A hot cell process was
developed involving concentration of the waste by evaporation, destruction of the
ammonium ion by a novel process and solidification of the waste as a uranium-rich
salt. Routine processing of the liquid waste commenced in 1999 and to date over 2 m3

of liquid waste has been convened to a solid. The solidified waste is stored in high-
integrity stainless steel vessels with a design life of at least 50 years.

Another project under way will convert this solid waste into a more durable waste
form suitable for long term storage or disposal. Two waste forms were initially
considered; a titanate-based variant of synroc and cement. Laboratory scale testing
established the feasibility of producing the titanate based ceramic with a high waste
loading (-44 wt % U) and the superior performance of this matrix over cement.
Engineering scale development of a hot cell process for production of the ceramic
waste form is under way.



Much of the historic waste was characterised when it was generated by external dose
with little information recorded about the radionuclide content. In 1996, a radioactive
waste scanning system was installed to determine the radionuclide content of drums
of historic waste. A data base system is being developed to integrate the
characterisation, treatment and location information on the radioactive waste at
ANSTO including the results from the drum scanning measurements..

An important objective of ANSTO's waste management policy is minimization of
radioactive -waste generated and stored. This is being achieved by a number of
strategies: for example, in one radioisotope production area a threefold reduction in
waste volume has been achieved by separating non-radioactive waste from radioactive
waste at the source. A substantial reduction in radioactive gas emissions during the
production of molybdenura-99 has also been achieved by changes in waste processing
operations and procedures.

As well as focussing on historical waste issues a number of initiatives within ANSTO
aimed at improving current processes and waste systems are being carried out.
Currently, waste water from active drains at ANSTO is treated by a
flocculation/centrifugation process and discharged to the sewer. Over the next few
years, ANSTO plans to upgrade its effluent treatment facilities using state-of-the-art
technology. Pilot plant demonstration of a membrane-based process is in progress
after which a specification will be prepared for a full scale plant. Planning is also
under way for a new facility to treat and package ANSTO's radioactive waste in
readiness for disposal in the national repository for low level and short lived
intermediate level waste.
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MINIMISATION OF NOBLE GAS DISCHARGE FROM "Mo

PRODUCTION AT ANSTO

N. Blagqjevic and M. Izard

Australian Nuclear Science and Technology Organisation

PMBl.Menai NSW 2234

Australia

Molybdenum-99 is one of the most important radionuclides in modern medicine. When
loaded on a chromatographic column it forms a generator that produces high specific activity
"nTc, a radionuclide widely used in nuclear medical imaging. ANSTO has been a main
producer of "Mo in the Australasian region since the late 1960's and currently ranks as one of
the major suppliers of "mTc/"Mo generators.

At ANSTO "Mo is produced from enriched uranium oxide (2.2% 235U) after a nominal
seven day irradiation period in HIFAR, Australia's high flux research reactor. Between four
and six targets are processed, four to five times each week depending on the reactor operation
timetable. After irradiation the targets are allowed to decay for approximately 6 hours before the
uranium dioxide pellets are removed and dissolved in a fully enclosed heated vessel equipped
with a reflux column. The dissolver off-gas containing noble gases and iodine isotopes released
during this process are vented through a caustic scrubber, a number of iodine traps and finally
through a charcoal based Noble Gas Trap (NGT). The uranium solution is passed through an
alumina column to separate molybdenum from other elements. The "Mo product is eluted from
the column with relatively concentrated ammonium hydroxide solution. The product recovery
process consists of a volume reduction procedure followed by a recovery step designed to
retrieve the product in a minimum volume of dilute nitric acid.

The radioactive Xe and Kr discharge was monitored using a Nal(Tl) detector based
gamma-ray spectrometer system that was interfaced to the internal computer network. The data
was collected and sent to the network server at 15-minute intervals using locally written
programs that process and database the information. The discharge data is displayed in real time
by the use of web browsers found on all networked workstations. The network program is also
capable of interrogating the database so that the data could be graphically displayed or retrieved
in a spreadsheet format in any combination of time intervals. This option allowed comparison of
discharge patterns between process runs and reactor periods as well as yesterday-today
comparison to be performed on-line.

The use of this software has enabled us to quantify the discharges and identify the
process steps that were responsible. This information was used to modify the process, which
resulted in a significant reduction in radioactive Xe discharge. These modifications reduced the
discharge of short-lived Xe isotopes (135Xe and 135mXe) by approximately 90% and the longer-
lived 133Xe discharge by 85%.

As the result of this investigation an inventory of all radwaste generated during the
separation process was produced. This study enables current and future processing options to be
accessed from the viewpoint of waste minimisation and cleaner production.
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Treatment and Conditioning of TENORM in Austria

Josef Neubauer
Andreas Vesely

Austrian Research Centers Seibersdorf (ARCS)

Raw materials industrially processed are mined in different countries in the world. A number
of these raw materials (ores, natural gas and oil, coal) contain Naturally Occurring Radio-active
Material (NORM). The activity concentration may differ according to the kind of the material and the
place of mining. Processing such materials can enhance the activity con-centration in theproduct, in
by-products and waste streams arising during an industrial process, resulting in Technologically
Enhanced Naturally Occurring Radioactive Material (TENORM). Furthermore, Naturally Occurring
Radioactive Materials are used for purposes, where different chemical and physical properties of these
substances are desired and their radioactivity may be regarded as unwanted, but accepted as inevitable
side effect. This is especially the case with Thorium compounds, which are used in applications where
their high electron emissivity is needed, for example in light generation, X-ray tubes or in arc welding
electrodes. Although big efforts have been undertaken to replace Thorium compounds in these
applications, waste streams from past production processes are still waiting for treatment.

Several years ago more then 500 glass bottles were found in a forgotten cellar within an
industrial area in Austria. The bottles contained Thorium nitrate in the form of a wet crystal cake. The
net weight of that material was about 3,2 tons. The processes applied in that facility are not exactly
known any more, but it can be assumed that the material was used for the production of incandescent
mantles. All bottles were recovered, put into an overpack and transported to ARCS for treatment,
conditioning and interim storage. The treatment process applied was the following:

First, the Thorium nitrate crystals were dissolved in water. Since high amounts of Radon
(220]^) a r e evolved during the dissolution step, this operation was carried out in a glove box. The
solution was of high acidity (approx. pH 1) due to hydrolysis of the Thorium cation and was further
neutralised with sodium hydroxide solution. The resulting sludge was then directly solidified with
cement and aggregated to give a solid product.

In total 77 pieces of 200 litre drums containing the conditioned material were produced and
are stored now in the interim storage.

Another use of Thorium is doping of Tungsten and Tungsten-Molybdenum alloys to achieve
certain physical properties (see above). Scrap is generated during the production process in the form
of turnings and grinding sludge. The total amount of this waste stored in Austria may be estimated to
be approx. 100 tons.

In close co-operation with the Tungsten industries, recycling processes were tested and further
developed at ARCS in laboratory, bench scale and pilot plants.

One process consists in dissolving Tungsten in molten iron in an arc furnace, thus producing
an Fe-W or Fe-W-Mo alloy. As usual with such furnace processes, a slag is produced upon the
addition of lime, clay and the like. This slag extracts nearly all of the Thorium contained in the metal
melt. Thus, a reusable alloy is produced from the Tungsten content of the scrap and Thorium is
separated in a solid form ready for interim and long term storage. However, the amount of slag
produced is quite large and no volume reduction referring to the original waste could be achieved.



Another process applys the following way: Selective Tungsten dissolution in aqueous alkaline
media can be achieved after oxidation of the metal to the hexavalent state. The oxidation step can be
performed by heating the scrap in air at temperatures of 500°C to 600°C. The resulting oxides may be
further treated by a conventional leaching process with sodium hydroxide solution. Tungsten and
Molybdenum oxides are readily dissolved, while Thorium oxide together with silicon and aluminium
compounds remain insoluble and are separated by filtration. Sodium tungstate solution is further
processed by the usual hydrometallurgical Tungsten mill process, while the insolubles are solidified
for long term storage.

Oxidation and dissolution of Tungsten can be achieved in one step by an electrochemical
process. Thus, thoriated Tungsten scrap is used as an anode in an electrolysis cell, while sodium
hydroxide or ammonia serve as electrolyte. After dissolution of Tungsten, the solids are separated
from the liquid as described above. With the electrochemical process, treatment of Tungsten-Thoria
scrap can be achieved with high throughput in rather small reactors at moderate temperatures and
ordinary pressure. The Tungsten solution exhibits high purity, Thorium concentrations are very low,
often below the limits of detection (2 mg ThNat/^g)

Other material containing TENORM is being investigated and analysed in order to find a way
how to treat and to condition it. The quantity of this material is estimated to be around 600 tons.

It is expected that contracts will be signed in the next future for the treatment and conditioning
of these TENORM's at ARCS.



IAEA-CN-87/12 X A 0 1 0 3 2 8 6

LESSONS LEARNT FROM STORAGE PRACTICES FOR RESIDUES
FROM RADIUM PRODUCTION: A RE-EVALUATION OF THE OLEN

SITE (BELGIUM)

D. MALLANTS, L. HARDY, G. VOLCKAERT, AND T. ZEEVAERT
Belgian Nuclear Research Centre (SCK'CEN)

Boeretang 200, B-2400 MOL, Belgium

From the early 20's to the mid 70's the industrial activities of Metallurgie Hoboken-
Overpelt (MHO) at Olen, now Union Miniere, were known world wide for the radium
production. During several decades, MHO was one of the most important radium production
plants and contributed significantly to the widespread use of radium in medical and industrial
applications. For the production of radium large amounts of high grade uranium and radium
ores were imported from mines in Katanga (former Belgian Congo). These ores were
extremely rich in uranium (uraninite) and associated minerals such as Co-Ni-sulfides, lead-
and molybdenum minerals, among many others. Remains of the processed ores and the
production were stored at the industrial plant at Olen, together with some radioactive wastes
from dismantling and decontamination of production facilities. Disposal of such waste types
requires specific measures to guarantee long-term containment of the waste of which some
components such as long-lived radionuclides and heavy metals may remain indefinitely. In
Olen these wastes are present in a surface repository which was built in the mid 50's and
heavily re-engineered and remediated in the mid 80's. This paper documents a recent
performance assessment (PA) study carried out to investigate the long-term radiological
consequences resulting from the surface storage facility.

The PA considered one of the most important pathways by which the contaminants can
reach man, i.e., leaching to groundwater and nearby rivers and use of groundwater in
irrigation and for production of drinking water. A variety of wastes is present in the
repository, ranging from radium sources and needles, tailings from radium production, to
contaminated soil. Wastes with the highest radium concentration (Ra-salts, sources and
needles) are stored in heavily engineered concrete bunkers. Wastes with fairly low radium
concentrations (200-600 Bq/g) are stored in silos. Both bunkers and silos are covered by a
multi-layer cover (Fig. 1).

FIG. 1 Schematic of one half of multi-layer protective cap.

Wastes

34m

10



State-of-the art simulation models were used to assess the long-term leaching of various
waste components from, the repository to groundwater, rivers, and biosphere components.
Typical processes accounted for include percolation of rainwater through the multi-layer cap,
diffusion of chemical components through engineered barriers, advective-dispersive transport
in groundwater, and transfer of radionuclides to various biosphere compartments and the
human receptor.

FIG. 2 Cross-sectional view of arrangement of layers of contaminated soil and waste
materials as can be found underneath protective cap (left). Numerically calculated radium
concentration at bottom of variably saturated zone considering two scenarios (i.e., degraded
and intact cover layers) for waste materials shown in left panel (right).
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Calculated radium concentrations below the silos are shown in Fig. 2 for radium-low
wastes present in silos covered by the multi-layer cap. The computational domain
encompasses alternating layers of waste material (200-600 Bq radium/g) and contaminated
soil (20 Bq radium/g), underlain by the 5-m-deep variably saturated part of glauconite-rich
sediments. When appropriate flow, adsorption, and dispersion parameters are accounted for,
results show that radium concentrations at the bottom of the variably saturated zone are
approximately 1 Bq/1 for a scenario with degraded cap and about 0.1 Bq/1 for a scenario with
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intact cap. When the concentration history is used as input to a groundwater model,
concentrations in nearby rivers and water wells are further reduced owing to dilution and
dispersion.

A complete analysis of the groundwater pathway shows that the performance measures
related to protection of human health are unlikely to be exceeded within a reasonable period
of time. Especially the heavily engineered components of the repository designed to contain
the radium-rich wastes seem very effective. The same is true for the radium-low wastes that
are only covered by the multi-layer cap. Because the performance assessment was done for an
existing repository, a major challenge from a PA point of view was to retrieve all data
necessary to characterize the waste inventory and to assign physico-chemical properties of
engineered and natural barriers relevant to its long-term performance. Since many parameters
were not determined at the time of repository construction, characterization was possible only
by additional geochemical calculations and indirect estimations.
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Waste from decommissioning of research reactors and other small nuclear facilities

V. Massaut
SCK»CEN

Boeretang 200
B-2400 Mol, Belgium

Email: vmassaut@sckcen.be

Small nuclear facilities were often built for research or pilot purposes. It includes the
research reactors of various types and various aims (physics research, nuclear research,
nuclear weapons development, materials testing reactor, isotope production, pilot plant, etc.)
as well as laboratories, hot cells and accelerators used for a broad spectrum of research or
production purposes.

These installations are characterized not only by their size (reduced footprint) but also,
and even mostly, by the very diversified type of materials, products and isotopes handled
within these facilities.

This large variety can sometimes enhance the difficulties encountered for the
dismantling of such facilities. The presence of materials like beryllium, graphite, lead, PCBs,
sodium, sometimes in relatively large quantities, are also challenges to be faced by the
dismantlers of such facilities, because these types of waste are either toxic or no solutions are
readily available for their conditioning or long term disposal.

The paper will review what is currently done in different small nuclear facilities, and
what are the remaining problems and challenges for future dismantling and waste
management.

The question of whether Research & Development for waste handling methods and
processes is needed is still pending.

Even for the dismantling operation itself, important improvements can be brought in the
fields of characterization, decontamination, remote handling, etc. by further developments and
innovative systems.

The way of funding such facilities decommissioning will be reviewed as well as the
very difficult cost estimation for such facilities, often one-of-a-kind.

The aspects of radioprotection optimization (ALARA principle) and classical operators
safety will also be highlighted, as well as the potential solutions or improvements.

In fact, small nuclear facilities encounter often, when dismantling, the same problems as
the large nuclear power plants, but have in addition to face the issues of "exotic" waste and
material handling.

The presentation will also be illustrated by more than 10 years experience in actual
dismantling of research facilities.

13
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THE WASTE MANAGEMENT PROGRAM AT VUB-AZ:
AN INTEGRATED SOLUTION FOR NUCLEAR BIOMEDICAL WASTE

MANAGEMENT

P. COVENS
Radiation Protection Office

Vrije Universiteit Brussel & Academisch Ziekenhuis (VUB-AZ)
Brussels, Belgium

M. SONCK
Association Vincotte Nuclear (AVN)

Brussels, Belgium

G. EGGERMONT
Studiecentrum voor Kernenergie (SCK-CEN)

Mol, Belgium

D. MEERT
Canberra Europe
Zellik, Belgium

Due to escalating costs and the lack of acceptance of near-surface disposal facilities, the
University of Brussels (VUB) and its Academic hospital (AZ) have developed an on-site waste
storage program in collaboration with Canberra Europe.

This programme (fig. 1) is based on selective collection, measurement before decay, storage
for decay of short-lived radionuclides, measurement after decay and eventual clearance as non-nuclear
waste [1]. It has proved its effectiveness over the past 5 years.

Purchase of radionuclides

Biomedical use

Waste production based on
selective collection

Long lived
radionuclides

Centralised
nuclear waste

treatment

Short lived
radionuclides

Characterisation by
Accurate measurement

Decay storage in
separate rooms

Control
measurement

Treatment as:
Specific hospital waste

or Chemical waste

Figure 1: Scheme of the decay storage program at VUB-AZ

Effective characterisation for on-site storage for decay of short-lived radionuclides makes
selective collection of waste streams mandatory and requires motivated and trained laboratory staff.
Dynamic optimisation of this selective collection increases the efficiency of the storage for decay
programme.
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The accurate qualitative and quantitative measurement of nuclear biomedical waste before
decay has several advantages such as verification of correct selective collection, optimisation of the
decay period and possibility of clearance below the minimal detectable activity.

In the research phase of the program several measurement techniques were investigated. The
following measurement concept was selected. Closed PE drums containing low density solid waste
materials contaminated with small amounts of B/y-or pure 8-emitting radionuclides [2] are assessed
for specific activity by the Canberra measurement unit for nuclear biomedical waste, based on a
HPGe-detector. Liquid waste containing B/y-emitters are characterised by the same technique while
for pure B-emitting liquid waste a Packard liquid scintillation counter is used. Measurement results are
obtained by using the gamma-spectroscopy software Genie-2000. A user-friendly interface, based on
Procount-2000 and optimised by Canberra for the characterisation of nuclear biomedical waste, has
increased the sample throughput of the measurement concept.

The MDA (minimal detectable activity) of different radionuclides obtained by the
measurement unit will be compared with the MDA obtained by different handheld monitors. All
results will be finally correlated to the different proposed clearance levels. These clearance levels can
easily be met through on-site storage for radionuclides with half-life less than 1 year.

For a waste stream of 1000 packages or more a year, a management software is indispensable.
The software "WasteMan" was developed on-site. This user-friendly software takes care of the entire
storage procedure and allows a complete bookkeeping of the daily nuclear waste streams. Based on
the sophisticated waste collection procedure, the WasteMan software allows both a complete
inventory of the storage facility and a full traceability of all waste packages from production to either
clearance or disposal. At the same time all necessary documents for either clearance or disposal are
generated automatically. The data-exchange between several interfaces enables timesaving
administration.

In addition to these technical aspects a general analysis of the economic impact of such an on-
site decay program will be made for a medium sized university with hospital, yielding a serious
reduction of waste handling costs.

This waste storage program, including the complete measurement set-up and the necessary
management software, was recently installed in a second university, proving the general applicability
of the whole concept for biomedical nuclear waste.

Many hospitals and other biomedical centres however produce small quantities of nuclear
waste for which investments, like measurement equipment and decay rooms, are not cost-effective.
The installation of a regional centre for nuclear biomedical waste will be presented here as an
alternative solution for this problem.

References

[1] EGGERMONT, G., COVENS, P., HERMANNE, A. and MEERT, D., Decay management of
nuclear waste in university and hospital, Proceedings DOE Low Level Waste Conference, Salt Lake
City, 1997
[2] TAKACS, S., HERMANNE, A., EGGERMONT, G. and COVENS, P., Quantitative determination
of activity of pure B-emitters in closed waste packages using y-spectrometry, Proceedings Spectrum
Conference Denver 1998, J. Graham Editor, ANS 700257, Vol. 1, pp 450-455
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UPGRADE AND IMPROVEMENT OF THE CAPACITY OF WASTE MANAGEMENT
INSTALLATION AT IPEN/CNEN-SP.

L. S. Endo
Instituto de Pesquisas Energeticas e Nucleares (IPEN)
Brazilian National Commission of Nuclear Energy (CNEN)

In 1996, IPEN initiated a project to modernize and increase the capacity of treatment
and storage of radioactive wastes, by upgrading and improving the treatment processes,
minimizing volumes as well as adequating the radiological safety conditions at its waste
management installations. Since then, efforts and investments have been applied in the
design and construction of a new building for treatment and storage, waste
characterization laboratories and acquisition of equipment of processes and radiological
control.
The new plant was designed to centralize and integrate the already existing treatment
units to the new ones in order to adequate and facilitate the handling and control of the
wastes.

Design criteria and conception of the plant were based on a comprehensive survey done
on the volume of wastes and its characterization, received and managed by IPEN in the
last 5 years before the beginning of the project and the estimation of future demand of
50% in 10 years. Therefore, most of the processes and methods were developed to solve
specific needs.

Characterization. Wastes received by IPEN are classified in compressible solids, non-
compressible solids, wet-solids such as ion-exchange resins and activated charcoal,
inorganic liquids, organic liquids, spent-sealed sources including 226Ra needles,
lightning rods/smoke detectors, pressurized gas and biological wastes such as animal
carcasses, blood vials, excreta.
Radionuclides present are: Activation products, fission products, 14C, 3FL 32P, 35S, 226Ra,
Am-Be, Ra-Be, 242Cf, U, Th, TRU. Activities level vary from kBq to TBq (disused
therapy sources). Material content: laboratory materials, gloves, clothes, paper, plastics,
wood, metal scrap, nuclear devices, gauges, and so on.

IPEN is responsible for receiving and to storage wastes generated by applications
users, in medicine, industry and research, from the South and Southeast region of
Brazil, which means about 80% of them. The major and problematic contribution for
the increase of waste volume are those constituted by disused sealed sources from
industrial application and , radioactive lightning rods and smoke detectors with
241Am.QnLy in the year 2QQQr IPEN received 733 devices and gauges containing- sealed-
sources with about 111,3 TBq of activity and about 3,300 pieces of lightning rods and
smoke detectors, for treatment and storage.

Plant description. The new plant is a two story building with total built area of 1050 m2,
525 m2 each level. It was constructed in the same area, where already exists 2 storage
sheds ( 200m2 each), for interim storage and operational storage. All the
processing/treatment units are located at ground floor. The plant was designed for the
following units and respective capacities:
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1. Changing rooms and radiation protection control : The main access to the working
area is done through the changing rooms, female and male, located at second floor.
It is a 90m2 room. All the radiation protection procedures, are achieved here.

2. Reception, segregation unit. Room area of 35m2. Registration and document survey
of outside IPEN users are achieved at the upper level, where there is the
administration office, in the free area.

3. Liquid waste storage and treatment/conditioning: area 50m2

4. Immobilization and encapsulation in cement. Cement immobilization is achieved
here, only for low-level waste ( wet solid and liquid), with long-lived radionuclides (
ex.:U, Th)Area: 30m2

5. Compactation of solids. Provided, of 10 ton hydraulic press. It occupies a 35m2 area,
and has capacity to store 6m3 of compressible wastes, collected in a paper bag
covered by plastic sheet.

6. Lightning-rod dismantling and conditioning . Is a 48m2 room provided with 3 cell
glove-box, where 241 Am sources are withdrawn from the device and conditioned in
a small shielded container and stored in the plant, in the Special Sources Storage
Unit.

7. Dismantling and encapsulation of disused source. This unit is still on construction.
The dismantling hot-cell was designed to handle source activity up to 7.5 GBq 60Co
equivalent, each time. Sources will be withdrawn from original shielding or device
and encapsulated hr a more adequate and retrievable package for interim storage.
The objective of this treatment is to reduce the volume and better control of the
sources. The number of sources in the IPEN inventory, in the operational storage is
about 3.000, accumulated from 1993.Untill 1993 sources with relatively low activity
were encapsulated definitively in concrete and interim stored. Now for the new
installation a retrievable package was developed in order to comply with the new
recommendation. Also for treatment of 226Ra sources ( needles, capsule, tubes) the
former procedure was modified and- developed a retrievable package [1].

8. Waste-drum monitoring and inventory control laboratory with 80m2 area.
9. Special sources storage. 50m2 concrete shielded room.
10. Deposit for inactive materials used in the treatment processes, such as drums,

pallets.

REFERENCES
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Spent 226Ra Sources at IPEN/CNEN-SP. (To be presented V IRPA Regional Congress
on Radiation Protection and Safety, Recife, April 2001).

17



IAEA-CN-87/20 XA()103290

CONFERENCE TOPIC:
National Waste Management Strategies, Approaches and Experience

PROPOSED PRESENTATION:
Success in Siting Low-Level Radioactive Waste Management Facilities

AUTHORS:

P. Brown, Director
Uranium and Radioactive Waste Division

Natural Resources Canada

D. McCauley, Radioactive Waste Advisor
Uranium and Radioactive Waste Division

Natural Resources Canada

ABSTRACT

The Government of Canada is about to conclude a legal agreement with three
municipalities that will result in a $260-million 10-year multi-phase project to cleanup low-level
radioactive wastes and contaminated soils and establish long-term low-level radioactive waste
management facilities.

Over the last two decades, numerous efforts were undertaken to resolve this long-standing
environmental issue. Finally, the communities where the wastes are located came forward with
resolutions that they were willing to develop local solutions to the problem. All three
municipalities, facilitated by Government funding and assistance, put forward their own local
solution to their own waste problem.

Government accepted the municipalities' proposals as the basis of a comprehensive
approach for dealing with the local problem. Negotiations ensued on Principles of
Understanding under which the cleanup would proceed and new long-term waste management
facilities would be established. Government's acceptance of the negotiated Principles led to the
preparation of a legal agreement that was subsequently signed by each of the municipalities and is
now about to be ratified by the Government of Canada.

Resolution of the issue will be a major milestone in the Government's environmental
agenda. The project will result in an environmentally-responsible, safe, and publicly-accepted
approach to the long-term management of the wastes and remove one of the largest contaminated
sites issues from the Government's agenda. It also advances the Government's nuclear waste
policy and indicates to waste producers that the Government is developing and implementing
solutions for wastes for which it is responsible.

A key lesson for the Government of Canada in this process has been the advantages of a
locally-generated solution. Through the process, the Government empowered the local
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municipalities to develop their own solution to the local waste problem. It facilitated and
supported that effort. Finally, it accepted the community-driven approach as a potential solution
to be examined through the environmental assessment process. More importantly, it established,
through the legal agreement, that the community-driven proposals would be the starting point for
evaluating the long-term solution.

The process also establishes the environmental assessment process as a true planning tool,
as it is intended. The municipalities understand that the proposals may evolve through the
environmental assessment and licensing processes. The starting point for the environmental
assessment will be the municipal proposals, but there is opportunity to examine alternative
solutions as well. Interested parties, including community representatives who were not involved
in the development of the proposals, will have an opportunity to identify alternative ways of
carrying out the project. The Government together with the local municipality, council and the
public at large, will examine the various approaches in an open process of assessment to identify
a preferred option. And to reaffirm the Government's commitment to implementing a
community-drive approach, the resulting preferred option must be supported by the local
municipal councils.
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MIXED WASTE: THE TREATMENT OF ORGANIC RADIOACTIVE WASTE
BY MEANS OF ADSORBENTS
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Santiago, Chile.

The work described in this paper has been carried in the radioactive waste treatment
facilities of the Nuclear Research Center Lo Aguirre, CEN LA, which are operated by
Radioactive Waste Management Unit, UGDR. This last, centralizes its activities in order to
manage all radioactive waste generated in the country due to the nuclear development.

Features of danger and risks presented by organic radioactive liquid waste, make the
need to develope a practicable alternative for its treatment and to allow the conditioning towards
a suitable final disposal

The raw material for this work, is an organic liquid waste arising from scintillation
techniques, contaminated with Tritium. This mixed waste has to be treated and then conditioned
in a solid form within a 200 1 container, according with actual acceptance criteria for our
temporary store for radioactive waste.

The best formulation which allows to imobilize the liquid waste was determined. The first
step consists in the adsorption treatment that waste is humbled. From the available adsorbentes,
two types were studied: adsorption granulat and diatomaceous earth. From the waste management
standpoint, results with diatomaceous earth present physical characteristics better than the other
Following, the second stage is the immobilization, which is achieved in a cement matrix made
with puzzolanic cement (Polpaico 400) made in Chile.

Later, due to cost and availability in the country, the diatomaceuos earth is selected for
the study, in the form of celite which is comparatively economic. The best mixture, with regard to
physical feature, has the following composition: a 0.35 (w/w) water/cement ratio, which
represents the needed quantity to obtain workability in the mixture, and it is the minimum
amount of water to hydrating the cement; a waste/adsorbent ratio of 0.5 (v/v), in which the
organic liquid is completely adsorbed and it is incorporated into the crystalline system of the
solid form; and an adsorbed waste/cement ratio of 0.8 (w/w). In this mixture, quantity of cement
is the minimum required to obtain a solid product with the due mechanical feature which stands
the compression resistence desired.

Setting time is about 8 hours. Samples are tested, at 7, 14, 21 and 28 days since they were
prepared to evaluate compression resistence, obtaining the minimum desired at 14 days aged with
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a 52 kg/cm2, which increase to 28 days. Weight composition of the final mixture is a 22.9%
organic waste, 46.5 % cement, 14.3 % celite, and a 16.3 % water. A real scale (200 1 standard
drum) was prepared to study features in Plant, also.

As a conclusion, it is shown that it is possible to treat the radioactive organic liquid, to
obtain a solid product that complies with qualitative and quantitative physical parameters
required to disposed of. Performance at real scale is simple and results are better than those in
lab seal, reaching at 14 days aged a compression resistence upper than 100 kg/ cm2. Research is
followed to determine the leach test, the radiation effect and thermal cycle stability in samples.
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EXPERIENCE IN RADIOACTIVE WASTE
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ABSTRACT

China Institute of Atomic Energy (CIAE) is the birthplace of China nuclear

science and technology and the important base for nuclear science and

technology implementing pioneering, basic and comprehensive studies.

The major tasks and activities of CIAE are : (1) Fundamental research of

nuclear science and technology; (2) Research and development of advanced

nuclear energy; and (3) Application of nuclear technology. CIAE is

equipped with three research reactors (15MW heavy water reactor, 3.5MW

light water swimming pool reactor, 27kW neutron source reactor), four

zero-power facilities, eleven accelerators, hot cells and a lot of glove boxes

which produce various kinds of radioactive wastes.

CIAE pays great attention to the safe management of radioactive waste.

Many measurements were and are adopted. CIAE carries out the national

policy of radioactive waste management and the international fundamental

principles of radioactive waste management.

To protect human body and environment both now and future generation

minimizes the releasing amounts and activity, minimizes the solidified

wastes to be disposed of. The principles of "controlled generation,

categorized collection, volume-reduction immobilization, reliable package,

in-situ storage, safe transportation and disposal" are followed in managing

LLWandlLW.

The liquid wastes are separately treated by precipitation, evaporation, ion

exchange or adsorption by organic or inorganic materials. The spent

organic solvents are treated by incineration at a special incinerator. The low

level radioactive gases and liquids can be discharged into the environment
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only when they are clean-up and permissible level is achieved. Such

discharge is controlled by two factors: total discharge amount and specific

activity.

The solid wastes are separately collected in site according to their physical

properties and specific activity. The storage waste is retrievable designed.

The spent/sealed radiation sources are collected and stored with security

and database.

The spent fuel of research reactors are safely stored in the water pool and

carefully control the corrosion damage.

The emergency response organization and emergency preparedness was

established. The environmental impact assessment report and safety

assessment is required for new nuclear facility or project.

Based on such strict management mentioned above the radioactive waste is

safely controlled and continually minimized in CIAE.

In response to well waste management R&D of waste management is

conducted in CIAE.

Lessons learned regarding waste management in CIAE are also mentioned

in this paper.
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DECOMMISSIONING OF A BRACHYTHERAPY FACILITY AT THE ONCOLOGY
HOSPITAL IN HAVANA
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Marcos J.; Flores J.
National Institute of Oncology and Radiobiology (INOR)
Havana, Cuba

In the past the National Institute of Oncology and Radiobiology (INOR) used 226Ra sealed sources for
brachytherapy service. For technical obsolescence and safety considerations the brachytherapy facility
was shutdown. Most 226Ra sources were collected from the hospital in 1996, but for different reasons,
not all radium sources could be evacuated by this time. Some of them were leaking which caused
contamination of the place.

In May 1997 the Direction of the Hospital requested the Center for Radiation Protection and Hygiene
(CPHR) to evaluate the radiological situation in the contaminated areas and to carry out the
decontamination of the rooms and the decommissioning of the brachytherapy facility for unrestricted
use. Contamination surveys conducted during this year confirmed the contamination of the facility.

Once all necessary conditions were in place the decontamination of rooms and the decommissioning
of this facility took place as in June 1999.

In order to perform such a work the Hospital received the authorization from the National Centre for
Nuclear Safety (Cuban's Regulatory Body) as a License for Decommissioning.

The decommissioning process greatly benefited from early planning. This included an assessment of
available documentation and operational history of the brachytherapy facility, the definition of
responsibilities for each activity, technical seminars with personnel from the hospital and specialist
from CPHR in charge of the decommissioning activities, safety assessment of the radiological and
non-radiological hazards, the evaluation of available waste management provisions, the availability of
financial resources as well as the review of lessons learned from previous projects.

The characterization of the facility was a very
important task in the selection of decommissioning
alternative.

During decommissioning operations, radiation
monitoring of workers was carried out.

In order to evaluate the radiological situation in the
contaminated rooms, measurements of dose rate and
surface contamination were carried out.

The selection of the more convenient strategies for decommissioning included a justification, a
proposed timetable and a demonstration of adequate financial provision. Different factors were
considered, such as: the future use of the facility, the availability of a national waste treatment and
storage facility, technical feasibility and cost benefit analysis.
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Dismantling, as one of the operations during decommissioning, was
necessary for facilitating access to radium sources and for size
reduction of contaminated materials to facilitate their handling. The
dismantling strategy was very simple, using simple equipment.

The generation of radioactive wastes from decommissioning process
was kept to the minimum practical, by using appropriate
decontamination and dismantling techniques.

The decommissioning project was successfully completed. Adequate
project management was applied to the program for safety assurance,
radiation protection and waste management.

One hundred and thirty six spent 226Ra sources were recovered from
the facility and properly managed.

The requirements established by the Regulatory
Body to release the facility from the regulatory
control were achieved.

Simple and effective decontamination and
dismantling technology was applied for
decommissioning of INOR brachytherapy facility
allowing minimization of generated radioactive
waste and the immediate site release from
regulatory control.

Upon successful completion of decommissioning, the Oncology Institute received the authorization
from Regulatory Body for unrestricted use of the facility.
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MANAGEMENT OF RADIOACTIVE WASTES FROM NON-POWER APPLICATIONS.
THE CUBAN EXPERIENCE
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Center for Radiation Protection and Hygiene (CPHR)
Havana, Cuba

Origin of Radioactive Wastes
The wastes arisen from the applications of radioisotopes in medicine are mainly liquids and solid
materials contaminated with short lived radionuclides and sealed sources used in radiotherapy and for
sterilization of medical materials. Radioactive wastes from industrial applications are generally disused
sealed sources used in level detection, quality control, smoke detection and non-destructive testing. The
principal forms of wastes generated by research institutes are miscellaneous liquids, trash, biological
wastes, and scintillation vials, sealed sources and targets. Solid radioactive wastes are mainly produced
during research works, cleaning and decontamination activities and they consist of rags, paper, cellulose,
plastics, gloves, clothing, overshoes, etc. Laboratory materials such as cans, polyethylene bags and glass
bottles also contribute to the solid waste inventory. Small quantities of non-compactable wastes are also
collected and received for treatment. They include wood pieces, metal scrap, defective components and
tools.

Radioactive Waste Management Policy And Infrastructure
Since 1994 the Cuban integral policy of nuclear development is entrusted to the Nuclear Energy Agency
of the Ministry of Science, Technology and Environment (CITMA). The National Center for Nuclear
Safety (CNSN) is responsible for the licensing and supervision of radioactive and nuclear installations.
The CPHR is in charge of waste management policy and therefore is responsible for centralized
collection, transportation, treatment, conditioning, long term storage, and disposal of radioactive waste,
as well as for developing new waste conditioning and containment methods.

Radioactive Waste Management Facilities fll
Waste Treatment and Conditioning Plant (WTCP)
The present facility is a building that includes a technological area of 100 m2 and a laboratory area with a
surface of around 30 m2. Other areas to be distinguished inside the treatment plant are: Office, Clothes
Change Room, Storage Area for Decay, Reception and Segregation Area. The Technological Area
includes 4 zones: Liquid waste treatment zone, Zone for cementation of non-compactable solid wastes
and spent sealed sources, Compaction zone and Control zone for conditioned drums. The Laboratory
Area is adequate for quality and process control. Researches to support the technological process in the
plant are carried out in this laboratory. The necessary equipment for waste characterization, radiation
protection as well as for quality and process control is available at the WTCP. This equipment has been
supplied under the IAEA Technical Co-operation Project CUB/9/010 [2].

Storage Facility
The storage facility is located in a sparsely populated region - Managua. The facility is a construction
above the original ground surface as an earth-covered mound. The storage design includes the use of
engineered barriers, according to the site-specific conditions. The facility is a concrete building with two
compartments (21m x 6m x 4.5m). According to the storage capacity and an optimal distribution of
conditioned wastes, Cuba can guarantee a low level waste interim storage for a period of 20 years.

Main Activities in Radioactive Waste Management
Taking into consideration our particular situation it is necessary to perform some research and
development activities. The CPHR specialists are conducting R & D on problems of local nature as it is
not always possible to transfer technology from other countries that were completely adaptable.
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The main R and D activities are related with:
fi Radiological characterization of unknown disused sealed sources
fi Chemical and radiological characterization of low level liquid radioactive wastes
fi Conditioning of liquid and solid radioactive wastes [3]
fi Establishment of the quality assurance programme for the radioactive waste management service
fi Establishment of requirements and methods for low level waste package acceptability [4]
fi Safety analysis for Cuban long term Storage Facility [5]
• Decommissioning of small nuclear facilities [6]
fi Conditioning of disused sealed sources
fi Management of disused high activity radioactive sources
fi Management of disused long-lived radioactive sources

Expert Missions in Latin-America Region
CPHR specialists have participated in some IAEA expert missions in Latin America countries, such as:
15 Radioactive Decontamination of brachytherapy areas at Oncology Institute "Dr. Heriberto Pieter" in

Dominican Republic (1996)
§5 Radiological Characterization and Relocation of Radioactive Wastes at the INEA - Colombia (1996)
^ Conditioning of Spent Radium Sources for Safe Long Term Storage in Colombia (1997)
^ Review draft regulation on Waste Safety in Panama (1998)
§? Organizers and Lecturers in the Regional Training Course on "Management of Radioactive Waste

from Nuclear Applications" (1999)
W Assessment of current situation on Waste Safety in Dominican Republic and to review draft

regulation on Waste Safety (2000)
§5 Lecturer in Regional Training Course on Control of Discharges of Radioactive Materials related with

medical and industrial applications (2000)

The Cuban Radioactive Waste Management program includes all elements of an integrated system, that
means laws and regulations, operating and regulating organization, systems for processing and long term
storage of radioactive wastes. In parallel with the operation of these facilities, an R&D program is in
progress, covering different aspects of radioactive waste management.
The gained practical experience in radioactive decontamination and decommissioning of small facilities
is one of the most important achievements of the nuclear programme in Cuba.
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Synopsis:
Removal of radionuclides from radioactive waste solutions is well
developed using different techniques based on precipitation, ion
exchange, solvent extraction... etc. However, new methods are always
required. Compared to the conventional liquid-liquid extraction process,
liquid membrane techniques are characterized by simplicity and high
efficiency in separating and/or concentrating materials from gaseous or
liquid mixtures. Liquid emulsion membrane (LEM) is one of these
membrane techniques which found applications in treatment of industrial
waste solutions ( 1,2 ). The permeation of metal ions through LEM can be
described as a simultaneous combination of an extraction and stripping
operations in a single stage.
The present work is directed to assess the possible use of LEM for
removal of uranium and cobalt from medium active solutions (MAW).
The system used for the permeation investigation is a LEM prepared
based on the use of certain extractants which are selective for the
separation of both uranium and cobalt from nitrate medium. In this
concern, the extractants used for the separation of both elements are:
di-2-ethylhexylphosphoric acid (DEHPA) and
bis(2,2,4trimethylpentyl)dithiophosphinic acid (CYANEX-301). Stability
of the prepared LEM is of main concern that affects the degree of
transport of the metal ions through LEM. The different factors governing
the emulsion stability have been examined in order to prepare the
optimum LEM suited for specific purpose. Radiation resistance of the
liquid membrane is of main concern when dealing with radioactive waste
treatment. In this respect, the effect of radiation on the permeation
process was also performed.
Liquid - liquid extraction investigation using each of the extractants,
DEHPA and CYANEX-301 was first carried out to deduce the suitable
conditions to be applied in the permeation process for both uranium and
cobalt. DEHPA diluted with kerosene was found to extract uranyl ions
quantitatively from dilute nitric acid solutions while no obvious
extraction of cobalt was obtained. Stripping of uranium from DEHPA
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was best achieved by 1.0 M H2SO4 solution. On the other hand
CYANEX-301 was found to extract uranium and cobalt from dilute nitric
acid solution. Stripping investigations showed that cobalt is easily
stripped by 2 M HNO3 solution while uranium was hardly stripped by
different mineral acids or alkaline solutions. These results indicated that
the two metal ions under investigations can not be separated by one LEM
system using CYANEX-301 and removal of uranium is required prior to
cobalt. Therefore, it was planned to investigate the removal of uranium
by the LEM system based on DEHPA followed by the removal of cobalt
by the LEM system based on CYANEX-301.
The parameters affecting the permeation process of the two systems were
studied. From the results of the uranium-DEHPA system, it was found
that a membrane of the composition; 0.02 M DEHPA in kerosene
(carrier)+ 3% Span-80 (surfactant) + 1.0 M H2SO4 (stripping agent) gave
the most stable emulsion globules for quantitative permeation of uranium
from dilute nitric acid solution (~ 0.01 M). Presence of radioactive
cobalt-60 ( -0.3 mCi) does not affect the permeation of uranium.
Investigations of the cobalt-CYANEX-301 system indicated that the
optimum composition for quantitative removal of cobalt from dilute nitric
acid solution is the following: 0.2 M CYANEX-301 in toluene (carrier) +
4% Span-80 (surfactant) + 2.0 M HNO3 (stripping agent). This LEM was
stable when used for removal of radioactive cobalt-60 ( ~ 0.3 mCi).
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The nuclear training facility at Paldiski was constructed in the early 1960's by the former
USSR Navy. The hull sections of Delta and Echo class submarines each housing a full-sized
ship reactor were installed in the main building of the site for training of navy personnel in
safe operation of the submarine nuclear reactor systems. The first reactor was commissioned
in 1968 and the second in 1982, while both was shut down in 1989. After Estonia's re-
proclamation of independence in 1991 the responsibility for the clean up and decommission-
ing of the Paldiski site became a subject of negotiations between Russia and Estonia. As the
result Estonia took the ownership and control of the site in September 1995. Before the take
over the Russian authorities defuelled the reactors and transported the spent fuel to Russia,
dismantled the hull sections not related with reactor systems, seal-welded the hull sections
housing the reactor vessels with their primary circuitry and enclosed those in reinforced con-
crete sarcophagi. The auxiliary facilities and radioactive waste were left intact.

Main goals of the Conceptual Decommissioning Plan [1] for the Paldiski facilities, developed
under the auspices of the Paldiski International Expert Reference Group (PIERG, a group es-
tablished at the request of the Estonian government to advise local authorities to maintain the
decommissioning and waste management at Paldiski) were defined as following:
S Establishing the waste management system and a long term monitored interim storage,

corresponding to internationally accepted safety standards and capable to condition, re-
ceive and store all the waste generated during decommissioning of the facility;

S Reductions of the extent of radiologically controlled areas as much as possible, in order to
minimise maintenance requirements.

To achieve these goals the following main tasks were addressed in the short and medium term
site management action plans:
S Rearrangement of site for the needs of decommissioning and waste handling, e.g. creation

of a waste treatment and conditioning facility, construction of an on-site interim storage
for conditioned radioactive waste;

S Conditioning of solid operational waste in the dry storage and liquid waste tanks;
S Dismantling of contaminated installations;
•S Declassification and demolition of useless facilities;
•/ Development of detailed decommissioning plans for the reactor systems.

In the following short information is presented on the radioactive waste management and de-
commissioning projects carried out by ALARA Ltd at Paldiski after taking custody of the site.

Project on conditioning of operational solid waste

During the site operations solid radioactive waste was disposed in an on-site storage facility,
SWS, which consisted of a concrete structure, divided into 10 cells. The former site operator
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has used three of these cells for storage of radioactive waste. Waste had been dumped into
the facility without any conditioning or packaging and without any recorded inventory. The
estimated waste volume in the SWS was about 100 m3, including eight heat exchangers and
20 control rods from the repair and maintenance campaign of the reactor no 1. The project
started in 1996 with a radiological characterisation of the waste and continued with waste re-
trieval and conditioning. Depending on the radiological conditions, both remotely operated
technique and manual retrieval was practiced. In summer 2000 the project was completed
with demolition of the building after a full decontamination and declassification of the facil-
ity. During the project total 0.04 manSv was received by 16 persons, the maximum dose burden
for a single person being 7.6 mSv. A more detailed description of this project was summarised
in papers to international conferences WM'98 and ICEM'99 [2,3].

Project on conditioning of waste in liquid waste storage tanks

Liquid radioactive waste was stored in the tanks of the Liquid Waste Treatment Facility (LWTF)
and in the Liquid Waste Storage (LWS) facility. Most of water volume was processed in the
frames of the Estonian-Finnish cooperation project using a mobile wastewater purification unit
NURES (TVO International) and was discharged into the environment in 1995.
In 1999 a solidification project was started under the Swedish - Estonian co-operation pro-
gram on radiation protection and nuclear safety with the aim to condition the bottom sludge
remaining in the tanks after the water purification project. The solidification equipment con-
sisted of a vacuum unit for retrieval of waste, remotely operated hydraulic crane for opera-
tions with the suction nozzle of the vacuum unit inside the tanks and a concrete mixer for ce-
mentation of the waste. The actual solidification work started after the winter season in
March 2000, in total 39 conditioned waste packages (1.6m3 each) have been produced during
the project by the end of 2000. The project is scheduled to finish in 2002.

Project on dismantling of the Liquid Waste Treatment Facility (LWTF)

Dismantling work of the LWTF started in early summer 2000. The project plan followed the
recommendations of given in a relevant EC PHARE project [4]. Before the actual disman-
tling work a detailed radiological survey followed by decontamination of all floor and wall
surfaces was carried out. In addition, all asbestos insulation from equipment and pipes was
removed. In 2000 the dismantling of conventional technological systems (heating, ventila-
tion, conventional sewage, water supply, cables, etc.), both inside and outside of the radio-
logical control areas was completed. Presently the preparations for dismantling of contami-
nated technological systems are in progress. According to the plan, the main work should be
completed in 2001.

REFERENCES

[1] Paldiski Conceptual Decommissioning Plan. SKB Technical Report NWM 6.129, Feb-
ruary 1995.

[2] M. Varvas, H. Putnik, F. Hodson, S. Pettersson. Practical Experience and Future Plans
for Radioactive Waste Management in the Former Soviet Navy Nuclear Submarine
Training Facility, Paldiski, Estonia. WM'98 March 1-5,1998, Tucson Arizona

[3] M. Varvas, H. Putnik, B. Nirvin, S. Pettersson. Characterisation, Conditioning and Pack-
aging of Solid Waste from Solid Waste Storage of Paldiski Nuclear Facility, Estonia.,
The 7th International Conference Proceedings on Radioactive Waste Management and
Environmental Restoration, ICEM'99. September 26-30,1999, Nagoya, Japan,

[4] Dismantling of the Liquid Waste Treatment Facility at Paldiski, Estonia - Phase I.
PHARE Project PH4.03/95. Final Report, SGN and SKB, January 1999.

31



IAEA-CN-87/34 XAO103297

REFERENCE ZONING OF THE RADIOACTIVE WASTE IN THE FRAME OF THE
DECOMMISSIONING OF PARTICLE ACCELERATORS

F. DAMOY
CEA-SACLAV- DAPNIA/SDA

In the frame of the decommissioning of two particle accelerators, one linear (700
MeV, electrons) and one synchrotron (3 GeV, protons), the CEA has set up a
referemje zoning of the radioactive waste and has looked for some elimination
networ

That zoning has been established following an analytic process which has taken
into account the installations' design, their running rules, and their history, in
order to Idetermine the possible presence of added radioactivity.

We have! used the following methodology:

*!» Identification of the sectors and elements, and within them of the main materials,
where interactions between beam and matter may have happened.

• Characterisation of the radiation fields.

• Identification of the radio-elements representative of the potential activation of the
materials.

• Evaluation^ of their mass activity, by semi empirical calculation or Monte Carlo
simulation method, whether significant or not, compared with the reference values
(Instruction 96/29/Euratom).

•> Verification of the radiological state of the zones through radioactivity measures
made on samples and through cartographies of the absorbed dose rates.

• Standard s lectrums and transfer functions to assess the activity levels of the waste
have then t een calculated to allow the setting up of a control, of a selection and of a
rigorous m inagement of the waste coming from the concerned nuclear installations.

For example, the two following figures show respectively ;
The depth! repartition of activity in ordinary and heavy concrete, calculated by
Monte Caijlo simulation (fig 1),
The experimental results of measures made on samples (boring) in heavy concrete
located in one maximal beam losses region « SD2 » of the accelerator (fig. 2).
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R&D FOR FINAL DISPOSAL OF RESEARCH REACTOR FUEL
ELEMENTS IN GERMANY

J. FACHINGER,
H. CURTIUS
H. BRUCHER
Forschungszentrum Julich GmbH
Institute for Safety Research and Reactor Technology
Julich - Germany

Research Reactors (RR) have been operated in Germany since the late fifties. One type of fuel
consists of U/Al alloy as "meat" and aluminium as cladding material ("DIDO-type"). Similar
to LWR spent fuel management, extended dry interim storage on surface followed by perma-
nent disposal in a deep geological repository is considered to meet all safety requirements for
the management of spent fuel from research reactors in Germanyfl].

The intrusion of brine into the final repository in salt and finally to the radioactive waste may
not be excluded with absolute certainty for the long period of 106 years. If it happens aquatic
phases will react with the storage cask (cast iron type GGG40) and the waste mobilising parts
of the radioactive material. Long term safety assessments of the repository are based therefore
on source terms for the radionuclide mobilisation of the spent fuel under accidental intrusion
of water into the salt dome, as well as usual scenarios of granitic or clay water in different
repository formations respectively. Investigations to determine the source term of UO2 fuel
have been performed for LWR fuel elements during the last 20 years. However the results of
these investigations can not be adopted to the RR fuel elements, because the reaction of a
metallic system like this with aquatic phases is completely different from ceramic UO2.

Small pieces of a spent RR fuel element (DIDO type) are being used for leaching experi-
ments. Concentrated magnesium-rich salt brine (brine 2) and granite water were chosen as
leachants.

The corrosion of cast iron and of the fuel element is coupled with the production of hydrogen.
Therefore the pressure in
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in granitic water is extremely
slow. The corrosion in salt brine
in presence of cast iron is much
faster. With FeCk as source for
Fe2+ it is completed within 3
months. During corrosion of the
"meat" radionuclides will be
released. Fig 1 shows the
"Fraction of Inventory in Aque-
ous Phase" (FIAP) for '"Cs,
which will be completely re-
leased. The behaviour of actinides
differs completely form the
behaviour of the easily soluble
Caesium. The FIAP of Uranium is
lower than 0.1 % although the
fuel element is completely
disintegrated, (not shown in Fig.
1). This can be explained by the
formation of secondary phases
from the corrosion products of
aluminium and iron. Those

secondary phases have a strong influence on the radionuclide mobilisation. As the results
show especially the actinides are sorbed onto the secondary phases in a structure yet
unknown.

However during the long time period considered in the safety assessment the composition of
the surrounding brine may change.. An investigation in view of the remobilization behaviour
of the different radionuclides was carried out with respect to ionic strength of the solutions.
The uranium remains in the secondary phase even in diluted brine 2. Just in pure water more
than 75 % of the actinides were remobilised (see Fig. 2). These results explain the low release
rates for uranium of less than 0.1 % in the leaching experiments with salt brines.

In consequence the safety assessment of the direct disposal has to consider the following main
points for a source term:

• The fast dissolution of the MTR fuel elements in salt brines and the release of the easily
soluble radionuclides.

• The immobilisation of poorly soluble actinides in the secondary phases.
• The slow corrosion in granitic water.

A transformation of the structure and composition of the secondary phases cannot be
excluded due to changes in the composition of the aquatic phase. Therefore the secondary
phases need to be characterised and the possible transformation of the secondary phases
dependent to time has to be investigated in the time to come. Further investigations will have
to include advanced silicon-based fuel and clay as a third alternative host rock formation.
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RADIOACTIVE WASTE DISPOSAL IN GREECE

L. PARAGEORGIOU and T. MATIKAS
Greek Atomic Energy Commission
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153 10 Agia Paraskevi, Athens, Greece

Radioactive waste is any material which contains or is contaminated by radionuclides
and for which no use is foreseen. According to this definition, a large number of sources,
solid, liquid and gaseous, within the Greek territory can be - and, actually, is — declared as
waste [1]. The types of such solid sources are presented in Table 1.

Table 1: Sealed Sources to be Declared as Radioactive Waste

Radioisotope No. of sources Total radioactivity (GBq)
Medical sources

Co-60
Cs-137
Ra-226

8
2

90000
45000

3500 mg
Industrial sources

Am-241
Am-Be
Cd-109
Cm-244
Co-60
Cs-137
Fe-55
Kx-85
Po-240
Ra-Be
Sr-90

35
3
5
1

200
100
4
15
5
5
55

150
800
0.4
2.2

3000
1000
0.3
15
40
1

30
Research/Calibration sources

Na-22, Mn-54, Co-60, Ni-63, Ra-226, Sr-90, etc.
Lightning rods

Am-241
Ra-226

2500
200

It is estimated that these solid sources represent above 90% of all disused sources in
Greece.

The medical sources of Co-60 and Cs-137 were used in Teletherapy units, while the
Ra-226 ones are in the form of needles or tubes used in Brachytherapy. All the industrial
sources had been used for measuring moisture, density, thickness, elementary composition,
etc. The small sources used by research labs are mainly in the form of discs.

The above sources had been imported a long time ago (even 3 decades ago), had been
used, and then stored as useless inside the user's premises.
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Since 1990 all the users of radioactive sources are obliged to return them back to the
suppliers when they are no longer in use. In fact, no source is imported unless there is a
written declaration of acceptance by its producer.

A project concerning the export of all disused sealed sources is in progress. For every
source a certificate will be issued, proper container will be purchased and all the necessary
documents will be prepared so that it can be transported for final disposal or reuse in a foreign
repository facility.

Apart from this "old generated" waste, unsealed radionuclides have always been used
in nuclear medicine producing waste. These radionuclides are shown in Table 2.

Table 2: Radionuclides Used in Nuclear Medicine

Radioisotope
Mo/Tc-99m
Tl-201
Ga-67
1-131
Re-186
Sm-153
Sr-89
1-125
H-3
P-32
Other

Radioactivity/Year (GBq)
300,000
2,300
200

3,600
250
40
25
25
30
15
5

Use
Diagnosis in vivo
Diagnosis in vivo
Diagnosis in vivo
Diagnosis & Therapy in vivo
Therapy in vivo
Therapy in vivo
Therapy in vivo
In vitro
In vitro
In vitro

The above radionuclides are used either in vivo (injected or ingested by patients) or in
vitro (labeling of blood and other cells). Both uses leave some radioactive waste inside the
needles, the tubes, or other material.

Since 1991, Greece has a well-established regulatory system [2] for controlling waste
from nuclear medicine labs, so that disposing such solid or liquid waste does no harm to the
environment. A revision of these regulations has already been published [3] with new, stricter
restrictions on waste management. This is described as follows:

Liquid: The disposal of liquid radioactive waste to the public drainage is permitted
only if the maximum concentration in any part of it is less than 1 GBq/m3.

Under no circumstances the daily disposed quantity should exceed 18 MBq for in vitro
labs, 37 MBq for in vivo diagnostic labs, and 110 MBq for in vivo diagnostic and therapeutic
labs.

H-3 and C-14 used as organic solvents in liquid scintillators can be disposed if they
contain less than 3 GBq and 0.3 GBq per day, respectively.

Solid: Solid radioactive waste is permitted to be thrown away as normal waste if it
does not contain reusable objects and its concentration is below the clearance levels for each
radionuclide. For example, the clearance levels for Tc-99m, Mo-99,1-131,1-125, and Tl-201
are 10,1,1,10 and 10 Bq/g, respectively. The clearance levels are below the excemption
levels used to declare a substance as radioactive or not.
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Short-lived (half-life < 60 days) solid waste that cannot be disposed according to the
regulations is stored in vaults inside the labs until their radioactivity falls below the limits. All
the other solid waste is returned to its supplier abroad.

In summary, the Greek Atomic Energy Commission, which is the national competent
authority for radiation protection, controls the use of all radioactive sources and their proper
disposal, according to our effective regulatory system, which assures control of inventory,
placing responsibility on people, transfer, storage, and disposal to prevent any accident.
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HUNGARIAN NEAR SURFACE REPOSITORY DEVELOPMENT:
IS INTERVENTION NECESSARY?

Peter Ormai, Public Agency for Radioactive Waste Management (PURAM)

Ferenc Takats TS ENERCON

The only radioactive waste disposal facility for Hungary operates in Piispokszilagy.
The Radioactive Waste Treatment and Disposal Facility (RWTDF) was commissioned in
1976. The currently available storage capacity of the repository has been reduced to 140 m3

during the operation, and this brought up the necessity for extension of the existing facility, or
searching the possibilities for the construction of another facility for storing of radioactive
wastes. The legal and regulatory changes occurred in the meantime required the
reconsideration of the long-term plans dealing with the future of the RWTDF. The alternatives
that are being considered cover the whole range of options from extension of the facility to
closure, including the alternative of the total liquidation.

Whatever the decision concerning a new repository for L/ILW may be, a re-evaluation
of the future of the RWTDF is needed. That is why a safety assessment was being carried out
under a EU contract to work out the long-term effect of the disposed waste and to develop an
understanding of the overall "disposal capacity" of the site as a basis for decision making.This
assessment conforms to international best practice as set out by the International Atomic
Energy Agency (IAEA) and the Nuclear Energy Agency of the OECD (OECD/NEA).

In the near surface repository high activity sources and spent sealed sources (SSRS)
consisting of long-half life and alpha emitting materials have also been disposed of. The
results of the safety assessment clearly indicate that the SSRS could result in high doses to
individuals who intrude into the facility and they could also lead to high doses following any
future disruption of the facility by natural processes.

A review of the types and activities of the waste emplaced at the RWTDF was
performed on the basis of the existing operational data. This provided a breakdown of all,
important parameters of the wastes as well as of the disposal conditions for each disposal unit.

Based on the findings of the safety assessment of the facility consideration will be
given to possible developments at the site which could include:

• the retrieval of certain waste types from the site and putting into interim store pending
final disposal in geological repository;

• remedial measures to improve safety of the wastes that are currently disposed;
• the disposal of further wastes by providing free capacity within the existing facility.

On the basis of the safety assessment undertaken, it is believed that the disposal of
additional wastes might be possible without impacting adversely on performance. However,
given the high consequences calculated for certain scenarios, it would be unwise to dispose of
significant additional inventories of certain radionuclides without demonstrating that there are
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significant pessimism in the current assessment that can be removed justifiably. However,
there may be scope for special waste treatment or packing measures that might mitigate the
effects of additional disposals of certain key radionuclides. A focused study is planned to be
undertaken based on an understanding of the inventory of additional arisings that might be
disposed of.

To provide an immediate remedy to the shortage of disposal volume, in one
alternative, it is suggested to retrieve the old institutional wastes and the sealed radioactive
sources, emplaced in the surface vaults, and use the existing free space for further waste
disposal. As an alternative, the addition of wastes to the pile in the vaults, without waste
recovery, was also reviewed, but this would solve only one problem - the lack of free space
and would not improve the overall safety of the facility.

If removal and repackaging of the wastes is decided (in the first phase for those vaults,
which are not backfilled), and if some volume reduction is suggested then the type of
compactor (low/force vs. high-force) should be determined. In this respect, the preliminary
results of the investigation show that there is no clear economic benefit in using a
supercompactor on the site. Since it is certain that such a machine could only be rented, the
timing of the campaigns and their frequency would result in the necessity to keep many vaults
open at the same time (to provide enough raw wastes for supercompaction) while the expected
costs of this operation are not justified. Also, the volume of the existing vaults would be
enough for a long time, even in case of volume reduction with low-force compacting.

The paper will provide a detailed review of the above mentioned options and strategies
and will highlight the possible future alternative scenarios to improve the overall safety of the
site and to extend the existing limited storage capacity.
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OPERATIONAL EXPERIENCES AND UPGRADATION OF
WASTE MANAGEMENT FACILITIES TROMBAY, INDIA
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Abstract

Waste Management Facilities Trombay provide services for the safe management of
radioactive wastes generated from the operation of non power sources at Bhabha Atomic
Research Centre, INDIA. The paper describes in detail the current operational experience and
facility upgradation by way of revamping of existing processes equipments and systems and
augmentation of the facility by way of introducing latest processes and technologies to enhance
the safety.

Radioactive wastes are generated from the operation of research reactors, fuel fabrication,
spent fuel reprocessing, research labs, manufacture of sealed sources and labeled compounds.
Use of radiation sources in the field of medical, agriculture and industry also leads to generation
of assorted solid waste and spent sealed radiation sources which require proper waste
management.

Waste Management Facilities Trombay comprise of Effluent Treatment Plant (ETP) ,
Decontamination Centre (DC) and Radioactive Solid Waste Management Site (RSMS). Low
level radioactive liquid effluents are received at ETP. Plant has 100 M3/day treatment capacity.
Decontamination of liquid effluents is effected by chemical treatment method using co-
precipitation as a process. Plant has 1800 M3 of storage capacity. Chemical treatment system
comprises of clarifloculator, static mixer and chemical feed tanks. Plant has concentrate
management facility where chemical sludge is centrifuged to effect volume reduction of more
that 15. Thickened sludge is immobilized in cement matrix.

Decontamination Centre caters to the need of equipment decontamination from research
reactors. Process used is ultrasonic chemical decontamination. Besides this DC provides
services for decontamination of protective wears.

Radioactive Solid Waste Management Site is responsible for the safe management of
solid waste generated at various research reactors, plants, laboratories in Bhabha Atomic
Research Centre. Spent sealed radiation sources are also stored/disposed at RSMS. Based on
categories of solid wastes three types of engineered containments are in use at RSMS. . They are
Stone Lined Earth Trenches , Reinforced Concrete Trenches and Tile holes.
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Details of radioactive waste both liquid and solid, their sources, collection, transportation,
storage, decontamination, conditioning and disposal is presented in the paper. Brief description of
special wastes like spent organic organic solvent( TBP & dodecane) hydraulic oils and alpha
bearing chemical waste is also given.

Waste Management Facilities Trombay were set up in early sixties . Now efforts are
being made to do the facility upgradation . Main objective of facility upgradation, besides safety
enhancement, is to reduce exposure to working personnel and improved plant performance with
respect to decontamination, conditioning and disposal of waste keeping in view ALARA
principle. Facility upgradation is being achieved by revamping the existing facilities and
augmentation by introducing latest processes and technologies.

In the field of liquid waste management, waste receiving and storage system have been
revamped. - Waste treatment system comprising of chemical treatment and ion exchange treatment
is being replaced by caesium specific non regenerative type ion exchanger instead of vermiculite
ion exchange system and introduction of sludge blanket clarifier for very low level waste
treatment. Decontamination of reactor equipments and protective wears has been totally
revamped. In the field of solid waste management a number of new system have been introduced
such as waste assaying, waste segregation, drum pelletisation and filter compaction, spent resin
immobilization and handling of spent sealed sources. Details of all these improvements are
presented in the paper including new designs of engineered barriers.

Developmental work in radiological laboratories in the field of fuel fabrication leads to
generation of alpha bearing solid waste not amenable to disposal in near surface repository.
These waste are required to be safely stored for long periods of time. An interim storage facility
for alpha bearing solid waste has been designed and is under construction. Paper gives details of
alpha bearing waste, conditioning methods and its long term storage.
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Abstract
The objective of radioactive waste disposal is to isolate waste so that it does not

result in undue radiation exposure to humans and the environment. The required degree of
isolation can be obtained by implementing various disposal methods, of which near surface
disposal represents an option commonly used and demonstrated in several countries. In
near surface disposal, the disposal facility is located on or below the ground surface, where
the protective covering is generally a few meters thick. These facilities are intended to
contain low and intermediate level waste without appreciable quantities of long-lived
radionuclides.

National Policy For Waste Management
Safety is the most important aspect in the applications of nuclear technology and

the implementation of nuclear activities in Indonesia. This aspect is reflected by statement
in the Act Number 10 Year 1997, that " The Development and use of nuclear energy in
Indonesia has to be carried out in such away to assure the safety and health of workers, the
public and the protection of the environment". The management of low and intermediate
level of radioactive waste are mainly consist of waste minimization, Waste collection
conforming the categories, volume reduction, solidification, and stabilization, reliable
packaging, in-situ interim storage, safe transportation and final disposal.

Radioactive Waste Management Development Center (RWMDC)
RWMDC is an organization under direction of National Nuclear Energy Agency

(BATAN), which has a responsible for conduct research and development (R&D) on
radioactive waste management technology in order to support nuclear industry as well as
application of nuclear science and technology in many national development sectors.
Vision to be a good and the competent center for R&D and services of radioactive waste
management through application of quality and safety standard consistently. One of
mission is, to propose the radioactive waste disposal programme for Low-Intermediate
Level Waste in shallow land burial and for High Level Waste in deep geological formation

Radioactive Waste Treatment
At the present time, the Radioactive Waste Management Development Center

(RWMDC) has capabilities to treat radioactive waste on the form of liquid, spent resin,
combustible waste, compactable waste, high active waste and sealed source. The
radioactive waste processing system in the RWMDC is illustrated in Figure 1. Those
radioactive wastes are collected from BATAN facilities as well as from other institute such
as; industry, hospital, research institute etc. are represented in Table 1.
The above Low and Intermediate level waste emplaced on 1001, 2001 drum and 3501, 950
1 concrete shell are stored in the interim storage. Radiation doses exposure on the surface of
drum and shell should be limited less than 200 mRem/h. The interim storage was designed
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based on module system that could be expanded. During storage, radioactivity of waste in
drum and shell will decrease by decay process. Prediction of Waste quantity until 2011
years is illustrated in figure 2.

Shallow Land Burial
The key to the successful performance of shallow land burial facility is the

integration of the various phases of activity (i.e. site selection, site design and development,
operation and closure) to ensure the most cost-effective achievement of the performance
objectives. A systems approach should be used in predicting site performance, the approach
should consider both the characteristics of the wastes to be disposed of at the site and the
characteristics of the site itself. This performance assessment establishes the basic for
design, development and operation, and serves as a guide for selecting specific features and
procedures appropriate for that facility.

Multibarrier system
Purpose of the multibarrier is for retardation of radionuclide release to the human

environment as long as possible. Although it would not be relied on as a major barrier, the
retardation of radionuclide migration by the surrounding media is an important factor to be
considered during the sitting and design of a waste disposal facility. Safety Barrier No. 1;
Embedded Waste, No. 2; Container, No. 3; Vault, Engineered Barrier, No. 4; Back Fill
Material, No. 5; Geology Characteristic.

Site Selection
To carry the works activities in this stage, RWMDC developed a site selection

procedure based on consideration of factors such as geologic properties, surface and
subsurface hydrology, demographic issues, land use patterns and socioeconomic concerns.

Ideally, the disposal facility should be sited and constructed to minimize the chance
that the waste could contaminate surface water or groundwater. The stability of the ground
on which the facility structures are to be erected and the movement of water at the site were
basically the conditions that must be met. Geologic features such as rock formation as well
as the type of soil present in the studied regions are factors that will affect the way water
flows on the surface and through the groundwater, which similarly affects the movement of
contaminants. The stability of the ground depends largely on the type of rock and soil
present therein. Similarly the likelihood of earthquakes, landslides, subsidence and
liquefaction were also taken into account. On the other hand, the movement of water at the
site depends on slope, soil and rock type, grain size and whether fractures, faults or karsts
features are present.

The site selection were conducted by descriptive, overlay and scoring methods,
based on the criteria mentioned above. Detail and comprehensive description site
characteristics of the Serpong Site in Table 2. Some figure and map can be showed as
Figure 3.

Conclusion
Looking at it from a geology characteristic and ground water table enable to place

something shallow-land burial in unsaturated zone. The Serpong site is for planning of
shallow-land burial in a place altitude 90-95 meters above sea level (flooding free) with
slope 5-8 % (small erosion). Lithologies in depth 0-9 m are consist of lateritic clay layers
with permeability l.OlxlO"7 - 1.34xlO"7 m/s (impermeable), radionuclide velocity are
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0.0006 - 7.42. 10"6 m/day (very slowly). Depths of ground water surface are 11 m. Thus, so
Serpong site is suitable for shallow-land burial in unsaturated zone on depths 0-7 m below
ground surface. See table 2 and Figure 4, 5, 6.

REFERENCE

Harjoto Dojosubroto, Management of Low and Intermediate Levels Waste of Non Power
Sources in Indonesia, Meeting for "Preparation for the Disposal of LILW with Emphasis
on Non-Power Sources", held on 21-25 July 1999 in Mumbai, India.

IAEA, Operational Experience in Shallow Ground Disposal of Radioactive Waste,
Technical Reports Series No. 253, IAEA, Vienna, 1985.

IAEA, Sitting of Near Surface Disposal Facilities, Safety Series No. lll-G-3.1, IAEA,
Vienna(1994)

IAEA, Near Surface Disposal of Radioactive Waste, Safety Series No. 111-S.3, IAEA,
Vienna (1994)

IAEA, Criteria for Underground Disposal of Solid Radioactive Waste, Safety Series No.
60, IAEA, Vienna (1983)

IAEA, Site Investigation for Repositories for Solid Radioactive Waste in Shallow Ground,
Technical Report Series No. 216, IAEA, Vienna (1982).

IAEA, Development of an Information System for Features, Events and Processes (FEPs)
And Generic Scenarios for the Safety Assessment of Near Surface Radioactive Waste
Facilities Scenario Generation and Justification Working Group, ISAM Document, Version
(0.3) 1 February 1999.

ITB, Faculty of Mineral Technology, Shallow Groundwater Survey and Construction of
Monitoring Wells in the Surrounding Area of "Reactor Serba Guna" Puspiptek, Serpong
Tangerang — West Java, National Atomic Energy Agency, Republic of Indonesia, 1987.

John Harries, Performance Assessment of Near-Surface Repositories, Australian Nuclear
Science and Technology Organization, Taejon-Korea 6-10 November 2000.

Sucipta, Current Status of the Indonesian Site Study of Low and Intermediate Level
Radioactive Waste Disposal Facility, Unpublished.

45



IAEA-CN-87/47 XA0103303

Centralized Treatment Facility for L/ILW Produced in Iran

M.Ettehadian, S. Momenzadeh, M. Ansar
AEOI, WM Dept.

R.Burcl
International Atomic Energy Agency

ABSTRACT

Normal operation of 5 MW research reactor, and radioisotope application in medicine,
industry and rasearch institutes generate a significant amount of low level radioactive waste.
The volume is expected to increase with the expansion of nuclear application.

This paper describes the establishing of centralized waste treatment facility developed
by Atomic Energy Organization of Iran (AEOI) using IAEA technical assistance and
recommadation. The new treatment facility will enable the currently produced RW to be
treated conditioned and stored until a national repository becomes available.

The centralized facility consists of a waste processing and storage bulidings, which
will be used to store conditioned waste drums. The treatment methods used for liquid wastes
are precipitation, ion exchange and ultra filteration followed by In-drum cementation of
residues. An In-drum compactor will be used for compaction of solid wastes.

Safe management of low and intermediate radioactive waste, better protection of
environment and population and applying suitable and economical processes for treatment of
L/ILW are the other objectives of this activity.
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DISMANTLING WITHOUT CONTAMINATING: THE EUREX PLANT
EXPERIENCE

Italian Agency for New Technology, Energy and the Environment (ENEA),
Impianto Eurex, Str.CrescentinoJ-13040 Saluggia (VC)

The EUREX pilot plant of ENEA Research Centre of Saluggia (Italy) reprocessed, between
1970 and 1983, some 600 elements and 1.5 tonnes of irradiated fuel from MTR and CANDU
reactors. The general programme of denuclearization of the site actually focuses on the main
priority of the conditioning of the about 400 m3 of High and Low Level Liquid wastes stored
in Saluggia.
For this reason, in 1997 a project for the H&LLW conditioning, named "CORA" has started.
The "CORA" unit will solidify the liquid wastes applying the Cold Crucible Melter (CCM)
technology; due to the low volume amount of wastes to vitrify, the "CORA" project has been
accurately tailored in order to reduce social impact on public acceptance, costs and
conditioning plant volumes to dismantle at the end of the work.
For this reason, all the main nuclear components of the conditioning unit (input tank and
pretreatment section, CC Melter, pot handling, off-gas system, interim glass storage) will be
hosted inside four existing cells of the EUREX plant, duely dismantled. The EUREX plant
services (electric and process fluid supplies, controlled areas, ventilation system...) will be
reused too, rewamped in some cases. The reuse of a nuclear plant which was built in the 60's,
as the EUREX is, for future conditioning activities to be "transplanted" there in the next years,
it is not quite an easy job: the partial EUREX dismantling must permit an easy recovery of
process areas and spread of contamination from old components (tanks, pipes, valves...) has
to be minimized as far as possible.
The four cells, used in past EUREX reprocessing activities, that will be reused for the
"CORA" conditioning unit, are described in the following table:

Cell

010
011

013

014

Past use
(reprocessing)

Solvent recovery
2nd extraction cycle

Spare - empty
3rd extraction cycle

(never used)

Future use
(waste conditioning)
Interim glass storage

Waste input and
pretreatment

Melter off-gas
Glass melter and pot

handling

Of the abovesaid four cells, just two (010 and 011) had been used in hot operation and host
contaminated components.
The dismantling activities, in order to allow the "CORA" unit to be installed, started in 1997
with the dismantling of cell 014.
Even if this cell has never been used in hot operation and it was then not contaminated, its
dismantling has been made "as if it was", in order to structure and check the further
dismantling of contaminated cells 010 and 011.
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As it is scheduled to reuse the cells very shortly after their dismantling and they will be the
workplace for the "CORA" unit construction team, special dismantling techniques and tools
have been designed, with the main goal to reduce contamination spread inside the cells to
negligible levels. They have been tested in inactive 014 cell dismantling and then put in
operation in 2000, when hot cells dismantling started.

Cells 010 and 011 never recorded leaks during past operation and a complete direct
radiological mapping of cells in past years confirmed that all the radioactivity, mainly due to
alpha emitters, was still kept inside the first containment (pipes and tanks).
The actual status of the cells dismantling is the following:

Cell
010

011

013
014

Dismantling status
To start jan. 2002

Started jan.2000
60% dismantled

Programme
To completed by

dec.2002
To be completed within

dec. 2001
Empty and ready
Empty and ready

hi order to minimize contamination spread, pipe cutting is made by a hydraulic shear, leaving
the cut edges closed. Size reduction of pipes and tanks, to optimize the 5 m3 steel storage
containers filling is, as far as possible, made out of the working area of the cells. To achieve
this goal a preliminary sketch of pipes to be cut and where the minimal cuts ought to be done
is prepared before each intervention.
The time constrains of the dismantling programme do not permit a characterization of metallic
waste produced in real time and a special traceability system has been then put in place. Every
single piece produced is numbered, associated with the original pipe line record (process
stream data): it will be then easier, in the future characterization step, to post the liquid stream
data of past process samplings to the contamination spectrum awaited for each piece.
Another minimization of contamination spread risk during operations has been the accurate
drying of components: after the emptying to dead volume of tanks, their upper pipes have
been cut and a thin plastic hose has been introduced to evacuate the remaining bottom liquid.
Where the pipelines bending may retain a residual liquid if present, the pipe is deformed in
straight and draining shape before cutting. If this operation cannot be performed, a small drain
drilling is made.

According to the actual experience, it is possible to reduce, with direct human operation,
special training and tailored techniques and tools, the spread of contamination during
dismantling to very low levels, even in a tight schedule. Whether in the 010 and 011 cells this
is compulsory to ease further conditioning activities, such a philosophy will be adopted in the
other EUREX cells future dismantling in order to reduce concrete and lining volumes, to
dispose of as a radioactive waste, at a minimum.

Ref: ENEA RT/ERG/98/5 «Azioni propedeutiche allo smantellamento di alcune celle di
processo delPimpianto EUREX: lo smantellamento della cella inattiva 014 e la campagna di
lavaggio impianto» (Preliminary actions for some EUREX plant process cells dismantling:
inactive cell 014 dismantling and plant rinsing campaigns)
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Removal of 125I from radioactive waste using an anion exchange paper
membrane treated with trimethylhydroxypropyl amino group

H. Inoue

Radioisotope Institute for Basic and Clinical Medicine, Kurume University School of Medicine,

Kurume. Japan

The removal of 125I from the radioactive iodine waste generated by biological experiments, medical

treatment and diagnoses, through the use of an anion exchange membrane was investigated in our

laboratory [1,2]. The membrane was created by homogeneously applying trimethylhydroxypropyl

amino group to a paper membrane so as to modify the permselectivity of 125I through the membrane.

The transmembrane potential, membrane conductance, ion flux, and the concentration of ions

within the paper membrane were measured to quantitatively evaluate the I25I selective transport

performance, which is controlled by the modes of ionic migration within the paper membrane and by

the ionic distribution between the membrane and the solution phases.

Phenomenological analyses of the membrane transport processes are performed utilizing linear

formulations relating the thermodynamic driving forces to the fluxes across membrane in terms of

non-equilibrium thermodynamics. An appropriate set of linear phenomenological equations

formulating the coupling of driving forces and fluxes can be derived for the various transport,

phenomena arising across a membrane [1].

Such a cellulose-paper anion exchange membrane, in which the trimethylhydroxypropyl amino

groups were dispersed at 2.0umol cm2 (ion exchange capacity)., was employed in the present

experiments. Aqueous solution phases I and II were separated by the paper membrane, where Na125I

or Na36Cl in phase I was varied between 1 x 10;3 and 1 x 101 mol dm3, and Na125I or Na36Cl in phase II

was maintained constant at 102 mol dnr3 (see below).

Phase I

Na125I/Na3«Cl: 10"3 - 101 mol dm/3

Paper Membrane Phase II

Na125I/Na36Cl: 1O2 mol dnr3

The experimental setup for measuring transmembrane potential, membrane conductance, and ion

flux were the same as reported previously [1,2]. The concentration of iodide and chloride ions within

the paper membrane were measured by washing the paper membrane with conductivity water,

followed by washing with 0.2 mol dnr3 NaOH solution. All measurements were carried out at a

regulated room temperature of 25±1 °C.
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The electroconductive membrane permeability for Na+ and X\ and Ptta and Pk: were defined as

functions of the elements of a 2 x 2 membrane permeability matrix and estimated from the

transmembrane potential and membrane conductance data as
• Na - Px • Na

[F(V-VK*)/2RT]

P x = P x X - PNa X

txGmRT [-F(V-Vx)/2RT]

~ F2(aWx)m sinh[-F(V-Vx)/2RT]

where t is the transport number, Gm is the membrane conductance, i? is the gas constant, Tin the

absolute temperature, F is the Faraday constant, a is the ionic activity; and Vka and Vx are the

Nernstian equilibrium membrane potentials for Na* and X', respectively; the superscript I and II

indicate the two solution phases separated by the membrane phase.

Figure 1 summarized the electroconductive membrane permeabilities for the Na125I and Na36Cl

concentration-cell system. The permselectivities of anions were larger than those of cations over the

measured concentration range. Notably, the Pi/Pc\ ratio at 10"1 mol dm'3 phase I increase to 2.9. This

characteristic appears advantageous for the separation of 125I from radioactive waste that has been

contaminated with various anions. The permeabilities of all the diffusionai membrane systems tested

in this study were almost identical (data not shown).

These results suggest that an anion exchange paper membrane is suitable for 125I removal systems.

6

Fig. 1. Electroconductive membrane.

permeability as a function of mean

electrolyte activity of phase I for anion

exchange paper membrane system. O: Pi

and • : JFUa in Na125I concentration-cell

system; A : Pa and • : fta in Na:36Cl

concentration-cell system.

1X10' 1X10',-2 1X10"

Activity of phase I / mol dm"3

REFERENCES

[1] INOUE, H.: KAGOSHIMA, M., Removal of 125I from radioactive experimental waste with an

anion exchange paper membrane. Appl. Radiat. Isotopes 52, 1407-1412 (2000).

[2] INOUE, H., Influence of glucose and urea on 125I transport across an anion exchange paper

membrane. Appl. Radiat. Isotopes 54, 595-602 (2001).

50



IAEA-CN-87/50 X A 0 1 03306

Radiological Characterization of LLW arising from JAERI Tokai Research
Establishment
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Japan Atomic Energy Research Institute (JAERI)

Tokai-mura, Naka-gun, Ibaraki-ken, Japan

The Japan Atomic Energy Research Institute (JAERI) was established in June 1956 as a Japanese

comprehensive nuclear energy research organization. Tokai Research Establishment is the largest research

center of the JAERI and operates 5 research reactors (two reactors are under decommissioning), 5 critical

assemblies, 3 accelerators, 2 post irradiation examination facilities for nuclear fuel materials, etc. The

generated radioactive waste is collected and treated according to the characteristics, activity levels and

radionuclides. As the end of Dec. 2000, about 25,100 m3 of low-level radioactive waste are stored on the

site as the result of research activities. At present time there is no disposal facility for that waste. Therefore,

the Advanced Volume Reduction Facilities (AVRF), which consist of the Waste Size Reduction and Storage

Facilities and the Waste Volume Reduction Facilities, are in full operation and under construction. The first

facilities started its operation in 1999, and are installed cutting equipment with laser or plasma and

decontamination equipment by dry blasting for large metal waste. The second facilities that consist of a

super compactor and two melting units for noncombustible waste are being constructed and will be in

operation in 2002. After the operation of those facilities, the volume of stored waste will decrease year by

year. However, it is essential to dispose of the generated waste safely and economically in the future.

In order to plan the disposal program, the total quantities, radionuclide spectrums, and total

radioactivity of the waste were firstly estimated. The total quantities were extrapolated based on the annual

averaged quantities of waste that was generated from each facility. The estimated total weight of the waste

including decommissioning waste are about 34,400 tons before the final treatment for disposal by the end

of 2045. The waste is the mixture of several waste streams and contains a lot kinds of radionuclides, thus it

is very difficult to set a radionuclide spectrum. Therefore, the radionuclide spectrums were estimated using

the records, calculation results by ORIGEN-2 computer codes and dose rate measurements for waste

packages. Two groups of nuclide spectrums were estimated according to the origin of radionuclides, i.e.

types of facility (reactors and post irradiation examination facilities) and mechanisms of radionuclide

generation (activation and fission). The correctness of the estimated spectrums is being evaluated by

radiochemical analyses for generated waste.

And then it was categorized into three groups based on types of disposal facilities and the specific

activity concentrations of major radionuclides that were estimated by the spectrums and surface dose rates

of waste packages. Namely, the first group can be disposed of into a simple earthen trenches, the second

group should be disposed of by using engineered barriers such as concrete vaults in the near surface of the

earth, and the third group should be disposed of at 50 - 100 m under the surface. The quantities,

radioactivity and major characteristics of each group are described below.
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(1) Group 1 - The total weight of this group is about 15,200 tons. This group of waste is mainly

generated from the decommissioning of research reactors and material of it is concrete. The major

radionuclides that are contained in this group are 3H, ^Co, 152Eu, 154Eu and 137Cs. The

radioactivities of beta- and gamma-radionuclides and alpha-radionuclides are about 0.5 TBq and 1.2

GBq, respectively.

(2) Group 2 - - The total weight of this group is about 18,300 tons. These wastes are mainly generated

from the operations of research reactors and post irradiation examination facilities. The major

radionuclides that are contained in this group are 3H, ̂ Co, 63Ni, '"Sr, 137Cs, 154Eu, ^ P u and 244Cm.

The radioactivities of beta- and gamma-radionuclides and alpha-radionuclides are about 0.5 PBq

and 0.27 TBq, respectively.

(3) Group3 - - The total weight of this group is about 900 tons. These wastes are mainly generated from

the operations of post irradiation examination facilities. The major radionuclides that are contained

in this group are ^Pu , 240Pu and 241Am in addition to the radionuclides of Group 2. The

radioactivities of beta- and gamma-radionuclides and alpha-radionuclides are about 39 PBq and 55

TBq, respectively.

Based on the above data, the preliminary performance assessments for near surface disposal were

carried out to check the important radionuclides from the viewpoint of exposure doses based on site-generic

conditions. The exposure doses were estimated on three exposure scenarios caused by groundwater

migration of radionuclides and inadvertent human intrusion for construction or settlement into the former

disposal site. According to the results, twenty-nine radionuclides including 11 alpha-ray emitting actinides

were selected as the candidate important radionuclides for Group 1 and 2. Compared to the important

radionuclides for operational waste from commercial power reactors, 36C1, ̂ K, 79Se, 108mAg and 166mHo are

added and 129I is dropped. These differences were mainly caused by type of facilities and materials to be

considered For example, neutron activation of aluminum used in research reactors as core components

causes 108mAg, but aluminum is not used for commercial rectors. The amount of activated concrete arising

from reactors during operational period is small, thus '"'K that is generated by activation of concrete is not

selected for operational waste for commercial reactors. The selected important radionuclides will be

reevaluated in the future based on the data from the radiochemical analyses and site-specific conditions.
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RADIOACTIVE WASTE MANAGEMENT IN THE REPUBLIC OF
KAZAKHSTAN

A. KM
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Almaty, Kazakhstan

A.. ROMANOV
State Company Uranlikvidrudnik,
Stepnogorsk, Kazakhstan

This paper presents the major factors responsible for the generation of radioactive waste in
Kazakhstan, such as activity of the enterprises of uranium mining and milling industry, including
geological exploration of uranium, power and research reactors, nuclear explosions, activity of the
enterprises of mining and milling of commercial minerals containing radioactive elements, and
use of radioisotopes in medicine, industry and scientific research.

Legislative base of Kazakhstan in the field of atomic energy use, which creation was
beginning after getting of the sovereignty in 1991 to the Republic of Kazakhstan, is described.
State regulation system of radioactive waste management, including State Bodies such as Atomic
Energy Committee of the Republic of Kazakhstan, Ministries of Natural Resources, Energy and
Mineral resources, Interior, Agencies of Health and Emergency Situations is presented also.

The problem of the final disposal of radioactive waste is discussed. The possibilities of
spent sealed sources disposal with using of the natural derivations and results of researches in this
area are considered.
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NATIONAL POLICY FOR CONTROL OF RADIOACTIVE SOURCES AND
RADIOACTIVE WASTE FROM NON-POWER APPLICATIONS IN LITHUANIA
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Vilnius, Lithuania
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Vilnius, Lithuania

1. State Register of Sources of Ionizing Radiation

According to the Law on Radiation Protection of the Republic of Lithuania [1] (passed
in 1999), the Radiation Protection Centre of the Ministry of Health is the regulatory authority
responsible for the radiation protection of public and of workers using sources of ionizing
radiation in Lithuania. One of its responsibilities is the control of radioactive sources from the
beginning of their "life cycle", when they are imported in, used, transported and placed as
spent into the radioactive waste storage facilities.

For the effective control of sources there is national authorization system (notification-
registration-licensing) based on the international requirements and recommendations [3, 4, 5]
introduced, which also includes keeping and maintaining the Register of Sources, controlling
and investigating events while illegally carrying on or in possession of radioactive material,
decision making and performing the state radiation protection supervision and control of users
of radioactive sources, controlling, within the limits of competence, the radioactive waste
management activities in nuclear and non-nuclear power applications.

According to the requirements set out in the Law on Radiation Protection [1] and the
Government Resolution "On Establishment of the State Register of the Sources of Ionizing
Radiation and Exposure of Workers" (1999) and supplementary legal acts, all licence-holders
conducting their activities with sources of ionizing radiation have to present all necessary data
to the State Register after annual inventory of sources, after installation of new sources, after
decommissioning of sources, after disposal of spent sources, after finishing the activities with
the generators of ionizing radiation. The information to the Radiation Protection Centre has to
be presented every week from the Customs Department of the Ministry of Finance about all
sources of ionizing radiation imported to or exported from Lithuania and the information
about the companies performed these procedures.

The State Register of Sources of Ionizing Radiation is managed in local software,
based on the FOX PRO database system. The software provides to print out various kinds of
reports about the sources — couple of options are available to investigate the "source's life".
The RAIS (Regulatory Authority Information System), version 2.0, provided by the
International Atomic Energy Agency (IAEA) is now under examination and after necessary
changes it will be translated into Lithuanian language and adopted to the local conditions.
Improving the system, the database on spent sealed radioactive sources will be also included
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that will allow to have clear and objective information about the sources disused or sources
sent for disposal.

2. Inventory of Sources in Lithuania

The principal users of sources of ionizing radiation in non-power applications in
Lithuania can be splitted up into different categories, namely: industry, hospitals, research
institutions and others (i.e. museums, libraries).

The inventory of sources of ionizing radiation in Lithuania and the principal users of
sources are presented in Table 1.

Table 1. Number of sources of ionizing radiation in Lithuania (as for September 2001)

Area of practice

Scientific research
Health care
Industry
Others
Total

Number of
institutions

24
533
79

207
843

X-ray
tubes

75
1658
144
87

1964

Sealed sources

Total

489
153

32118
13518
46278

Sources of
them

installed in
smoke

detectors
360

0
23250
6992

30602

Total

564
1811

32262
13605

48242a

aincluding radioactive sources used at the Ignalina nuclear power plant.

The maximum activities of the most important sealed sources are presented in Table 2.

Table 2. Maximum activities of the most important sealed sources used in Lithuania

Radionuclide
Cs-137
Ir-192
Co-60
Pu-239
Cf-252
Pu-Be
Ra-226

Maximum activity, Bq
3.5-1012

2.6-1012

2.6-1014

9.6-10y

5.0-10lu

1.3-10'°
4.7-108

3. Processing and Storage of Radioactive Waste outside Nuclear Area

Radioactive waste generated during the use of sources of ionizing radiation (excluding
those generated in the nuclear fuel cycle) shall be managed according to the basic radioactive
waste management principles and requirements set out in the Law on the Management of
Radioactive Waste [2] and in the Lithuanian Hygiene Standard HN 89:2001 "Management of
Radioactive Waste" [6], approved by the Minister of Health in 2001. There are requirements
for the local waste management (at users' premises) established. Detailed requirements for the
management of solid (including spent sealed sources), liquid, gaseous radioactive waste are
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established, basic requirements for the temporary radioactive waste management facilities,
located at users' premises, are set out. There shall be three options for the management of
radioactive waste generated during the licensed practice applied:

waste below clearance levels shall be managed as ordinary waste or disposed of to
environment;

- waste containing short lived radionuclides (with half-life less than 100 days) shall be
stored at user's premises until the clearance levels will be reached and disposed of to
environment;
if the above mentioned conditions are not met, radioactive waste shall be transported to
the interim radioactve waste storage facility [6].

Local waste management operations include collection, segregation, sorting and
storage for decay. Liquid radioactive waste generated at users' premises shall be in addition
solidified.

Radioactive waste generated at users' premises and at the Ignalina nuclear power plant
(Ignalina NPP) are transported to one radioactive waste interim storage facility, located on-
site and operated by the Ignalina NPP operating organization. The institutional waste is
accepted since September 1990, after at the end of 1988 the Maisiagala radioactive waste
repository was closed.

Until 2000 radioactive waste was segregated by the type of radioactivity (alpha, beta,
gamma, neutron) and was placed straight to the appropriate canions (designated for alpha,
beta or gamma radioactive waste) into interim storage facility. Since September 2000 the
INPP offers the placement of sources into appropriate protective cast iron containers of type
K-50, K-100, K-150, specially designed for sources emitting alpha, beta and gamma
radionuclides (with the wall thickness of 50, 100 and 150 mm respectively) to be stored at the
interim waste storage facility. The procedures are co-ordinated according to requirements of
legal acts.

According to the Law on Management of Radioactive Waste [2], the Radioactive
Waste Managament Agency is established in 2001. The principal aim of the Agency is to
manage and dispose all radioactive waste transferred to it, assuring nuclear and radiation
protection. The Agency shall be the operator of storage facilities and repositories assigned to
it.

It shall be noted that no final radioactive waste disposal site is available in Lithuania
yet. The Agency and other authorities shall take proposals to initiate projects related to
investigation of sites suitable for final disposal. This important point will be reflected in the
National Radioactive Waste Management Strategy which is planned to be approved in
September 2001. It will provide future plans and financial estimations for the management
and final disposal of radioactive waste.

Problems could arise with the retrieval of the waste from the interim storage facility
and Maisiagal repository in order to make proper characterization of the waste intended for
final disposal. Especially this may be sensitive questions with Maisiagala repository because
of not exact inventory of radioactive waste known. Several research projects are initiated in
order to solve this problem.
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4. Conclusions

1. The State Register of Sources of Ionizing Radiation allows to have a clear picture about
the inventory of radioactive sources in Lithuania, which is the basis for the regulatory control
of sources.
2. Management of institutional radioactive is regulated by a number of national legislation
and is a inseparable part of the whole legislation system related to radioactive waste
management in Lithuania.
3. There are no final radioactive waste disposal sites available in Lithuania yet. The National
Radioactive Waste Management Strategy will be approved in September 2001.
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MANAGEMENT OF RADIOACTIVE WASTE FROM NON-POWER
APPLICATIONS IN THE NETHERLANDS
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The Netherlands

In The Netherlands there are some 200 producers of radioactive waste, varying from
research establishments, all sorts of industries, hospitals and one operating nuclear power
plant. Therefore, most of the volume of radioactive waste produced in The Netherlands
originates from non-power applications. The majority of these waste producers generate only
small volumes of low- and medium-level waste. However, the waste covers a wide range of
forms: solids and liquids of all natures, slurries, animal carcasses, equipment, sealed sources
etc.

Some processing industries generate larger volumes of solid low level radioactive
material with 'natural' radionuclides only. The concentration of the radioactivity is low but
the nuclides present are amongst others polonium and radium isotopes, which are highly
radiotoxic. These materials are commonly called NORM or TENORM waste: (Technically
Enhanced) Naturally Occurring Radioactive Material.

The presence of an uranium enrichment plant in The Netherlands also results in the
production of depleted uranium, which has to be taken care of.

The application of radioactive materials is permitted only if licensed under the Nuclear
Energy Act and this act stipulates that a licensee can only dispose of its waste by handing it
over to the authorised waste management organisation. Of course, 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 from the environment, controlled and
monitored.

All radioactive waste produced in The Netherlands is managed by COVRA, the central
organisation for radioactive waste. COVRA has been set up in 1982 and its only statutory task
is to execute the policy of the government with respect to radioactive waste. This means in
practice the collection and shipment, the treatment, conditioning and storage of radioactive
waste.

Financing of these activities is done according to the principle "the polluter pays". All
costs are covered by the fees paid for the waste transferred to COVRA. The fee does not only
include all direct costs for transport, conditioning and storage, but also all financial provisions
for the costs of future storage and eventually disposal. COVRA takes over full title of the
waste and fees paid for will not be adjusted retrospectively.

All conditioned waste will be kept in storage buildings for a period of at least 100
years. After this period some of the waste will have decayed to a non-radioactive level. The
remainder will have to be disposed of in the deep underground or treated and managed
according to then existing possibilities.
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COVRA has a site available of about 30 ha at the industrial area Vlissingen-Oost. Here
a facility is in operation for the treatment and storage 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 waste.

A storage facility for high level waste is under construction and in 2000 a storage
building for very low level radioactive waste from ore processing industries was
commissioned.

The unconditioned low- and medium-level waste that is collected must be treated in
such a way that a product results that can safely be stored for at least 100 years. The large
variety of unconditioned waste forms requires the availability of various treatment systems,
such as a 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. The final conditioned waste form is a cemented package of 200
or 1000 litre. These packages are stored in concrete storage buildings.

At the moment COVRA operates three storage units, each unit has a capacity for
approximately 10 years production of conditioned waste. At the site there is room available
for sixteen storage units. In the storage area's 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.

Waste from the oil and gas industry is produced in relatively small quantities: a few to
some tens of m3, but in a large variety of forms. Solid waste as well as liquids and sludges are
produced. The solid waste from the oil and gas industry consists mainly of piping, but also
other installation parts and 'normal' waste material. Whenever possible the piping does not
reach the radioactive waste status. The contaminated pipes are cleaned and later reused or
disposed of as non-radioactive scrap. The radioactive waste resulting from the
decontamination process and all 'normal' waste materials can be treated as standard solid
radioactive waste.

The liquid waste and sludges from the oil and gas industry need a pre-treatment step in
order to separate the radioactive component. This process is done outside COVRA and is in
an advanced but still experimental stage. The resulting radioactive waste can be taken over by
COVRA.

Waste from phosphor production or other ore-processing industries is produced in
much larger quantities but generally as a stable and solid product, such as a calcinate. The
phosphor production plant generates around 1000 tonnes of calcinate per year. The activity in
this calcinate is dominated by polonium, bismuth and lead isotopes. Depending on the initial
activity the material will have decayed to exemption/clearance levels within 100 to 150 years.
So after the foreseen storage at COVRA as radioactive waste, the material can be disposed of
as chemical waste.

The calcinate itself is a stable product that does not need to be conditioned to assure
safe storage. It is collected in a specially designed 20-ft containers and these are stacked four
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high in the container storage building. This building can modularly be expanded. Technical
provisions inside the building are minimal. With mobile equipment the air humidity in the
storage building is kept between 60 and 70%. All containers must be free of outside
contamination according to normal transport requirements. So inside the building
contamination should not be present.

Depleted uranium from uranium enrichment is generally not regarded as waste. The
depleted material still contains uranium that -depending on economic factors- can be used as
feed material for an enrichment process. However when larger quantities are in stock and real
use is not foreseen within some tens of years, the product comes close to the definition of
waste. In the Netherlands a maximum of 2500 tonnes of depleted uranium is produced per
year. For depleted uranium a solution similar to the one as for the calcinate has been chosen:
storage of unconditioned material in larger containers. The depleted uranium is produced as
UF6. This is not a stable product suitable for long term storage and therefore this depleted UF6

will have to be transformed in the very stable U3O8. This will be done in foreign installations.

60



IAEA-CN-87/56 XA0103310

Status and issues on storage and disposal of radioactive waste from non-power applications

Patrick O'Sullivan
NRG, The Netherlands

The first part of the paper will outline and interpret the main legal provisions in the EU
applying to the management of radioactive waste from non-power station applications including
waste containing natural radioactivity from oil and gas production. It will include issues relating
to transport, storage and disposal of the waste. Important Directives include:

• Council Directive 96/29/Euratom - which lays down basic safety standards for the health
protection of the general public and workers against the dangers of ionising radiation

• Council Directive 92/3/Euratom - which addresses the supervision and control of radioactive
waste between Member States and of shipments into and out of the community

• Council Directive 97/11/EC - which requires an environmental impact assessment to be
undertaken for facilities for disposal or long-term storage of radioactive waste.

The second part of the paper will discuss management schemes for non-power station
waste in key EU member states, particularly the UK, Germany and the Netherlands, including a
review of the facilities for waste storage and disposal. There is a wide diversity of approaches
between different member states, reflecting different rules applying to the fate of waste materials.
For example, in the Netherlands, waste for which the total activity concentration is less than 100
Bq/g dry weight can be unconditionally released, whereas, if the activity exceeds that level, it
must be transferred to an authorised facility for treatment and storage. In Germany, material
from oil and gas exploration with activity concentrations in the range 0.5 to 500 Bq/g has to be
backfilled into abandoned wells. Wastes with activity concentrations of greater than 500Bq/g
have to be treated and stored. Different rales also apply to the disposal of liquid waste.

There are centralised facilities for treatment and long-term storage of waste, including
disused sources, in Austria, Belgium, Denmark, Finland, France, Italy, the Netherlands, Portugal,
Spain, Spain, and the United Kingdom. Depending on activity levels, final disposal is also
possible in national repositories in five of these countries: Finland, France Spain, Sweden and the
United Kingdom. In Germany, there are interim storage facilities (Landessammelstellen) in 14
the 16 federal states, though most of these facilities do not condition waste. There are no
centralised facilities in Greece, Ireland and Luxembourg, so that wastes need to be stored at the
site of arising.

The final part of the paper will describe specific experiences in the Netherlands in the
management of wastes from oil and gas production on the Dutch continental shelf, where there is
a requirement that all solid wastes are collected and brought on shore for treatment.
Arrangements for bringing contaminated equipment on shore and management of wastes from
the decontamination process will be discussed.
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Management of Low and IntermediateLevel Radioactive Wastes at Pakistan
Institute of Nuclear Science &Technology (PINSTECH)

Hussain M., Orfi S.D., Wahid A., Aslam M., Jan F. and Iqbal T.

Health Physics Division, Pakistan Institute of Nuclear Science & Technology (PINSTECH)
P.O. Nilore, Islamabad, PAKISTAN

Pakistan Institute of Nuclear Science & Technology (PINSTECH), is a multi disciplinary nuclear
research center of Pakistan Atomic Energy Commission. Two nuclear research reactors, a radioisotope
production plant and allied experimental facilities are the major sources of radioactive wastes. The liquid
radioactive waste generated is mostly low level in specific activity. Some medium level liquid, solid and
gaseous waste is also produced. Management of the waste is the responsibility of Radioactive Waste
Management Group (RWMG) of Health Physics Division (HPD)having facilities like shielded storage
tanks, an interim storage, solid waste compactor, a small size in-drum cementizing facility, near surface
engineered trench, seepage pits for disposal and a testing radiochemistry laboratory equipped with
counting systems.

To fulfill its obligations, the group follows the code of Practice for conducting radiation work at
PINSTECH and guidelines framed by the national nuclear regulatory bodies. The basic concepts of delay-
decay-dilution and containment & disposal of the radioactive waste in a system to prevent its direct
contact with human and its environment till it is no more hazardous, are worked with. Waste is
segregated/classified according to IAEA and national guidelines.

Shallow ground disposal is the prime practice prevailing at PINSTECH. The area has favourable
characteristics and ion-exchange properties. Dry climate, and high evaporation rate support shallow
ground disposal. On average about 20 m3 of solid waste and about 2000 m3 low level liquid waste is
handled annually.

The low level liquid radioactive waste is collected in tanks of different capacities installed at
different locations. These tanks are equipped with level indicators, recirculation & mixing/purging
systems. The contents of the tanks are frequency analysed for gross beta-gamma activity and
concentration of different radionuclide so as to decide further storage or disposal. If specific radioactivity
is < 3.7 MBq/m3, the liquid waste is disposed of into shallow ground pits specially developed for this
purpose in the controlled area. To achieve maximum removal of radioactive/chemical species of the
liquid waste prior its disposal, a pilot scale facility based on co-precipitation technique is being
developed. The precipitate so obtained will be immobilized into a cement-concrete matrix.

The medium level liquid waste mainly comes from the radioisotope production plant and is
stored in the interim storage facility for decay, where it remains for a few years. After reaching the
required activity level, it is discharged through the low-level waste stream where upon it gets further
diluted and disposed off.
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The solid radioactive waste mainly composed of small discards, spent ion-exchange resins and
water filters from deminerallizer is, embedded in cement-sand-concrete matrix filled in MS drums and is
transferred to disposal area. Monitoring of radiation and contamination levels is being carried out with
dose-rate and contamination monitors.

The gaseous radioactive waste expected to be produced during normal operation and postulated
accidents, is diverted towards stack through ventilation system and released to the atmosphere. The gases
leading to stacks during nonnal and shut down situation are passed through absolute filters except the
exhaust from shower rooms and toilet. Normal exhaust system remains operative all the times. However,
some sub systems are made functional only when reactor is operation. To check the efficiency of the
filters, air monitorig/sampling is done independently on routine bases. Post disposal monitoring through 6
bore-holes of different depth around lilquid and solid waste disposal pits is done on routine basis. Area
monitoring using TLDs is also practiced. The group also psrovides certain decontamination services.

Management of spent Sealed Radiation Sources (SRS) is another important work being
undertaken at the Institute. The spent sealed radiation sources form industry, medical centres and other
research organizations are collected and managed properly.
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National Strategies in Managing Radioactive Wastes in the Philippines
by: Edilberto A. Cabalfin

Chief Science Research Specialist
Nuclear Services and Training Division

Abstract

Radioactive waste management in the Philippines is described. The paper traces the
historical development of the program along with the development of nuclear energy in the country
itself Present strategies are described in response to (he situation obtaining in the country.

Lesson learned from the experience are also identified and some observations in resolving
issues delaying problem are mentioned.

Introduction:

The Philippines became nuclear when Republic Act 2067 was passed, authorizing the
creation of the Philippine Atomic Energy Commission (PAEC). It was mandated to, among other
functions, license and regulate activities relative to the production, transfer and utilization of
nuclear and radioactive materials, and operate and maintain nuclear research reactors and other
radiation facilities. It was reorganized in 1988 and now called the Philippine Nuclear Research
institute (PNRI). It carried the same mandate and responsibilities as its predecessor.

One such facility is for the management of radioactive wastes generated in the country.

In the 36 years or so that PNRI managed the radioactive waste generated in the country,
collections were very minimal and were predominantly composed of short lived wastes from
nuclear medicine laboratories, spent sealed sources from industry, and occasionally
decommissioned teletherapy sources from hospitals. Solid waste collected were made up of the
usual used vials, paper towels, discarded glasswares and generally materials used in nuclear
research or service laboratories. On the average less man 500 liters of liquid wastes, about 10
cubic meters of solid wastes and about 100 units of spent sealed sources were collected annually.
A special waste collected were the radium 226 needles which the Institute required the
owner/users to turn over to the institute.

Historical Events in the Management of Radioactive Wastes

Republic Act 2067 was enacted in 1958, which initiated the organization of the Philippine
Atomic Energy Commission (PAEC) and the construction of the Philippine Atomic Research
Center (PARC) with its 1 megawatt pool type research reactor. The reactor became critical in
1963. At the same time, the Health Physics Department (the forerunner of the present Radiation
Protection Unit) begun to offer its services. One of these was to take _cWe of the radioactive
waste generated by me researchers in the center and some nuclear medicine laboratories in a few
hospitals. As the number and volume of radioactive waste increased, through the years, the
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program of activities also grew and expanded into other related activities such as the
decommissioning of radiation laboratories.

As early as 1963, research studies were conducted in several areas, in aid of determining
the concepts and operating procedures for the "treatment" and disposal of the collected radioactive
waste. Studies were made on the radiological capacity of one of the creeks running near the PAEC
for possible "disposal" area Studies on the sorptive capacity of volcanic rock deposits were also
made. Also conducted were to determine the concentration factors of key environmental
compartments in the proposed area These were the creek beds, water plants grown in the creek
(epomea) and a species of catfish found in fresh water. However the use of the creek was not
pushed through due to changes in policies and the site itself

As far as the physical infrastructures were concerned, the radwaste storage facilities
started out as temporary sheds constructed in an isolated portion of the compound. Since then it
has grown into its present status composed of a two story treatment building, and four concrete
trenches for temporarily storing radwaste that have been immobilized with concrete in steel drums.

In 1974 when Philippines decided to build a nuclear power plant, a parallel program to
find a repository essentially for the radioactive waste generated by the power plant, was initiated
and participated in by other government agencies namely; the PAEC as the lead agency, the
National Power Corporation (NPC) (the utility), the Philippine Atmospherical Geophysical
Astronomical Services Agency (PAG-ASA), the Ministry of Interior and Local Government,
Bureau of Coast and Geodetic Surveys (BCGS), and Ministry of Public Works as members.

A number of sites were identified, but due to political pressures and reactions from leaders
of local government and stake holders, the study decided to limit its activities to a candidate site
located in the Bataan Nuclear Power Plant site itself, where the issue of public acceptance has
already been addressed.

A change in government in 1986' resulted in the mothballing of the almost completed
nuclear power plant This also resulted in the suspension of the siting studies.

Meanwhile PNRI continued to collect, process and store radioactive wastes from
users/licensees.

In 1996, the interagency committee was revived to study the nuclear option again.
Membership changed to include the Department of Energy (DOE), the Department of Science and
Technology (DOST), Office of the President (OP), Department of Environment and Natural
Resources (DENR). The committee divided its deliberations into 6 areas of concern; one of
which was the concern of radioactive waste management A major activity identified to be
undertaken was the continuation of the siting studies. The first phase of the study was completed
in 1999 and again several candidate sites were recommended for site specific studies. To date
plans to proceed with the conduct of site specific activities have been finalized with public
information/acceptance as a major concern.
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Present Strategies

In view of the existing situation obtaining in the country, the PNRI is expected to continue
providing its licensees and its own facilities, the necessary services to ensure that radioactive
wastes in me country are safely and effectively managed, following IAEA recommendations.

PNRI will also continue to upgrade its facilities, strengthen its regulatory infrastructures,
and conduct developmental research to determine the best technology for the country.

Lessons Learned

From our experience a number of inferences were garnered to indicate the importance of
certain factors that could influence the implementation of the program.

* Communicating, let alone convincing the public about radiation and specially
radioactive waste is a very difficult process. It cannot be pursued with logic or scientific facts
alone. Somehow the cultural character of a people must have to be understood and employed in
the strategy.

* Law makers, decision makers, local government, opinion makers and stake holders
have to be convinced to say the least, that what you are doing is safe, will benefit their
constituents, and directly reflect on their own performance as "public servants" or concerned
groups.

* Involve as many sectors in the planning process to ensure success. It is not
necessary that the opinions of all sectors are adopted in the plan. The idea is that they have
participated in the process, and their opinions heard. Conflicting ideas are often resolved in the
forum. The technical basis should however be clear, appropriate and understood by all.

* Experts from the more advanced countries with their advanced technology, do not
necessarily provide appropriate recommendations suitable to the specific needs of the country.
The recommendations might be both difficult and expensive to comply with local resources.

* The more advanced the technology adopted in the treatment facilities, the more
difficult it is to maintain and operate them in a developing country specially when replacement
parts and/or materials have to be obtained from abroad.

* Availability of funds is a major draw back in satisfying the question "how safe is
safe" or complying with design specifications.

* The very slow progress in deciding safety issues in advancercountries inspite of
their science and technology, is creating an impression that there is no "safe" solution to the
problem of waste disposal. It does not matter whether the reason for the delay is technical or
political. The impact of these delays are all the same in the developing countries.

Concluding remarks

From the above experiences, it appears mat unless the problem of radioactive waste
management are resolved with the primary objectives of finding solutions, and not to justify one's
position in the controversies, the question of what is appropriate and adequate enough to safely
manage radioactive wastes will remain an open question.
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DISPOSAL OF PHOSPHOGYPSUM WASTE
CONTAINING ENHANCED LEVELS OF RADIOACTIVITY

Fernando P. Carvalho
Nuclear and Technological Institute

Department of Radiological and Nuclear Safety
E.N. 10, P-2686-953 Sacavem, Portugal

From production of phosphoric acid based on the reaction of fosforite with sulphuric
acid, manufacturers either have released the phosphogypsum containing uranium decay
products into the aquatic environment or have stockpiled the phosphogypsum on land.

In Portugal two factories have produced phosphoric acid by this wet chemistry method
during several decades, from the 30s till the late 80s. The radioactivity remaining in the
phosphogypsum depends upon the composition of the raw material used and upon the
efficiency of the chemical reaction method. In one factory, using mainly fosforites from Syria
and Tunisia, 226Ra concentrations in the gypsum were at about 600 Bq kg"1 and at about the
same level for 210Pb and 210Po. In another factory, using mainly fosforites imported from
Morocco, radionuclide concentrations in gypsum were higher, at about 1000 Bq kg"1 for the
same radionuclides.

Phosphogypsum waste stockpiled on land and uncovered may undergo weathering, including
the slow dissolution of calcium sulphate by rain water. This process may be accompanied
with partial dissolution of 226Ra, which leaches from the stockpiles, whereas the less soluble
210Pb and 210Po nuclides may remain in the gypsum.

In one place, the stockpiles of phosphogypsum have been exposed in the open air for
years until recent coverage with soil and vegetation. This remedial action to confine the
phosphogypsum have reduced surface runoff, radium leaching and waste disposal. It may
have contributed also to reduce radon emmanation.

In another site, the gypsum stockpiles are still uncovered in the open air. The disposal
site was a former salt evaporation bassin with compact, highly impermeable, fine grained
grounds. The gypsum stockpiles are sorrounded by ditches to retain rain water drainage. In the
water accumulated in the ditches high concentrations of 226Ra were measured as well as
relatively high concentrations of 210Pb and 210Po, although these ones associated mainly to
suspended partides.

With time phosphogypsum piles become compact and are not easily dispersed by the
wind. Radon emmanation and radionuclide leaching by rainwater are the main dispersion
routes of radionuclides. To reduce environmental contamination the use of a sorptive layer of
clay and coverage with soil may be appropriate means to avoid contamination of underground
aquifers through percolation and to reduce radon emmanation into surface air.

Final management decisions were not made as yet, but testing is underway to advise
on the best solutions to confine phosphogypsum contained radioactivity.
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Authors : F:. Dragolici, C.N.Turcanu, Gh. Rotarescu, L.Lungu
National Institute of Research and Development for Physics and Nuclear
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The management of the non-fuel cycle radioactive wastes from all over Romania is
centralised at IFIN - HH in the Radioactive Waste Treatment Plant (STDR). Final disposal is
carried out at the National Repository of Radioactive Wastes (DNDR) at Baita Bihor.

Wastes containing short-lived radionuclides, which do not require any special
treatment, except the temporary retention at the producer for decay period, may than, be
transferred as a normal non-radioactive waste. Wastes containing long-lived radionuclides
are collected, treated and conditioned at IFIN - HH before final disposal.
Radioactive wastes treated at STDR arise from three main sources:

1. Wastes arising from the WR-S research reactor during operation and the future
decommissioning works.

2. Local wastes from other facilities operating on IFIN - HH site. These sources
include wastes generated during the normal activities of the STDR.

3. Wastes from IFIN - HH off site facilities and activities including medical, biological,
and industrial applications all over the country.

The Radioactive Waste Treatment Plant was comissioned in 1975 and it represents a
fully import from FEL - England . Except the central building which contain the incinerator,
the liquid effluents treatment instalation, all the equipments for solid waste conditioning, the
laboratories and the offices, the plant has in compound five interim storage repositories and a
building for two 300 m3 tanks in which are collected the contaminated waters from the nuclear
research reactor, radioisotope production department and nuclear medicine department. The
five cellular repositories are used for the interim storage of the conditioned drums until their
transfer to Baita final repository.

The STDR basically consists of liquid and solid waste treatment and conditioning
facilities, a radioactive decontamination centre, a laundry and an intermediate storage area.

The processing systems of the plant are located in six principal areas performing the
following activities:

1. Liquid effluents treatment;
2. Solid combustible burning;
3. Solid non-combustible compaction;
4. Cement conditioning;
5. Radioactive decontamination;
6. Laundry.

Operational wastes arising for processing at the STDR are classified as Low Level and
Intermediate Level Wastes according to adopted criteria for national classification.
According to Art. 346 in the National Regulations for Nuclear Safety (NRSN) the STDR at
IFIN - HH is the only unit that was designed and is operated for the management of
institutional waste within Romania in a centralised manner.
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Present status
Type

Of
Waste

Low Level
Aqueous
Low Level
Solid
Intermediate
Level

Spent
Sources
Fire
Detectors
Neutron
Sources
Conditioned
Package

of STDR-IFIN-HH
Storage
Capacity

(total)
2x300 ma

20 m3

200 m3

(shielded
drums)

3,000

~10&

-100

3,000

Present
Storage
Status

-40%

3 m3

12

40

16,908

18

800
(corroded drums)

Maximum
Activity

37 MBq/m3

(10"3 Ci/m3)
37 MBq/m3

dO^Ci/m3)
Equivalent to
surface dose rate of
2 mSv/h (200
mrem/h)
370TBq(104Ci)

1.85x107Bq
(0.5 mCi)
Non established

Conforming with
operation licence

Maximum
Annual
Arising

103m3

103m3

70 shielded
drums

400

104

20

400

Beginning in 1990, many experts' missions visited STDR and DNDR under the
auspices of AIEA and EEC technical co-operation projects. Nearly all experts while
recognising the scientific level and experience of personnel, strongly recommended
corrective measures and up-grading of facilities and operational practices, as follows:

• a national policy addressing the management of radwaste at national level for at least the
next 10 years should be established;

• elaboration of comprehensive safety analysis addressing the management of anticipated
arising waste should be performed;

• refurbishment of processing and control systems is needed;
• amending of operational practices taking into account ICRP recommendations on dose

limits for workers and public is also needed.
Regarding radioactive waste management resources at IFIN-HH, to face future needs

and reactor decommissioning, a "Technical analysis of STDR", was completed by CITON (a
nuclear design company) in December 1997 include:

• a technical analysis of the present status of STDR systems (engineering electric,
instrumentation and control, natural gases and compressed air, heating installations,
ventilation and air conditioning, and health physics instrumentation), taking into account the
long period of operation and factors such as corrosion;

• suggestions for both refurbishing of the existing installation for treating , decontamination
and conditioning of reactor decommissioning wastes, with the objective of meeting state-of-
the art techniques and international recommendations. The selected solutions are
established in principle, but are still to be finalised in further feasibility studies;

The replacement of process equipment and control instrumentation is imposed by
factors such as:

1. damage during operation;
2. up-dating of operational conditions;
3. to meet modern standards.

Up-dating of STDR is imposed by national regulations and technical constrains,
because the facility must remain operational for at least the next 20 years. The management
of currently occurring radioactive waste will be improved soon, and adequate management of
decommissioning waste will be achieved in 3-5 years while keeping nearly the same
processing capacity.
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NEW SORPTION-]REAGENT MATERIALS FOR DECONTAMINATION
OF LIQUID RADIOACTIVE WASTE

V.A. Avramenko, A.P. Golikov, V. V. Zheleznov, E. V. Kaplun, D. V. Marinin,
T.A. Sokolnitskaya

Institute of Chemistry FEDRAS, Vladivostok, Russia

Use of selective sorbents in liquid radioactive waste (LRW) management
is widely spread in the field of nuclear power objects liquid waste
decontamination, since the main objective there is to remove long-lived
radionuclides of the nuclear cycle. The latter include, first of all, cesium-137,
strontium-90, cobalt-60 and a number of a-irradiators. In this case LRW
composition for most of the nuclear power objects is rather simple, except acidic
deactivation solutions. At the same time, liquid radioactive wastes of different
research centers have a variable chemical and radiochemical composition
depending on objectives and tasks of a given center research activities. As a
result, application of sorption technologies in such waste decontamination
determines special requirements to these sorbents selectivity: a wide spectrum of
radionuclides that can be removed and fairly high selectivity enabling to remove
radionuclides from solutions of complex chemical composition (containing
surfactants, complexing agents etc.)

This paper is concerned with studying properties of new materials
selective to different radionuclides. These materials are capable to interact with
solution components whether already contained in the waste or deliberately
added into resulting solution. Such sorption-reagent materials combine universal
character of co-precipitation methods with simplicity of sorption methods.

In this work we studied sorption-reagent inorganic ion-exchange materials
interacting with sulfate-, carbonate-, oxalate-, sulfide-, and permanganate-ions.
Insoluble compounds formed as a result of this interaction increase tens- and
hundreds-fold the sorption selectivity of different radionuclides - strontium,
cobalt, mercury, iron, and manganese as compared to conventional ion-exchange
system.

By means of X-ray phase analysis, IR-spectroscopy, chemical and
radiochemical analysis, we have studied the mechanism of radionuclide sorption
on different sorption-reagent materials and it was shown that a dramatic increase
of the sorption selectivity results from radionuclide co-precipitation on micro-
particles of insoluble precipitates inside the pores of inorganic matrices and
from selective ion exchange on the matrix.

The most interesting features of the sorption-reagent method of LRW
decontamination are observed in the process dynamics. We have studied the
sorption dynamics in sulfate, sulfide and permanganate sorption-reagent systems
and it has been shown that the radionuclide sorption dynamics in such systems is
substantially different from sorption and ion-exchange dynamics. We have
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developed a mathematical model of simultaneous reagent front motions, ion
exchange and radionuclide co-precipitation. The radionuclide sorption dynamics
was simulated and the model was found to explain main features of the sorption-
reagent radionuclide decontamination.

The efficiency of decontamination of LRW of complex chemical
composition from cesium, strontium and cobalt radionuclides by the sorption-
reagent method was shown. While conventional selective sorbents (zeolites,
titanates, silicotitanates, different forms of manganese dioxide) are not capable
to remove selectively strontium and cobalt radionuclides from solutions with
high complexing agent content, the sorption-reagent materials enable to achieve
the extent of LRW decontamination meeting the radiation safety normative
documents.

The pilot-plant scale sorption-reagent installation for LRW management
has been tested at different nuclear industry objects and waste decontamination
facilities of the A. A. Bochvar Research Center VNIINM (Moscow, Russia).
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THERMOCHEMICAL TREATMENT OF RADIOACTIVE WASTE BY USING POWDER
METAL FUELS

S.A. Dmitriev, M.I. Ojovan, O.K. Karlina
Moscow SIA "Radon", Moscow, Russia,

A thermochemical approach was suggested for treating and conditioning specific
streams of radioactive wastes for example spent ion exchange resins, mixed, organic or
chlorine-containing radioactive waste as well as in order to decontaminate heavily
contaminated surfaces. Conventional treatment methods of such waste encounters serious
problems concerning complete destruction of organic molecules and possible emissions of
radionuclides, heavy metals and chemically hazardous species or in case of contaminated
materials - complete removal of contamination from surface. The thermochemical treatment
of radioactive waste uses powdered metal fuels (PMF) that are specifically formulated for the
waste composition and react chemically with the waste components. Thermochemical
treatment technologies use the energy of chemical reactions in the mixture of waste with PMF
to sustain both decomposition and synthesis processes as well as processes of isomorphic
substitutions of hazardous elements into stable mineral forms. The composition of the PMF is
designed in such a way as to minimise the release of hazardous components and radionuclides
in the off gas and to confine the contaminants in the mineral or glass like final products. The
thermochemical procedures allow decomposition of organic matter and capturing hazardous
radionuclides and chemical species simultaneously. Thermochemical treatment technologies
are very efficient, easy to apply, they have low capital investment and can be used both at
large and small facilities.

An advantage of thermochemical technologies is their autonomy. Thus these
technologies can be successfully applied in order to treat small amount of waste without usage
of complex and expensive equipment. They can be used also in emergency situations.

Currently the thermochemical treatment technologies were developed and demonstrated
to be feasible as follows:

1. Decontamination of surfaces;

2. Processing of organic waste;

3. Vitrification of dusty waste;

4. Processing of irradiated graphite.

(1). The decontamination technique based on application of PMF is used in order to
decontaminate materials (asphalt, concrete, metal), which usually cannot be decontaminated
by conventional methods. A thin layer of PMF covers contaminated materials, thereafter this
layer is burned during 1 0 - 2 0 minutes. Temperatures from 300 to 1500 C and higher
(depending on the composition of PMF) are overreached in the process of PMF combustion.
The radionuclides are volatilised from material being heated, after that cold layer of slag-like
products of combustion adsorbs them. This slag has a porous structure with highly developed
interface providing adsorption of radionuclides. After cooling the slag is removed
mechanically jointly with contamination. The efficiency of decontamination process depends
on many parameters however practically complete decontamination can be achieved using
appropriate PMF [1].

(2). Thermochemical treatment of spent ion exchange resins is carried out using a
modular facility. Wet resins and PMF previously mixed in appropriate ratio are fed into a
furnace where the reaction is initiated and combustion proceeds. The metal powder contained
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in the PMF is in the contact with the resin granules and reacts with the moisture contained in
the granules with the resulting release of the great quantity of heat. This heat is sufficient for
the moisture to evaporate and the ion exchange resin to be gasified. A high efficiency can be
obtained for the incineration of wet ion exchange resins mixed with PMF. PMF provides
complete destruction of the organic base of the ion exchange resins with minimal release of
hazardous gases and radionuclides into the environment [2].

(3). Dusty waste (like ash residue) requires stabilisation - vitrification in order to ensure
safe conditions for transportation and disposal. Vitrification of dusty waste is a process carried
out directly in the container for disposal. It consists of intermixing of dusty waste with
necessary amount of PMF, ignition of self-sustaining vitrification reaction followed by
annealing-cooling procedure. This technology was studied for a number of materials such as
ash residue produced by conventional incineration facilities, spent inorganic sorbents,
contaminated soils, salt residues after liquid waste drying. The carry over of radionuclides
during the wave-like vitrification process is low: even for most volatile species it is below 1%.
This process was tested on bench scale unit for the vitrification of ash residues volume
reduction factors up to 3 being achieved. Usually up to 60 wt.% of dusty waste can be
incorporated into a glass like material, which has high durability and low leaching rate [3].

(4). Irradiated graphite contains besides long-lived carbon isotope 14C nuclear fuel
impurities as well as irradiated corrosion and fission products. The thermochemical graphite
processing is based on the self-sustaining exothermic reactions. Thermal and chemically
stable carbides of some metals resulting from these reactions provide practically complete
retention of carbon in the final matrix form. Simultaneously other radionuclides are
incorporated into mineral-like components ensuring their long-term retention in the matrix.
An experimental bench-scale verification of thermodynamic simulation was conducted using
radioactive waste simulator (reactor graphite). The end monolithic product specimens were
obtained in the form of a carbide-corundum material of volume 500 cm3 each [4]. This
technique will be used to process the waste powder graphite from the decommissioning of
graphite reactors.

The thermochemical treatment of waste is an efficient and safe technology, which can
be used at both large and small scales. It provides qualitative treatment and conditioning of
waste with minimal impact to environment.
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Conditioning, Storage and Disposal of Radioactive Waste from non Power
Applications in Slovakia

D. Svorc, Nuclear Regulatory Authority
Slovak Republic

Wastes are produced in all areas of human activity and the task of disposing them is not easy.
It is important that the methods chosen and used for the collection, storage and processing
waste do not endanger the population or the environment. In the broad spectrum of industrial
wastes, radioactive waste is just one category. Radioactive wastes are produced in nuclear
power plants and also in other industries such as health care and by research institutes. The
risk to living organismus is due to the presence of radionuclides in the waste. National
legislation requires that these wastes can not be treated and disposed of as common waste. In
compliance with law of the Slovak Republic No 130/1998-Dg on the peaceful use of nuclear
energy; all radioactive waste management activities must be aimed at their safe disposal.

In the Slovak Republic the disposal of low and medium level wastes is carried out by binding
them in cement or bitumen in high-integrity fibre reinforced concrete containers, suitable for
long-term storage in the National Radwaste Repository at Mochovce. At the Slovak Electric
p. 1. c. a range of technologies is used for the processing of radioactive waste into a form
suitable for disposal.

These technologies are operated by a subsidiary of Slovak Electric SE - VYZ Jaslovske
Bohunice (full name: Decommissioning of the Nuclear Installations, Radioactive Waste and
Spent Fuel Management).

The conditions which underline the storage and the long-term placement of radioactive
materials and wastes are in Slovak Republic in agreement with the resolutions of our
government (190/94 and 538/95).

Identifying activities of the supervising organization SE - VYZ Jaslovske Bohunice in the
whole system of the management of the radioactive materials and institutional radwaste are as
follows:

(IRaW) - Institutional radioactive waste are wastes which contain radioactive material

Descending from the radionuclides managed outside of the nuclear power plants. They are
often produced by the research, medicine or some other branches of the heavy industry. Under
these circumstances, we use the term IRaW to describe these wastes that originate from the
non-power applications:

- transport of the radioactive materials (RaM) and institutional radwaste (IRaW)

temporary storage of the RaM and the IRaW

- pretreatment, treatment and conditioning of the RaM and the IRaW

safe long-term disposal of the RaM and the IRaW
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Different categories of RaM and IRaW

waste unsealed

- waste sealed

- Nuclear material

- used radioactive sealed sources

- manageable in the hot chamber

nonmanageable in the hot chamber

All types of the IRaW could be find in the category of RaM.

Competencies of Supervising Organizations:

Inspection control during the management of the RaM and the IRaW is devided between
different organizations in Slovak Republic.

1. State Health Institute of the Slovak Republic

2. Nuclear Regulatory Authority of the Slovak Republic

1. State Health Institute supervises the whole process from the creation of the RaM and
IRaW all the way to their temporary storage placement.

It includes the supervision of the identification of the RaM at the place of its check-
point and its transportation to the SE - VYZ from the check-point.

Supervision is also provided over the management of the IRaW in the place of its
production, including the identification, evidence, transport and its storage.

2. Nuclear Regulatory Authority of the Slovak Republic supervises the process of the
storage, pretreatment and long-term safe disposal of the RaM and IRaW.

The responsibilities of the NRA of the Slovak Republic consist of inspection control
over the storage of RaM and IRaW in the SE - VYZ Jaslovske Bohunice:

pretreatment of RaM and IRaW in the SE - VYZ Jaslovske Bohunice

- treatment, conditioning of RaM and IRaW in the SE - VYZ Jaslovske Bohunice

internal transportation of RaM and IRaW within SE - VYZ Jaslovske Bohunice

- external transportation already treated RaM and IRaW

long-term safe disposal of RaM and IRaW

technical assistance during management of RaM and IRaW

The management of the RaM and IRaW performed by SE - VYZ Jaslovske Bohunice, was so
far carried out only on the experimental platform, which includes the collection and storage of
the radwaste. Presently, we are utilizing the storage area, supervised by SE - VYZ Jaslovske
Bohunice, where the decommissioned NPP A-l radwaste has been stored. This storage

76



includes the wastes that belong to the same physical, chemical and radioisotopical categories
as far their composition concerned.

More over, today's temporary storage of the wastes, from the spent sealed sources radwaste
category, presents a potential for utilization of the functional storage of vitrification MPV-
296. The second possibility is the utilization of the storage area in the reactor plant NPP A-l
known as a "Long Storage of the Nuclear Material Radwaste Category".

Cooperation of the HUMA-LAB APEKO Kosice company is essential especially during the
management of collection and storage of the spent sealed sources radwaste, which contains
radionuclides with high-energy gamma radiation (Cs 137, Co 60). The responsibility of the
HUMA company during this process, is embodied in a pretreatment of the spent sealed
sources into their storage containers. There, this activity can be managed safety, only inside of
the manageable hot chamber.

Close partnership and cooperation between HUMA and SE - VYZ needs to be maintained
due to the fact that this chamber exists only on the property of the HUMA company.

The state supervision over the nuclear safety of the management of RaM and IRaW is
performed by the Nuclear Regulatory Authority of the Slovak Republic in the above-
mentioned extent.

77



IAEA-CN-87/75 XA0103318

Radioactive Waste from Non-Power Applications in Sweden

Ann-Christin Hagg, Gunilla Lindbom and Monica Persson
Swedish Radiation Protection Institute
SE-171 16 Stockholm, SWEDEN

The system for handling of radioactive waste from the Nuclear Fuel Cycle in Sweden is well
established and has been in use for many years. Radioactive waste from other sources is not always,
due to historical reasons, handled as rigorously. The Swedish Radiation Protection Institute, SSI has
identified the issue and therefore initiated a study with the aim to achieve a sufficient system for
handling and disposal of radioactive waste from all sources of radioactive waste. In this paper we
discuss some of the sources of radioactive waste and the specific problems they represent. We give a
brief description on how they are regulated and handled today and identify some interesting issues.

CONVENTIONAL INDUSTRY, HOSPITALS, RESEARCH AND EDUCATION

In the conventional industry the use of different types of radioactive sources is common. The size and
type of radioactive source depends on the application (from some megaBq up to thousands of terraBq).
The radioactive waste from hospitals, research institutions and pharmaceutical or bio-technical
industries consists mainly of very short-lived radionuclides. Also most sealed sources used in the
medical field contains short-lived radionuclides.

According to the Swedish Radiation Protection Act a licence is needed for the use of sealed sources
exceeding 50 kiloBq. For hospitals and research institutes the SSI issues one license covering all
radioactive sources below 500 megaBq up to a summary limit depending on the application. All
sources with activity exceeding 500 megaBq require a separate license. SSI has issued about 2500
licences. For each licence an annual fee is paid to the SSI. When the radioactive source has fulfilled its
purpose the licensee is obliged to inform the SSI that the source is no longer in use and show a
certificate from the recognised waste facility. Not until this has been done the licensee is released from
its responsibilities.

SSI has issued regulations on Radioactive Waste Not Associated with Nuclear Energy. These
regulations enable the free release of small amounts of radioactive waste either to the municipal
sewage system or for delivering to a municipal dumpsite.

Identified issues

• It is not possible for the SSI to conduct more than a limited number of inspections. SSI relies on
the licensee to inform the SSI when the source is no longer in use. An incitement for this is the
annual fee mentioned above.

• Sources with activity below 500 megaBq from facilities with a summary licence are not accounted
for separately and can therefore be difficult to control.

• The only radioactive waste facility (recognised waste facility) with the capacity and the
authorisation for taking care of disused radioactive sources and other forms of radioactive waste
from Non-Power applications is Studsvik AB.
- The future costs for final disposal of this waste is unclear because of the lack of final

repository. Studsvik has to make sure that future costs are covered by the fee they charges
for taking care of radioactive waste.
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- As the only recognised waste facility Studsvik can freely set the fee for taking care of
radioactive waste. If the fee is set too high there's a risk that waste from some unserious
license-holder will be 'lost' or kept in storage.

— Studsvik has no formal responsibility for taking care of used radioactive sources. It's not
unrealistic that Studsvik in the future decides not to accept a specific waste-form.

COMMERCIAL PRODUCTS

Approximately there are 10 millions fireguards containing about 40 kBq Am-241 in Sweden. The
average lifetime of the fireguards is 10 years and implicates that about one million fireguards are
disposed of each year.

SSI has issued regulations stating that private persons are allowed to occasionally throw a fireguard on
municipal dump-sites. Companies are allowed to throw up to five fireguards each month.

Identified issues
An assumption for the regulations was that the fireguards were not disposed at the same time nor at the
same place. A dilution was anticipated. Another assumption was the amount of fireguards in use.
Reality is now changing and the former assumptions may not be valid in a near future:

• Insurance companies are encouraging households in larger cities to procure fireguards.
• New environmental regulations will be issued for the handling of waste containing electrical

components such as fireguards. In the future fireguards have to be collected and disassembled,
with resulting concentration of activity and doses to personal.

• A new kind of fireguards not using radioactive sources has been introduced on the market This
brings forward the question of justification in the means of ICRP.

TECHNICAL ENHANCED NATURAL OCCURRING RADIOACTIVE MATERIAL

As a consequence of the discovering of radioactivity in metal food containers the steel industry has
decided not to accept any material containing radioactive nuclides. They are therefore monitoring all
scrap metal at arrival to the melting facility. This has lead to the rise of a new category of radioactive
waste. The melting facilities will not only detect orphan sealed sources, but also material containing
natural occurring radionuclides enriched as a result of different processes. The owner of the material is
normally unaware of the enrichment. Scrap metal not accepted by the steel industry is now stored at
the melting facilities or returned.

Identified issues

• The volumes of slightly contaminated scrap metal will increase. Is this material waste or resource?

PLANS FOR THE FUTURE

Sweden has a qualified and well-functioning system for handling of radioactive waste from the nuclear
fuel cycle. This gives us the best prerequisites for establishing a system for handling of all radioactive
waste. What is left is to

— further investigate the origins of radioactive waste,
— classify the different waste streams,
— investigate the demands on waste treatment and final disposal and above all,
— encourage the necessary political decisions.
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Treatment of NORM-Contaminated Scrap from the Oil & Gas Industry

Dr Joachim Lorenzen, Dr Maria Lindberg, Anders Eriksson and Bo Wirendal

Studsvik RadWaste AB
SE-611 82Nykoping

SWEDEN

Studsvik RadWaste has facilities for treatment of burnable and non-burnable waste. For
burnable low level waste originating from the nuclear industry as well as from hospitals and
institutions, there is an incineration facility. For LLW in the form of metal scrap Studsvik RadWaste
has a facility for cutting, blasting and melting steel, aluminium brass and copper. The metals are
treated so that the material can be released for unconditional use within a 20-year period. The on-site
facility for treatment of Intermediate Level Waste is operated by Studsvik RadWaste.

During the last years development has been conducted to treat radioactive material of non-
nuclear origin. Such material is often referred to as NORM (Naturally Occuring Radioactive Material)
or TENORM (Technically Enhances NORM). NORM-contaminated material has many origins, one is
the oil and gas industry. The oil and gas NORM-contamination arises in the piping, pumps, valves and
tanks used in the drilling and oil-extraction processes due to so-called scale which is mainly a
precipitation containing radioactivity. The radioactivity is dominated by radium and its daughter
nuclides, originating from the uranium and thorium series. Waste from other industries with possible
NORM-contamination has not been included in this work.

Based on the experience from waste treatment for the nuclear industry and with the same
approach, development of a method for treatment of radioactive material from the oil and gas industry
was started. The aim was to minimise the final waste volume and to produce waste which will not
chemically or biologically degrade over long time, as in a final storage. The aim is supported by the
intention that the majority of other materials, for example steel from piping, which after treatment no
longer are classified as radioactive shall be recycled. There is also the intent of the method to meet
environmental demands as they are agreed upon today and also to meet demands that might be more
restrictive in the future.

The method development has up to date been conducted on a laboratory scale. The results so far
show that a volume reduction is achieved as well as a chemically inert waste product. The next stage
is a pilot plant for technical feasibility demonstration.
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Technologically Enhanced Naturally Occurring Radioactive Material (TENORM) and

its Regulation

Aspects at Issue

Shankar Menon
Programme Co-ordinator

OECD/NEA Co-operative Programme on Decommissioning

It has been known for quite a long time that mankind lives in a naturally radioactive
world. Radioactivity is everywhere, in our own bodies, in practically all materials in the
environment we live in and in the cosmic radiation from space. However, it is only during the
last decade that it has become generally registered that naturally occurring radioactive
material (NORM) is artificially concentrated ("technologically enhanced") in many non-
nuclear industries. This concentration, termed TENORM, can be in the products, the by-
products or the wastes arising from these industries.

The emergence of the NORM/TENORM issue has been of great significance for the
discussions on clearance regulations in the nuclear industry. A task group of the OECD/NEA
Co-operative Programme on Decommissioning has found that TENORM arisings occur in
huge quantities; two to three orders of magnitude larger than those used in European studies
on release of material from the nuclear industry. The activity levels in TENORM arisings are
generally the same as in very low level nuclear waste. Their occurrence in a large number of
industries, as well as their activity levels and quantities, have not been generally known, even
to regulatory authorities, until fairly recently. Thus the regulation of TENORM is in its early
stages.

The United States Environmental Protection Agency (EPA) was the first to make a
systematic mapping of the occurrence of TENORM. A draft report from 1993 shows the
following table of TENORM arising annually in the USA.

Table 1: Some TENORM Quantities

Waste Stream

Phosphates
Coal ash
Petroleum production
Water treatment
Mineral processing

Production rate
(t/year)
5x10?

6.1x107
2.6 xlO5

3x105
109

U+Th+Ra
(Bq/g)

Up to 3,700
up to 2

up to 3,700
Up to 1,500
Up to 1,100
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Ra 226 with a half-life of 1,600 years is by far the most important radionuclide. These
data are only shown to give an idea of quantities and activity levels. Other industries with
significant radioactive waste streams are petroleum processing, geothermal plants and paper
mills. Studies by the European Commission have shown that more or less comparable
quantities of TENORM arise in Europe, with similar concentrations of radioactivity.

Two of the largest source industries of TENORM are the coal and fertiliser industries.
According to UNSCEAR, 280 million tons of coal ash arise globally every year. 40 million
tons are used in the production of bricks and cement and "a great deal" is utilised as road
stabiliser, road fill, asphalt mix and fertiliser. Annual doses to residents can be up to several
mSv. These doses are presumably only the gamma component. The main radioactive nuclide,
as in most other TENORM, is Ra 226 and so, in addition to the gamma doses, there will also
be a considerable dose from radon.

International organisations have earlier recommended an individual dose constraint of
10 uSv/y ear/practice for the free release of material from radiologically regulated industries,
and the removal of all subsequent radiological regulatory requirements. Because TENORM is,
in many countries, regulated separately from the nuclear industry, the regulatory standards
that are applied are in many cases different, and are often much less stringent for TENORM.
It is not clear why national and international public health and safety recommendations allow
what can be significant differences in public exposure from TENORM and from free-released
materials. Recent draft European Commission and the International Atomic Energy Agency
documents are, however, proposing to continue the 10 uSv/year individual dose criterion for
the free release of material from radiologically regulated industries (mostly the nuclear
industry) while proposing a 300-1000 uSv/year for exemption/clearance of TENORM.
This can only complicate efforts to achieve consistency, harmonisation, ease of trans-
boundary movement of material, etc. In practice, it also means that radioactivity from the
nuclear sphere and from non-nuclear industries are treated on different scales of judgement,
having extremely stringent release conditions for the material from the nuclear industries,
while allowing up to 100 times higher exposures to the public from the much larger quantities
of radioactive arisings from non-nuclear industries.

This "double standard" approach can have even wider implications than are obvious at
first sight. For instance:

• The major TENORM radionuclide is Ra 226, with a half-life of 1600 years, while
the dominating nuclides in scrap from the nuclear industry are Co 60 (half-life 5.4
years) and Csl37 (half-life 30 years). Current regulations at many near surface
repositories have stringent limits on the quantities and concentrations of longlived
nuclides in disposed material, limits that may well make it necessary - according to
current regulations for nuclear industry waste - to condemn non-exempted
TENORM to deep geological disposal. According to the currently proposed double
standards, the same nuclide, at the same concentration, can either be sent to deep
geological disposal or release for use in road repair, depending on whether it came
from the nuclear industry or a non-nuclear one.
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• The nuclear industry is living in a world where electricity is being deregulated and
competition between various sources of power production is fierce. The double
standards for clearance/exemption being proposed by the IAEA and the EC for
material from the nuclear industries and for TENORM takes on a special
significance when it is noted that two of the largest sources of TENORM are the
coal and the oil & gas industries. Thus the double standards will be a blatant
interference in the generally accepted rules for fair competition.

Finally, it can be noted that the US National Academy of Sciences has very clearly
rejected any possible radiation protection reasons for treating radioactive material from the
nuclear industry and that arising from the non-nuclear NORM industries on different risk
evaluation standards. In its 'Evaluation of EPA Guidelines for Exposure to NORM', it states:

"The committee is not aware of any evidence that the properties of NORM differ from
the properties of any other radionuclides in ways that would necessitate the
development of different approaches to risk assessment.

In the long term, it is absolutely necessary and very important for all the industries
concerned, for international transport of material and for public acceptance, to have
consistency in the regulatory requirements for radioactivity, irrespective of the industry it
arises in.
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NORM WASTE IN OIL AND GAS INDUSTRY: THE SYRIAN EXPERIENCE

M. S. AL-MASRI, H. SUMAN
Department of Protection and Safety
Atomic Energy Commission of Syria (AECS)
Damascus, P. O. Box 6091, SYRIA

Extended Synopsis

This paper describes the Syrian experience in respect to Naturally Occurring Radioactive
Materials (NORM) waste in Syrian oil and gas industry. NORM can be concentrated and
accumulated in tubing and surface equipment of oil and gas production lines in the form of
scale and sludge [1,2,3]. NORM waste (scale, sludge, production water) is therefore generated
during cleaning, physical or chemical treatment of streams [3]. Uncontrolled disposal of this
type of waste could lead to environmental pollution, and thus eventually to exposure of
members of the public [3]. The presence of NORM in Syrian oilfield have been recognized
since 1987 and AECS has initiated several studies, in cooperation with oil companies, to
manage such type of waste. Three categories of NORM waste in Syrian oilfields were
identified. Firstly, hard scales from either decontamination of contaminated equipment and
tubular using high-pressure water systems or mechanical cleaning at site are considered to
contain the highest levels of radium isotopes (226Ra, 228Ra, 224Ra). Secondly, sludge wastes
are generated with large amount but low levels of radium isotopes were found. Thirdly,
contaminated soil with 226Ra as a result of uncontrolled disposal of production water was also
considered as NORM waste. The first waste type (scale) is stored in Standard storage barrels
in a controlled area; the number of barrels is increasing with time. Table 1 shows some of
scale and sludge samples analysis results. High levels of radium isotopes were found in these
scales. The options for disposal of these wastes are still under investigations; one of the most
predominant thinking is the re-injection into abundant wells. For sludge waste, plastic lined
disposal pits were constructed in each area for temporary storage. Moreover, big gas power
stations have been built and operated since the last ten years. Maintenance operations for
these stations produce tens of tones of scales containing radon daughters, 210Pb and 210Po with
relatively high concentrations. Table (2) shows some results of scales recovered from three
big power stations. The common practice used to dispose these materials is the disposal
mounds where unlined pits being built near each power station. However, limits and disposal
criteria for the above type of waste are still under discussions. The last NORM waste
produced by the Syrian oil and gas industry is the contaminated soil. Over 100,000 m3 of
contaminated soil have been recognized. Radium-226 activity has reached a value as high as
100 Bq/g. Remediation works have been initiated and urgent regulatory controls were defined
and implemented. The Syrian criteria for disposal and clean up of contaminated soil has been
defined as follows [4]:

1. Soil containing not more than 0.15 Bq/g of 226Ra does not need any treatment.
2. Soil having specific activity of 226Ra higher than 5.2 Bq/g need to be treated as radioactive

waste.
3. Contaminated areas containing 226Ra with concentration between 0.15 Bq/g and 5.2 Bq/g

need a special treatment on site to reduce the exposure to a valve below 100 p,Sv/y.

Several disposal mounds were constructed and used for disposal of contaminated soil having
activity higher than 5.2 Bq/g. Many radiological controls were adopted to minimize all risks
associated with the civil engineering works.
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Table (1) NORM Concentrations in some Scale and Sludge Waste

Sample type

Sludge1
Sludge2
Sludge3
Scale 1
Scale2

NORM Concentrations (Bq/g)
Ra-224

7.62±0.98
27.70±1.10
11.75+0.5

27±2
105±6

Ra-226
10.05±0.72
45.35±1.5
19.2±0.4

147+6
1020±45

Ra-228
10.08+1.61
29.1±1.8
12.9±0.7

55±3
179±11

Table (2) NORM Concentrations in Scales Produced from Natural Gas Power Stations

Station

Tishrin
Nasria-1
Nasria-2

NORM Concentrations (Bq/g)
Ra-224
< 11.3

<9
14±2

Ra-226
<11
<6
<4

Ra-228
<3
<13
<6

Po-210
2371+85
224114
320115

Pb-210
160+10.4

17419
<12
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Radioactive Waste Management Facility in Syria

Dr. Mohammad GHAFAR
Head of the Radioactive Waste Management Division

Atomic Energy Commission of Syria, Damascus, P.O. Box 6091

Syria is in the process of establishing a radioactive waste processing facility to manage the
waste from production and application of radioisotopes in a safe way. The radioactive waste
management approach being implemented is based on the experience from other Member
States with similar infrastructure and with limited amounts of future waste arising, primarily
from research and medical applications.
The AECS is responsible for all aspects of application of radioactive materials including
regulatory aspects, and consequently management of radioactive waste and environmental
protection in Syria. The Commission has established a separate division - the Radioactive
Waste Management Division (RWMD) -which is responsible for the collection, treatment and
storage of radioactive waste.

This paper will discuss the following items:

a) Main sources of radioactive waste in Syria:
» AECS (research and radioisotopes production);
• Medical and educational applications;
» Industry, including oil production and phospho-gypsum milling companies.
b) Radioactive waste management strategies:

» General strategies for radioactive waste management
» Management of raw radioactive waste (including storage, collection and transport)
c) Radioactive waste management complex:

» Building layout
» Technological aspects of waste processing
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Multiparameter Optimisation of Dismantling Activities and Waste
Management at a Research Centre

Roger Andres,
Paul Scherrer Institut, CH-5232 Villigen, Switzerland

The Paul Scherrer Institute (PSI) is a multi-disciplinary research centre for natural
sciences and technology. The institute is active in solid-state physics, materials
sciences, elementary particle physics, life sciences, nuclear and non-nuclear energy
research, and energy-related ecology. PSI develops and operates complex research
installations such as nuclear reactors and particle accelerators. These produce
ionising radiation and major quantities of radioactive materials.

The optimal handling of decommissioning and dismantling projects and radioactive
waste treatment at PSI represents a complex management task, and is determined
by many parameters that are only partially identical to those in the energy producing
industry. Some of the major issues are addressed below.

Management:

• The research community often requires rapid changes of experimental
equipment. This necessitates that the four steps of decommissioning, removal,
dismantling and conditioning of waste are spatially and temporally separated.

• The availability of a great scientific knowledge pool is instrumental for
innovative solutions for the complex problems encountered.

• The accessibility of a modern hardware park (instruments, workshops etc.),
sophisticated computer systems and modelling know how can facilitate the
work considerably.

• The lack of a dedicated pool of decommissioning funds and the need for rapid
response (see above) necessitate flexibility of the decommissioning crew and
constant coordination and optimisation of the work packages with the
institute's top management.

• The product of a research centre in general is not a tradable commodity and
does not result in a direct return of money. Financial mechanisms such as the
accumulation of funds for future liabilities are not an option.

• Since PSI - as probably most research institutes - is funded on a yearly basis,
long term cost optimisations processes are in competition with legitimate
short-term research needs. The benefits of investing now (e.g. for reduction of
waste volume) in order to safe costs decades in the future (transfer into a final
repository) must be significant, and must be forcefully communicated.

Technical issues:

• The materials used in research vary widely.
• The irradiation conditions are very complex: different particles (protons,

neutrons), different spectra (thermal to high energy), etc.
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• Strong gradients of irradiation conditions can lead to unexpected local hot
spots with very high dose rates and radionuclide content.

• The strong radiation fields and the long irradiation periods may result in
unexpected activation products from additives and impurities in the bulk
materials.

• The required flexibility of use of materials, instruments and areas results in
incomplete lifetime documentation of components.

From this brief and incomplete listing it can easily be concluded, that the task of the
decommissioning crew at PSI necessitates the constant optimisation of many
parameters. The actual work is performed in the Division for Radiation Protection,
Security and Waste Management, and is closely and constantly coordinated with the
top management of the institute.

Procedures:

Several organisational, scientific and operational processes have been implemented
to facilitate this task. They are amongst other:

• Standing committees regularly meet with the major producer of waste (one for
the nuclear installation, and one for the accelerator complex).

• A representative of the division is present in all technical planning sessions for
new experiments.

• A comprehensive data bank is kept, listing all waste - and the current status of
it's treatment - under the responsibility of the division.

• A novel computational modelling system for the prospective and retrospective
calculation of nuclide inventories in both reactor and accelerator waste is
developed.

• Periodic meetings are held with the regulatory authorities outside the institute,
in order to anticipate and remove regulatory hurdles to the process of waste
management.

• Contacts to international agencies involved in this subject are maintained with
the aim to share experience and possibly find international solutions to special
problems.

Overall, managing decommissioning and dismantling projects and radioactive waste
treatment at a research institute is an extraordinarily interesting and challenging task.
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Accelerator Waste, What to Do?

H.-F. Beer, Paul Scherrer Institute, CH-5232 Villigen, Switzerland

The -problem of radioactive waste and its management is realised by the public mostly in
connection with the controversies surrounding nuclear energy. In this context the waste
generated by medicine, industry and research is very often overlooked. In practice the
waste management community does not realise the problem of radioactive materials
generated in accelerator facilities. This waste is part of the waste from medicine,
industry and research. Only a few contributions at international meetings (1,2,3) have
discussed the theme of accelerator waste, and these few were focused on radiation
protection problems rather than on waste management.

Beside nuclear and non nuclear related energy research at the Paul Scherrer Institute in
Villigcn/Switzerland a proton accelerator complex has been in operation since 1.964. In
the PSI facility hydrogen is ionised and the resulting protons are accelerated to 72 MeV
for injection into a ring cyclotron were they are accelerated to 590 MeV. They are then
used for many different physical and medical purposes. The beam current has increased
from some |xA in the beginning to 2 mA today. Primary beam protons hit the targets and
beam dumps where they cause nuclear reactions, including spallation, which produces
secondary protons and neutrons and lighter nuclei. The secondary radiation activates
construction •and" shielding material. -

Copper, carbon and lead are typical target and beam dump materials, while steel, cast
iron and aluminium are used for construction along with copper and PVC in electrical
wiring. Normal and heavy concrete are used as shielding materials. During the long
activation period a nuclide inventory is built up not only from the primary materials but
also from additives and impurities. High activities are produced in the relatively small
volumes of targets and beam dumps. In comparison the large volumes of the
construction and shielding materials result in activated materials with low specific
activity.

The problem of accelerator waste is complicated by ike fact that within the large time
span of running the accelerator the experiments were changed and the beam times, beam
currents and materials were changed too. These changes are only poorly recorded. In
addition the suppliers of the construction materials changed over the years, each of
whom was free to use different material sources. This means mat the material
composition is uutraceable. In these circumstances it is difficult to get a reliable nucllde
inventory.

To solve the described problems a multi-step approach was chosen.

At the management level a steering committee with was formed. Within this group
representatives of practical waste management, radiation protection, documentation,
modelling and chemical analysis discuss and co-ordinate their tasks.

In the field of modelling a user-friendly calculation program is established (4) to
estimate reliably the nuclide inventory of real waste.

In the field of radioanalysis a group has been formed to determine quantitatively
radionuclides (5,6) that cannot be measured by y-emission. The analytical results will be
used to validate the results of the modelling.

89



In addition a documentation system is being built up to specify the resulting waste streams
according to the needs of the Swiss authorities and the final disposer.

In. parallel the waste is conditioned. For this purpose a system of concrete containers has
been developed to condition radioactive accelerator waste in a geometrical form to
allow its integration into the shielding system of the accelerator. The containers fulfil IP
III demands and are accepted for final disposal. Large components have to be
dismounted in a hot cell. During the dismounting activated aluminium is removed for
separate conditioning.

Every year 5 containers are produced on average, each with an overall volume of 4.5 m3.

In the past most of them were used as shielding. Containers not used as shielding go
into interim storage at PSI. The total amount of accelerator waste can be estimated to be
•up to some thousands of m3 of conditioned waste. Given the high cost of handling and
disposing of one m3, it is important to minimise the waste volume.

Weakly activated material, which is expected to decay within 30 years to below the
currently accepted level of exemption of 0.1 uSv/h, is stored at PSI- Obviously, this
material has to be measured before any future exemption. Material already below the
current exemption limit is checked and released. A device for the measurement has been
installed.

In conclusion, at PSI waste from fuel development, operational waste and accelerator
waste has to be managed. In this context an approach is being developed to manage
accelerator waste on a regulatory and practical level to gain the acceptance of the
authorities (Swiss Nuclear Safety Inspectorate) and the final disposer (NAGRA).
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Non-fuel Cycle Radioactive Waste Policy in Turkey

A.L Izmir, I. Uslu
Turkish Atomic Energy Authority

Introduction

Radioactive wastes generated in Turkey are mostly low level radioactive waste generated
from the operation of one research reactor, research centers and universities, hospitals, and
from radiological application of various industries. It involves both short-lived and long lived
radionuclides. In general, this includes radioactive materials, which are no longer usefiil and
have their origin from practice or intervention both with unsealed and sealed sources.

Radioactive Waste Management in Turkey

Utilisation of radioactive materials in Turkey requires special authorisations and falls under
legal rules, in particular under the Radiation Safety Regulation of 24th March 2000 (Official
Gazette number: 20983) outlining a general regulation for the protection of the population and
workers against the danger of ionising radiation and subsequent amendments. There is also a
requirement enforced by the Regulations for Radioactive Wastes Exempt from
Regulatory Authority Control (published on 15 January 2000, Official Gazette number:
23934) that identifies the limits and other conditions for the discharges of radioactive
substances to the environment.

Radioactive waste is generally understood as material for which no further use is foreseen,
and which has been managed in a system of reporting, authorisation and control as specified
in International Atomic Energy Agency (IAEA) recommendations or national legislation. In
this paper radioactive waste is considered in two categories: as originated from unsealed
sources or from sealed sources.

a) Management of Unsealed Sources

Unsealed radionuclides are utilised in human medicine for in vivo diagnosis, metabolic
therapy and in vitro biological analysis. The most common types of radionuclides used in
Turkey are C-14, Co-57, Cr-51, Fe-59, Ga-67, H-3,1-123,1-125,1-131, In-Ill, Mo-99, P-32,
P-33, Re-186, S-35, Sr-89, Sr-90, Tc-99, Tl-201, Xe-133, Y-90 which are import of
radiopharmaceuticals to Turkey in 2000.

By categorizing the disposal of "solid", "liquid" and "gaseous" waste, an efficient
management system is achieved.

Solid radioactive waste consists mainly of protective clothing, plastic sheets and bags, gloves,
masks, organs and tissues, animal carcasses, filters, overshoes, paper wipes, towels, metal and
glass, hand tools, discarded radiopharmaceuticals containers and discarded equipment. It
generally contains a relatively low level of radioactivity when compared to liquid wastes.
Special consideration should always be given to the management of contaminated sharp
objects, such as needles and syringes, scalpel blades, blood lancets, glass ampoules, etc.
Short-lived solid radioactive wastes are stored in the waste storage rooms of the facilities until
their activities reduce to an acceptable level to be released to the municipal waste disposal
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area. The liquid waste can be discharged to sewage system when its activity concentration
come down to permissible discharge level which is based on IAEA SS-70. The liquid waste
from iodine therapy patients is mostly collected and stored in storage tanks. If the treated
patient number is low the waste should be collected separately in shielded drums and stored in
waste storage rooms of the facilities until its activity concentration level decreases to an
acceptable level.

b) Management of Sealed Sources

Sealed radiation sources are widely used in industry, medicine and research in Turkey. Sealed
sources have a life cycle, which begins with manufacture and culminates in disposal. Each
source life cycle comprises a number of potential stages. A source life cycle can involve
individuals in the following key organisations: regulator, manufacturer, Original Equipment
Manufacturer, distributor, user (one or subsequent users), waste management organisation,
and operator of storage or disposal facility. The large number of organisations potentially
involved and their interactions mean that life cycles tend to be complex and can be difficult to
trace. The fundamental issue for which protection is required, is the prevention of over
exposure of individuals or groups throughout the entire life cycle of sealed sources. Ikitelli
Accident in Istanbul (in 08.01.1999) shows the importance of life cycle of sealed source.
Disused sealed sources which potentially represent medium and high radiological risks in
Turkey are mainly Am-241, Ra-226, Kr-85, Co-60, Ir-192 and Cs-137.

According to "The Radiation Protection Regulation" all spent sources have to be sent to the
manufacturer. However, the spent sources which the manufacturer stopped its source related
activities or the sources which were imported before the issue of the Regulation, are stored in
Radioactive Waste Processing and Storage Facility (CWPSF) of Cekmece Nuclear Research
and Training Center (CNRTC). Main radionuclides in the inventory of the Facility are Co-60,
Cs-137, Am-240, Sr-90, Kr-85, Fe-55 respectively.

Conclusion

Waste prevention and minimisation is an essential element of any radioactive waste
management strategy. The objective of waste minimisation is to reduce the activity and the
volume of wastes for storage, treatment and disposal. The environmental impact will also be
reduced, as well as the costs associated with contaminated material management. Due to
increasing number of radiation and nuclear related activities, the waste facility of CNRTC is
now becoming insufficient to meet the storage demand of the country. TAEA is now in a
position to establish a new radioactive waste management facility and studies are now being
carried out on the selection of the best place for the final storage of processed radioactive
wastes. Research and development studies in TAEA will continue in radioactive waste
management with the aim of improving data, models, and concepts related to long-term safety
of disposal of radioactive waste.
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ABSTRACT

Holding tank systems are used for the disposal of medical radioactive waste. A short
cut method including economic valuation work for the optimization of holding tank system is
developed. A case study work was also performed via the developed method. The optimum
tank arrangement for this case was found.

1. INTRODUCTION

Radionuclides are widely used in medicine, thus considerable amount of LLRW is produced
from medical applications. There are various methods available for the handling of LLRW from Non-
Power Applications [1]. However, the convenient way for short-lived LLRW is storage for decay
before releasing to the sewage system. Country authorities regulate release limits of waste into public
sewage. These limits differ from country to country such as; I3!I release limit is likely to be lowered
from 370 Bq L"1 to 200 Bq L"1 in Canada [2] whereas the same limit is 370 Bq L"1 in US [3] and 37
kBq/day in France [4]. Holding tank system becomes essential; else few patients can be treated when
waste is directly released to the sewage regarding to release limits.

Design of holding tank system with different tank numbers and capacities is possible,
however it is important to design a system with optimum tank number and capacity. In this study,
design parameters for holding tank system was studied to end up with a compact procedure that also
includes economical valuation study and gives the optimum holding tank system arrangement.

2. DESIGN PARAMETERS AND METHOD OF ATTACK

Assuming the patients are treated with regular intervals, pulse activity input to a infinite tank
capacity and the activity is decayed for the period equal to the time between patients treatments, the
accumulated radioactivity in the tank at the beginning of the period between the wth and the (n+l)th
patient treatments can be calculated via Eqn.l [2].

* * - > - ^ a s n - > co (1)
\ — e

94



Tb quickly reaches saturation. The activity that would be accumulated in tank (TA) is the
first design parameter. The equation relating release activity (RA) and accumulated tank activity
(TA ) is given in Eqn. 2 and RA is the second design parameter.

RA = TA x e~z>a (2)

The decay period (t) required to reach RA for the tank can be expressed as:

t = -(l/A,)xln(RA/TA) (3)

Decay constant ( A.) is the third design parameter. The time period (TP) from beginning to
accumulation to releasing to sewage is equal to collection period (X) plus decay period (t).
Collection period (X) is the fourth design parameter. The total number of tank required (TN) for
the holding system is expressed in Eqn. 4.

TN =
\n(RA/TA)

-AX
(4)

Average water usage of patients determines tank volume and it is the fifth design parameter.
The tank cost can be obtained from charts that relate volume of tank to the cost for different materials
of construction. The total cost for the holding tank system can be calculated via the multiplication of
tank number with tank cost. The optimum tank arrangement would be the one with minimum total
cost amongst arrangements with different collection periods. This procedure is easily applicable for
all radionuclides and proposes a short cut method for optimization of holding tank system. A case
study for the application of this procedure is given below.

3. CASE STUDY

In a medical center therapeutic 131I treatment is applied; the treatment period is 5 days for
each patient. Each patient is given 5.55 GBq I31I for the treatment, about 80% of the radioactive
material is excreted from the patient's body in the first 24 hour and each patient has an average water
usage of 55 liters per day and the medical center has the accommodation capacity of two patients.
What is the optimum holding tank arrangement for this case?

The activity load for 40 days to the infinite tank system is tabulated in Table 1. The maximum
activity that can be accumulated in an infinite tank was calculated as 25.3 GBq via Eqn.l.

Table 1. Waste activity amount that would be accumulated in the tank during the collection period

Patient

1
2
3
4
5
6
7
8
9

£ Tank Activity (GBq)

0 1
8.9

8.9

8 1

8.1

2

7 5

7.5

3 4

6 9

6.9

6 3

6.3

5
5 8
8 9

14.7

6

5 3
8 1

13.4

7

4 9
7 5

12.4

8

4 5
6 9

11.4

Day
9

41
6 3

10.4

10
3 7
5 8
8.9

18.4

11

3 4
5 3
8.1

16.8

12

3 ?
4 9

7.5

15.6

13

? 9
4 5
6.9

14.3

14

? 7
4 1
6.3

13.1

15
? 4
3 7
5.8
8.9

20.8

20
1 6
? 4
3.7
5.8
8.9

22.4

30
0 7
1

1.6
2.4
3.7
5.8
8.9

24.1

40
0 3
0 4
0.7
1

1.6
2.4
3.7
5.8
8.9

24.8

95



The activity to be accumulated in the tank is given in the Figure 1 and it is obvious from
figure that accumulated tank activity reaches saturation.

131I Activity to be Accumulated

15 55

Figure 1. The activity to be accumulated in infinite tank

The comparison of alternatives can be done basing on total tank cost (TC), activity to be
accumulated in tank, release activity, time period, required tank number, tank volume and tank cost
was calculated and tabulated in Table 2 for each collection period. The total tank cost (TC) for each
alternative was calculated via the chart from Peters and Timmerhaus [5].

Table 2. Economical comparison of tank system for each collection period

Collection Period (X) (day)
Tank Activity (TA) (GBq)
Release Activity [1ALI min] (RA) (MBq)
Decay Period (t) (day)
Time Period (TP=X+t) (day)
Tank Number (TN)
Tank Volume (L)
Total Tank Cost (TC) ($)

10
18.4

20
22.4

30
24.1

40
24.8

50
25.1

60
25.3

0.8
116
126
13

1100
38900

119
139
7

2200
30900

120
150
5

3300
27800

120
160
4

4400
|6100

120
170
4

5500
29600

120
180
4

6600
32800

The cost of tank system for each collection period is given in Figure 2, tank system cost has a
minimum value for the case of 40-day collection period with 4 tanks (each with 4400 L capacity), in
other words this alternative is the optimum case that should be applied.
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Figure 2. The tank system cost for each collection period

Equation, which directly relates collection period with total tank cost, was obtained
from Figure 2 by polynomial curve fitting with a correlation coefficient of 1 and given in Eqn.
5.

TC = - 0.0013 X5 + 0.2278 X4 -14.696 X3 + 455.63 X1 -7184.4 X + 111'42 (5)
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ABBREVIATIONS

A t Treatment period
t Decay period
A Activity given to the patients

RA Release activity
TA Accumulated tank activity

Tb Accumulated tank activity at the beginning of decay period
TC Total tank cost
TN Number of tanks required
TP Time period between beginning to accumulation and release
X Collection period for a tank
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Sealed radioactive sources have been widely used for many decades in industry, medicine and
research. Although most countries have laid down a regulatory framework to control sealed
sources, there are still a number of uncertainties concerning the management of historical Ra-
226 alpha sources and the possibility of retrieving non-registered sources. Both these
uncertainties may represent high radiological risks for the population. In addition,
management schemes and practises implemented in different countries can be somewhat
conflicting and create problems for storage and disposal.

This paper describes the results of three studies that were carried out between 1998 and 2001
to consider the situation relating to the regulation and management of spent sealed radioactive
sources (SSRS) in each of the fifteen current European Union (EU) member states and the ten
central and eastern European (C&EE) countries that are currently being considered for
admission to the European Union (namely, Bulgaria, Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia).

The general aim of the studies was to acquire a thorough understanding of the management of
SSRS in each country, in order to recommend improvements in management schemes and to
establish whether the application of common disposal criteria would be advantageous.

The studies covered the following activities;
• Estimation of the inventory of SSRS in store and disposed in each country
• Analysis of the relevant regulations and regulatory framework in each country
• Description and review of the current management practises in each country
• Estimation of the number of unregistered SSRS (including identification of the reasons

why SSRS are 'lost' and recommending ways of recovering 'lost' sources)

It was important to understand the full life-cycle of sealed radioactive sources, from
manufacture through to disposal. Much of the information contained in these studies was
obtained by using questionnaires to act as study guides and by conducting face-to-face
discussions with representatives of the regulatory bodies, source users, original equipment
manufacturers (OEMs), distributors, source manufacturers and waste management
organisations. Information was obtained regarding the sealed source market in each country,

98



the legislation and the way it is applied in practice, options for the disposal of SSRS and
information on sources lost from regulatory control.

Using the information from each country it has been possible to estimate the numbers of
sources that have been purchased, or have been declared as spent or disused for
storage/disposal. Many disused sources are temporarily stored at the user's premises (these
sources are at greatest risk of being lost from regulatory control) and there are varying levels
of incentives within each country to encourage transfer to centralised storage/disposal
facilities.

All of the countries studied operate regulatory systems which require each user of sealed
sources to hold a licence. In principle, there are many similarities between these systems. In
practice, however, there are also many differences. In some cases, most regulatory attention is
paid to assessing the competence of the prospective user before issuing a licence and
thereafter, the amount of attention paid is limited. In other cases, regulatory control is applied
throughout the source life-cycle, with particular attention being paid to approval of individual
source transfers. The regulatory structures also vary considerably. In some countries, a single
regulator is responsible for all aspects of the use and disposal of sealed sources. In other
countries there are a number of regulatory bodies sharing responsibilities on a regional or
functional basis.

Despite these differences, there is no evidence for any link between the regulatory system and
the number of sources lost from regulatory control. All regulatory bodies were of the opinion
that their current regulatory system was adequate, but there was some acknowledgement of
room for improvement. Some of the C&EE countries are quite newly independent and their
regulatory system functions adequately, but is still under development.

In most European countries there are regional or centralised interim stores able to receive
most types of SSRS. They are operated by a variety of state owned bodies and commercial
organisations. In a few countries there is no central store, so SSRS are kept at the users
premises. In these cases the regulators are aware of the inventories and the storage conditions.
They have also made arrangements, where possible, for the future disposal of the backlog of
SSRS. Pressure is applied in many countries, through the licensing system, to agree a disposal
route before new sources are purchased. However, most countries do not yet have operational
disposal facilities for SSRS, therefore, currently interim storage is the only option.

There is no consensus on the appropriate methods for the treatment and conditioning of SSRS
kept in interim storage. In many cases, the choice of treatment and conditioning technology is
waiting on the development and approval of waste acceptance criteria (WAC) for the disposal
facility.

No countries identified more than a few 'lost' sources per year. Many lost sources are
considered to be a historical problem, predating the regulatory systems, as they currently
operate. Sources in imported scrap metal were a concern in most countries, although there is
evidence that the numbers of incidents each year is decreasing.

To date, none of the countries have any plans to develop regional disposal facilities and no
specific common disposal criteria have been developed. All of the countries are proceeding
with their waste management plans, taking account (to varying degrees) of'high level'
international standards and practises, relating to acceptable dose uptakes, environmental
impact etc. However, no specific prescriptive disposal criteria for universal application across
all European countries have been developed.
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In 1996 the UK Government announced that the Royal Naval College, Greenwich
would pass to non-defence use by the millennium. As a consequence of this decision, the
decommissioning of the JASON 10 kW Argonaut research reactor and the relocation of the
Department of Nuclear Science and Technology (DNST) were approved by the Ministry of
Defence. The decommissioning of the reactor commenced in November 1997 while DNST
remained operational until October 1998. The DNST was responsible for education and
training in support of the UK Naval Nuclear Propulsion Programme and operated academic
laboratories for atomic and nuclear physics, health physics, instrument calibration and
radiochemistry. Therefore, besides the nuclear reactor, open and sealed sources (alpha, beta
and gamma), intense x-ray (sealed tube) and gamma-ray (60Co and 137 Cs) sources and small
241 Am/Be neutron sources had been used in the Department for over 35 years.
Decommissioning of all facilities was therefore a relatively complex task and the management
of waste streams was challenging. All facilities were successfully decommissioned for
unrestricted site release by December 1999 and this paper will describe the methodology used
for preparation, storage, characterisation and disposal of all waste streams.

The most significant waste management task during this decommissioning programme
was that associated with the JASON reactor and the overall contract strategy for the project is
given in Table 1. It should be noted that the JASON reactor fuel was not designated as
nuclear waste, the fuel removal and storage were covered under separate contracts and
therefore no high level waste was generated. With respect to other waste streams, a
combination of Monte Carlo modelling and selective sampling and analysis of the reactor
materials was used to estimate the quantities of waste as follows:

• LLW - 76 tonnes packed in 4 half height ISO containers.
• LLW - 6 Tonnes packed in 2001itre drums in 1 full height ISO container.
• ILW - 60 kg packed in approved shielded containers.
• FRW - 121 tonnes packed in 6 disposal skips.

These estimates will be compared to the actual waste inventories as reported in the
projects Post Decommissioning Report.
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TABLE 1: IMPLEMENTATION CONTRACTS

DESCRIPTION
1. Prime and Reactor Dismantling Contract - NNC Ltd
Preparation of documentation required for safety approval of the decommissioning work.
Detailed design, construction and commissioning of the waste processing facility,
including modifications to DNST for entry of the fuel flask.
Operations to decommission the reactor, including packaging, sentencing and transport to
disposal site of all wastes, including laboratories.
Decommission and remove the waste processing facility.
Restoration of the DNST Building and affected areas of the site.
2. Fuel Removal Contract - AEA Technology
Preparation of documentation required for safety approval of the fuel operations.
Hire of fuel flask.
Design modifications, modify, commission and gain approval for use of the flask with
JASON fuel.
Design, manufacture and commission equipment for transferring the fuel flask into the
DNST
Deliver flask to site, commission system, load the fuel in conjunction with the JASON
operators, transport to disposal storage site and return to home site.
3. Fuel Disposal Comtract - BNFL
Receipt of flask, unload fuel and (a) short term storage or (b) long term storage. (Note:
UKAEA Dounreay not available for JASON fuel).
4. ILW Disposal Contract - Safeguard International
Collection, unload and long term storage or disposal of ILW.
5. LLW Disposal Contract - BNFL
Receipt of transport containers, unload, process and disposal of LLW.

With respect to the overall waste management strategy, a Post Operational Clean Out
(POCO) phase preceded decommissioning. This allowed all approved discharges and
transfers to occur under the facility operational safety case, including the disposal of
laboratory sources and the reactor start-up source (185 GBq 241 Am/Be) by Safeguards
International. The reactor fuel was then transported off-site under a fuel removal safety case.
In addition, the reactor control plates, drive motors and in-core nuclear detectors were
removed, designated as ILW, packaged and transported under the decommissioning safety
case so that all major radioactive hazards were removed from the facility prior to construction
of the main waste handling and transfer facilities. All ILW was sent for storage at the UK's
national facility at UKAEA Harwell.

Waste categorisation, size reduction and initial packaging was carried out in the
reactor hall and items were transferred by trolley to an airlock/storage area. Waste was
segregated according to type, monitored and transported across the airlock/storage boundary
for further interim storage or direct loading of ISO containers. The assay of waste, size
reduction, packaging, radiological monitoring and final, removal of waste to designated ILW,
LLW or FLW facilities will be described. In addition, the special case of low level tritium
waste in the facility, its assay and removal will be discussed. Finally, the results and
conclusions of the Post Decommissioning Report will be compared to the proposed waste
management scheme in the Preliminary Safety Report and any significant lessons learned will
be addressed.
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DECOMMISSIONING AND TRANSPORT OF TELETHERAPY MACHINES

AND IRRADIATORS

T-WILSON
AEA Technology, Harwell, UK

M.ORD
AEA Technology, Harwell, UK

The management and control of high activity gamma sources in non-power applications is a
particular challenge for regulators of health & safety and the environment, throughout Member States.
These sources (typically 60co or 137cs) a r e u s e ( j m medical, educational or industrial applications, to
benefit the health and quality of life of the general public. They do however present a significant risk
to both people and the environment if not maintained, managed and controlled in accordance with
radiation safety principals and the relevant legislation. This is particularly pertinent as these machines
come to the end of their working lives and require decommissioning.

Teletherapy machines are those which have been used for patient cancer treatment. These
units are almost always found in radiotherapy departments in hospitals, although a few have been used
in industrial non-destructive testing (NDT) applications, or for calibration. They are 'mass produced'
and designed to be re-sourced in-situ and therefore have proven and documented load/unload
procedures.

The sources in these units are usually held in a shielded 'head', often containing depleted
uranium. Due to its own radioactive properties, the depleted uranium shielding presents at least as
much of a disposal challenge as the source itself.

In the majority of cases, purpose designed mating plates exist for transferring sources from
these units into approved transport containers.

Irradiators present different challenges and often require a novel approach due to age of
sources and mass of inherent shielding. Many of the units now destined for decommissioning were
originally constructed in the sixties and have often been customised to meet customers' specific
requirements, or even home-made by the physicists. There are therefore many variations, for which
there is little or no information available and rarely any detail on how or if the source(s) can be
extracted. Many of these units date back to an era when transport of radioactive materials was less
strictly regulated. They were not therefore designed with on-site source exchanges in mind. The
preferred option was to move the entire unit to a hot-cell facility for remote unloading.

Irradiators are used in a wide range of applications, and are most frequently located in
universities or medical schools. They are also used widely in industrial applications such as
sterilisation and calibration.

Many irradiation facilities have been hidden away in basements or difficult to access bunkers,
to protect them from adverse interest. Removal of units from these 'secret' locations often result in
significant logistical and engineering challenges for the movement of the substantial flasks in and out
of the building, or even the units themselves. Customised engineering solutions are frequently
required to raise significant weights up stairs, lift shafts or out of confined spaces.
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There are real and perceived risks associated with holding high activity gamma sources in the
public domain, both of which attract real costs. Many universities and hospitals cannot justify the
costs in terms of financial, space, resource and even PR commitment to continue holding a rarely used
piece of outdated technology, which is a very real liability. Hence, many establishments are taking the
decision to invest in modern technology with inherently lower risks, and decommissioning the old
machines.

Many of the original equipment manufacturers of these units no longer exist, or no longer
operate in this market, so only a handful of experts remain who have the necessary expertise and
equipment to undertake these removals safely and in compliance with legislation.

Historically, the approach was to move sources in their existing shield housings, which at the
time was in accordance with existing regulations or under a Special Arrangement granted by a
Competent Authority for de-sourcing in hot-cell facilities. However the expertise and technology now
exists to enable either on-site unload of the sources into approved transport containers, or transport
entire units in an approved Type B(U) container negating the requirement for a Special Arrangement
for Type B quantities.

The UK approach has been to develop a Type B approved overpack (colloquially known as
Transactive) which is essentially a 20 foot ISO container, manufactured in the UK to meet the IAEA
standard for Type B(U) package regulatory requirements. It has a payload of 6 tonnes, which far
exceeds any other Type B approved container currently available. Transactive therefore enables
removal of some of the older and heavier irradiation units, for which there has previously been no
solution.

Decommissioning of any of these units ultimately requires separation of the radioactive
components for either disposal or use as feedstock. Recycling routes exist for 60co, 137cs anci
depleted uranium, although not all meet the required criteria. Those that are not suitable for use as
feedstock are destined for long term storage pending availability of a final disposal repository.

Each of these operations requires careful consideration of the associated risks and hazards.
Detailed documentation is produced to identify each of the hazards, both conventional and
radiological, and the safeguards that are put in place to minimise the risks to the operators, members
of the public, property and the environment. Contingency plans are developed to demonstrate how
failure of one of the safeguards would be managed.
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MANAGEMENT OF LIQUID RADIOACTIVE WASTE FROM RESEARCH AND
TRAINING LABORATORIES OF RADIOCHEMISTRY AND RADIOECOLOGY

A.P. KRASNOPYOROVA
G. D. YUHNO

O. Y. SYTNIK
The Kharkov National University,

Radiochemistry and Radioecology Department,
Ukraine

Liquid radioactive waste (LRW), that is formed in research and training cycle of radiochemistry and
radioecology laboratories of Kharkiv National University, corresponds to medium active one (10^-10^
Bq/1 ). Since the great number of different radioactive isotopes is involved in research conducted by
the laboratories, liquid waste contains various radioactive contaminations. As a rule these are the
water solutions of salts with concentration of 0.8-1.0 gm/1, containing mixture of 45(3a, 65zn , 90gr,
173cs radionuclides. Accumulation of liquid waste from the laboratories is comparatively small,
approximately 20-301 per month.

A great while LRW from the laboratories had been accumulated in special protective containers and
delivered to the central waste disposal. Numerous studies [1-4] has shown thatLRW storage in special
containers may only be temporal, since durable holding of waste necessarily gives rise to corrosion of
the facing materials, and therefore diffusion of radioactive substances into environment. In addition
long-term LRW storage is disadvantageous from economic point of view. Only conversion ofLWR
into solid state provides safe protection of environment and decreases volumes of waste.

At present LRW from the laboratories is necessarily decontaminated and concentrated before being
disposed.To that end the sorption methods are used, in which radionuclides from solution are
concentrated in solid phase.

Since small volumes of LRW are accumulated in the laboratories, the simple scheme of LRW
treatment and conversion into solid residual has been designed. It comprises two steps.

At the first stage consists in combining of lime-soda-ash softening with the ion-exchange sorption on
the finely divided solid sorbent. Natural zeolite, clinoptilolite from Sokirnitsk deposit of Ukraine, is
used as the sorbent. Usage of clinoptilolite is justified by its high selectivity and sorption power in
regard to 90sr, 137£s, 65zn radionuclides [4,6]. Both low cost and availability of clinoptilolite as
well as its strong holding of sorbed radionuclides allow to dispose clinoptilolite into solid waste
without recovery [6].

Upon rapid mixing, solutions of Ca(OH)2 (80 mg/1) and NaHCO3 (100 mg/1) and finely divided
powder of clinoptilolite in the amount of 150 mg/1 (with size of the grain 0.25 - 0.4 mm) are placed in
the pot containing LRW. Mixing is provided with compressed air. In the given process clinoptilolite
serves as both a contact mass and a sorbent. In this case the time of crystal formation is decreased to
several minutes instead of several hours. Maximum removal of the radionuclides is achieved upon
the pH = 8.5 - 9.
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The sediment formed is removed by filtration through the vacuum pump with a belting filter,
impregnated with a vegetable extract that contains tannins. The latter are fixed in the pores of a cotton
material, belting, with the help of aluminium hydroxide by electrocoagulation. Tannins are the natural
complexing agents binding radionyclides into insoluble complexes, fixed in the depth of the belting
filter [7]. Thereby additional purification of the solutions from radionuclides is achieved .

Received filtrate is tested for radionuclide content with standard techniques of P-y-spectrometry and
radiochemistry. In the combined method of LRW treatment, the bulk of radionuclides is removed as
precipitate: 45c a (100%), 90s r (99.8%), 65zn (99.5%), 137cs (98.9%).

The second stage of the treatment and concentration of LRW containing residual amounts of
radionyclides, is filtration through the tower, filled with fine-grained clinoptilolite (the size of the
grain 0.4-0.8 mm). The rate of filtration flow is 2 dm^/h. The highly developed surface of the
powdered sorbent essentially improves kinetics of the sorption, helps decrease sorbent-sorbate contact
time, after being used, clinoptilolite can be disposed to solid waste without regeneration [1, 3, 5].

Thus the process of LRW treatment and concentration, consisting of two steps, allows to decrease
radioactivity of LRW to the level satisfying quality specification of waters, disposed to hydrosphere.
The filtrate received after the second step is tested for radioactivity and drained to the sewerage.

The solid residuals obtained after the first and the second steps are integrated, dried and directed to
solid wastes suitable for further disposal. The volume of the solid radioactive wastes obtained by such
a method of decontamination is about 1% of the volume of treated water.
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Radioactive Waste Management in English and Dutch Caribbean Countries
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Ionizing radiation in English and Dutch Caribbean countries is mostly limited to x-ray
machines for medical radiology. Only Aruba, Barbados, Jamaica, Netherlands Antilles and
Trinidad and Tobago have radioactive sources for medical and industrial purposes.

In nuclear medicine, the most common radionuclides are Tc-99m for diagnosis and I-
131 for therapy. Curacao also uses 1-125. The use of Mo-Tc generators range from twice
weekly to every other week, depending on the country. The use of 1-131 is of the order of
several tens of GBq per month. Unused radioactive material is placed in a storage area to
decay for several half-lives and then dumped in the regular sewage. Patient excreta from
diagnostic administrations do not receive any particular care. For therapeutic administrations,
patients are hospitalized until the measured exposure levels from their bodies meet the
acceptable discharge constraints of the medical physicist in charge of radiation protection at
the facility. Mo-Tc generators are left to decay from months to years in a suitable storage area
and then disposed of. In Jamaica the lead from the generators is sold as scrap metal. All of
these countries have Co-60 sources for teletherapy purposes of the order of several hundreds
of TBq. Except Barbados and Curacao, which have high dose-rate brachytherapy
afterloading-machines that use 370 GBq of Ir-192 every three to four months, the other
countries utilize Cs-137 sources. Jamaica and Curacao also have Sr-90 for ophthalmologic
applications. After their useful life, therapy sources are returned to and replaced by their
suppliers.

While the number and location of medical sources are well known, and their use is
under the control of qualified medical physicists, industrial sources have only been surveyed
thoroughly in Aruba and the Netherlands Antilles. They are, however, common in all the
countries, especially in the Dutch Caribbean and Trinidad and Tobago, which have a large
number of oil refineries. The most common radionuclides are Cs-137, Ir-192 and Am-241 for
non-destructive material testing, and as density, level and soil moisture gauges. In the
Netherlands Antilles their activity range from 30 kBq to 7 TBq. hi theory, these sources are
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left to decay until the radiation levels are safe for regular disposal, but several incidents of
illegal dumping have been reported, especially in Aruba. As there is no regulatory authority
for radiation safety (as is the case of the English Caribbean) or its infrastructure is limited (as
in the Dutch Caribbean), the situation is worrisome.

Of particular interest is how each one of these countries has handled Ra-226, which
had been used in the past mainly for brachytherapy. Trinidad and Tobago had it removed by
PAHO, after some sources were leaking. Jamaica -the only English Caribbean country
member of the IAEA- had it conditioned by the IAEA. Barbados did their own conditioning,
but would prefer to have the sources removed. Neither Aruba nor the Netherlands Antilles
report any existing Ra-226 in their islands.

The medical physicists in all these countries are strongly requesting a greater
commitment from their governments regarding radiation safety legislation and regulations.
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REGULATORY FRAMEWORK, STRATEGY AND RADIOACTIVE WASTE
MANAGEMENT IN ZAMBIA

S. Banda, Lusaka, Zambia

Zambia is involved in the peaceful application in Nuclear Science and Technology which
cover the agriculture, human health, industry, research and education sectors. In the execution of
the projects various radioactive sources and radioisotopes are used.

The data from the Radiation Protection Board show that there are 136 organizations and
971 Radiation workers benefit from the regulatory control and personnel Dosimetry service that
is provided by the Board. The radiation user institutions are broken down as follows: medical
(106), industrial (18), research (10) and (2) in teaching.

The radioactive waste generated and spent sources are managed, in several ways
depending on the type .

In addition to radioactive waste generated by various application there are new
developments concerning the management of spent sources mainly brought into control by the
detection of illicit trade or trafficking activities by the Police, Drug Enforcement Commission,
and the vigilant people of the community.

The challenge for Zambia is to set-up a Radioactive Waste Management Facility
preferably under the National Institute for Scientific and Industrial Research (NISIR). The RPB
should legally designate NISIR for this function and assist to have the Government provide
support that is required to have an operation and effective facility.

One Radioactive Waste Interim Storage Shed at Kalulushi. This shed was put up by a
copper mining conglomarate which now has been privatized. It is hoped that this facility can be
licensed by Radiation Protection Board to be run by private enterprise for storage of prescribed
spent radioactive sources and materials. This shed should be technically competent persons and
should have good equipment for the purpose.

The application in industry (NDT, mining, radiation sterilization, pipeline and
construction, human health (nuclear medicine, radioimmunoassay and radiotherapy practices) and
agriculture (use of P-32) required that a National Strategy for the management of the spent
radioactive materials and the waste materials from the practices be developed with Radiation
Protection Board playing a leading role. The International Atomic Energy Agency will continue
to be a major cooperating partner in the development of this capacity through the technical
expertise, equipment, technical literature and training fellowships that can be provided through
the Technical Cooperation Programme.
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MANAGEMENT OF DISUSED SMOKE DETECTORS

J.P. Lacroix
Belgium

Smoke detectors containing radioisotopes with long half-life (such as 241Am and
239Pu), are widely used all over the world. Very small activities are required for this
application but in each country, the smoke detectors are present by thousands.

The volume of the radioactive sources being so small compared to the overall volume
of the device, the volume reduction is the only responsible option for their management and
storage.

These sources, collected as such, require deep geological repository that so far are not
operational anywhere. The conditioning and the packaging should try to meet the requirement
for future repository.

The National Institute for Radioelements, in Belgium, (IRE) has acquired a wide
experience in the field of handling, conditioning and storage of disused smoke detectors and
lightning preventors mainly based on 241Am sources. Up to now, more than forty different
types of smoke detectors were dismantled in the IRE facilities representing a total amount of
more than 30,000 items.

This report presents a practical management option for disused smoke detectors
sources and provides an example of specific technical procedure for 241 Am sources handling
and conditioning for long term storage.

This management option does not request heavy infrastructure. For this reason this
practical approach can be implemented in every waste treatment facility including those in the
developing countries.
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Management and disposal of disused sealed radioactive sources
in Europe
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Status and trends of Sealed Radioactive Sources Management
An International Prospectus

Al-Mughrabi, Mohamed
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Sealed Radioactive sources have been in use over the last five decade. Their use has been
widespread in health, industry, agriculture and geological exploration. Their number is
believed to be in the order of several million sources world wide. While many of these sources
are low activity many have a high activity level and a close encounter with unshielded source
can result in serious injury (or even be fatal). For a long time their control was not (and still
not in many cases) well established in many countries in the world. Even in countries where
regulatory control exists, actual implementation is far short of that expected, either due to lack
of funds, the required expertise, or presence of a technical or logistical problems.

Sealed radioactive sources with a high activity have been involved on average in 2-3
accidents/incidents per year and have been responsible for the death of 1-3 people annually.
Several accidents where radiation injuries occur also take place. It can be said that sealed
sources have been the main cause of death in the nuclear industry in the peaceful use domain.
Due to lack of control over a long period (during the 1960's and 1970's, many sources have
slipped out of regulatory control and source have become "lost". The lack of required
infrastructure to manage spent and disused sources is the main factor resulting in further
deterioration of the situation in most countries.

Several international initiatives to improve the infrastructure, from regulatory as well as
technical aspects are underway. Some problems however, require direct intervention to take
timely action before it maybe too late. On the other hand some aspects of the legacy of the
past decades would require innovative solutions and international co-operation to find
practical technical solutions to render several tens of thousands of sources safe and under
control. Only then we may see accidents with sealed sources reducing and the situation getting
under control.
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The IAEA Perspective on International and National
Radioactive Waste Management Information Systems

G.W. Csullog, W.E. Falck, S.T.W. Miaw
International Atomic Energy Agency, Vienna, Austria

Introduction

Over the last decade, two significant developments have taken place relative to international and
national information systems for radioactive waste management:

(1) The Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management came into force 2001.06.18. It establishes commonly
shared safety objectives and sets out the specific obligations of Contracting Parties aimed
at achieving those objectives. Adherence to these national obligations will be monitored
through an international process of peer review by the other Contracting Parties. Each
Contracting Party must prepare a report on the measures taken to meet its obligations
under the Joint Convention, which will be distributed for review by all Contracting
Parties. In review meetings, each national report will be discussed along with the
comments and questions from other Contracting Parties.

(2) Agenda 21 was issued from the United Nations Conference on Environment and
Development that was held June 1992 in Rio de Janeiro. The IAEA was assigned the
responsibility to develop Indicators of Sustainable Development (ISD) for radioactive
waste management. Among other issues, the ISD are to be developed according to the
following criteria:
• primarily national in scale or scope,
• relevant to the objective of assessing progress towards sustainable development,

and
• dependent on data that are readily available or available at a reasonable cost to

benefit ratio, adequately documented, of known quality and updated at regular
intervals.

Both the reporting requirements under the Joint Convention and in support of the ISD will likely rely
on nationally-based information about radioactive waste management programmes and organizations,
activities, plans, policies, relevant laws and regulations and waste inventories. The full or partial use
of international radioactive waste information systems to assist reporting is a matter to be decided by
Contracting Parties and individual countries.

International radioactive waste management information systems are needed to provide overviews of
the status of and trends in:

• establishing national systems for radioactive waste management,

• the operational state of radioactive waste management facilities (processing,
storage and disposal), and

• annual radioactive waste arisings and the accumulated inventories of waste in
storage and disposal facilities.

Various international organizations use and assess information about radioactive waste management,
such as the IAEA, the OECD/NEA and the European Union. At a recent international meeting on
"Information for Decision Making", experts noted that the "lack of full and effective co-operation
between departments and institutions both at the national and international levels responsible for data
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collection.. ..often leads to inefficient information management due to duplication of surveys,
inconsistent methodologies and inefficient use of information". Clearly, international organizations
need to co-ordinate their activities in the collection and dissemination of nationally-based information
about radioactive waste management.

Historically, IAEA Member States have developed and implemented a variety of waste classification
schemes in support of their national radioactive waste management programmes. For those Member
States that have implemented waste inventory record keeping systems, their databases are used to
record waste inventories according to national classification schemes. In addition, the scope and
quality of information in these databases not only varies from Member State to Member State, it can
also vary from organization to organization within a Member State.

Differences in waste management record keeping at the national level complicates reporting at the
international level, where the information is to be reported in a consistent format that facilitates
comparisons between Member State submissions.

The IAEA has undertaken a number of initiatives that address the issue of nationally-based reporting
versus international reporting of waste management information. This paper provides an overview of
the Agency's efforts to:

• improve and harmonize international reporting in the area of radioactive waste management,

• provide technical guidance on developing and implementing nationally-based waste inventory
record keeping systems that consider issues such as (a) consistency in reporting for national
and international obligations, (b) the need to provide information to future generations and (c)
the possibility of a future international archive for waste repository records, and

• develop software tools for use by developing Member States.
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Sharing Experience: A Key toward successful solutions

A.Bonne, Division of Nuclear Fuel Cycleand Waste Management, Department of Nuclear Energy,
International Atomic Energy Agency, P.O. Box 100, A-1400 Vienna

Benefits from the use of radioactive materials and nuclear technology applications in
many sectors of our activities are obvious. Scientific and technical progress and the need for
development make the use of a variety of radioactive materials and these technologies
constantly increase. At present millions of radiation facilities, radioactive isotopes and
radioactive sources are applied and used in industry, research, medicine, agriculture,
education, training etc. One can hardly identify a country on the globe that has no use of a
radiation technology or of radioactive material. Many countries are addressing identical issues
and have to solve similar problems.

As any other sector processing and using materials, the applications of radioactive
substances and nuclear technologies generate wastes, viz. radioactive wastes. The intrinsic
waste management problems associated with applications are fundamentally not different
from those in association with nuclear power generation. In most countries with nuclear power
the infrastructure has been set already for the management of radioactive waste from all
sources. However, most of the managerial activities for wastes and residual materials from
applications do not require the use of complicated and expensive systems and technologies
and consequently in countries without nuclear power "simple" and reliable technologies have
been set up for wastes from these applications.

These considerations, together with a need for efficiency, point towards the conclusion
that co-operation and sharing of experiences between countries and sectors is a very logical
objective to strive for in view of the ultimate goals of radioactive waste management.

The present level of technology development and existing practices has shown, that
radioactive materials and waste generated during their processing and use can be managed
cost-effectively according to different options. However, the application of these options
requires confidence and consistency from the safety point of view. This confidence and
consistency can be enhanced through co-operation, communication and sharing of experience,
nationally and internationally.

hi full response to its Mandate, many of the activities of the International Atomic
Energy Agency are geared towards co-operation and communication, and sharing of
knowledge and experience among interested parties. In the waste management area and for
this audience the following Agency activities are of particular interest and are intended to help
the national programmes to come closer to final solutions for their waste management
activities:

• information transfer and information exchange;
• capacity building and improvement;
• review and advisory services;
• direct assistance services;
• consensus building.
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OVERVIEW IN ARGENTINA ON SPENT/DISUSED RADIATION SOURCES

M. B. LAVALLE
Comision Nacional de Energia Atomica (CNEA)

Buenos Aires, Argentina

Argentine nuclear activities have begun since about 1950. Since those days the
peaceful applications of nuclear energy have been developed and together with then
radioactive wastes have taken more and more relevance day by day. To deal with this special
subject the Radioactive Waste Management Programme (RWMP) has been established.

Spent/disused radiation sources are a very important task to consider in the
management of radioactive waste. A great number of sources have been received along these
years by the RWMP. Tables with the different sources categories handled together with their
figures and radionuclide activities will be presented. Also, it will be described the steps that
have to be followed by the users/owners of spent/disused radiation sources to transfer them to
the RWMP.

Once the sources are in the RWMP custody, they can be stored or they can be
conditioned in order to be stored in an interim storage or disposed of. Table I shows how the
different sources are managed, taking into account the radionuclide's half life, its activity and
the available facilities.

Besides a record-keeping system for tracking all spent/disused radiation sources has
been developed. It consists on a computerized database that contains essential information
about the sources as well as the whole radioactive wastes managed by the RWMP.

The main objective of the waste management registry-database system is to collect,
identify, process and follow the related information about the radioactive wastes among al the
management steps. It is also able to calculate the actualized activity inventory for the storage
and final disposal facilities.

In order to implement this system, it was necessary to write the related technical
documentation. These documents established the radioactive waste acceptance requirements,
that together with others integrates the Quality Assurance System applied to the radioactive
waste management.

Regarding the disused sources little could be done. They are stored in an appropriate
storage facility, but very few of them could re-entered to the market with other use.

All these activities are under the control of the Regulatory Authority, who is in
permanent contact, through the inspectorate body, with the waste management operators as
well as with the users/owners of radiation sources.

With regard to radium sources a campaign has been organized by both the RWMP and
the Regulatory Body to collect all the radium sources along the country. This is a free cost
campaign which is almost finished. The plan is to have all the radium sources safe stored in
Ezeiza interim storage by the end of this year
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Radionuclide

60Co

137Cs

192Ir

241Arn/Be

226Ra

60Co

I37Cs

85Kr

LLSWT: Low 1

Typical
Activity

50 -1000
Tbq

500 TBq

0.1-5TBq

1 - 500 GBq

30 - 300
MBq

0.1-10
Gbq

0.1-20
GBq

0.1-50
GBq

Decay
Energy
(Kev)

Half-life

Y(1173;1333)
P(max.: 318)

y(662)

P(max.:512)
e(624)

7(317)
P(max.: 675)
e(303)

Y(60)

a(5486)
neutrons

y(186)

a(4784)

y(1173;1333)
p(max.: 318)

Y(662)
p(max.: 512)
e(624)

p(max.: 687)

5.3 a

30 a

74 d

433 a

1600 a

5.3 a

30 a

10.8 a

evel solid waste trenches
Table I: Spent/disused sources management

Origins

Medical

Medical

Industrial

Industrial

Medical

Industrial

Industrial

Industrial

Applications Management

Teletherapy

Teletherapy

Industrial
radiography

Well
logging

Manual
brachytherapy

Level gauge

Level gauge
density gauge

Thickness
gauge

Interim
Storage

Interim
Storage

Decay
Storage for
about two
years, then
disposal at
landfill
Cementation
in stainless
stell drums
followed by
interim
storage

Retrievable
interim
storage
Cementation
in iron steel
drums
followed by
disposal at
LLSWT
Cementation
in iron steel
drums
followed by
interim
storage
Cementation
in iron steel
drums
followed by
interim
storage
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A MODEL FOR THE DISSOLUTION OF CaO-SiO2-H2O GEL AT C/S>1 COEXISTING WITH
ETTRINGITE SYSTEM CONSIDERING INTERACTION

Md. Mazibur Rahman, Mohammad Mizanur Rahman, Abdul Koddus and Abdul Jalil

Institute of Nuclear Science and Technology, Atomic Energy Research Establishment,
G. P. O. Box No. 3787, Dhaka-1000, Bangladesh

CaO-SiO2-H2O (C-S-H) gel and ettringite (3CaO-Al2O3-3CaSO4-32H2O, termed as AFt) may
have interaction during the degradation of cementitious system in the low and transuranic level of
radioactive waste repository [1]. In the present study, a model for the dissolution of C-S-H gel at C/S>1
coexisting with ettringite (AFt) system has been developed by considering the interaction between C-S-H
gel and AFt for improving the reliability on the long-term safety assessment of radioactive waste disposal.
C-S-H gel is considered to be a non-ideal mixture of binary solid solution of Ca(OH)2(s) and
CaH2SiC"4(s) [2]. The activities of Ca(OH)2(s) and CaH2SiC>4(s) coexisting with AFt can be expressed as

,., CIS-1 r a12 a13 1
-exp.[_ " + 777+ ^ , , ^ , Jan+au-a23)] andCIS (CIS)2 441 2\xC/S

1 r ,C/5-l . , an CIS-l
*2' ~a?s) = e x p i a , , x ( ) 2 H——+ ~ ' "——(a , , + a « - a , , ) ] , respectively.
2 C j s F L 12 v CjS ) 4 4 1 2\CIS u 23 13

Mole fractions of the system are expressed as xi+x2+X3=l, where x\, X2 and X3 represent the
mole fractions of Ca(OH)2(s), CaH2SiC>4(s) and AFt in the ternary system taken into account in the above
equations. The amount of AFt corresponding to 5% of mole of each C-S-H gel likely to be found within
multi-barrier cementitious system of the repository is considered in these equations. The empirical
parameters, an, an and or23as mentioned above refer to the interaction coefficients among the solid
solutions. The Gibbs-Duhem equation, incorporating the activities of Ca(OH)2(s) and CaH2SiO4(s), is
then used to express the conditional solubility products of C-S-H gel as a function of C/S ratio in the
ternary system. In this work, AFt is assumed to be dissolved congruently as
3CaO-Al2O3-3CaSO4-32H2O o 6Ca2+ + 2A1(OH)4"_+ 3SO42- + 4OH" + 26H2O. The solubility
product of the corresponding reaction is taken as 10~44-553

To evaluate the interaction coefficients, dissolution experiments were performed in C-S-H gel
coexisting with AFt system at C/S=1.0, 1.2 and 1.47. The concentrations of the aqueous species were
measured by ICP-AES. The determination of the coefficients is performed with geochemical code
PHREEQE on these experimental data and these values are found to be as an = -4.27, a13= 37.35 and
0^23=-5.15.

The conditional solubility products of C-S-H gel, solubility product of AFt, chemical reactions of
the species with their equilibrium constants, charge balance, mass balance and ionic strength correction
were taken into account in the calculation procedures. During dissolution, the C/S ratio changes in C-S-H
gel coexisting with AFt system. This modified C/S ratio is evaluated simply with the initial amounts of
chemical compositions of C-S-H gel by subtracting the aqueous Catotal and Sitotal concentrations
originated solely from the dissolution of C-S-H gel at a specific C/S ratio.

Measured and calculated Cantab Sitotal an<^ pH values are shown in Figs. 1, 2 and 3. The results
in C-S-H gel coexisting with AFt system are shown as a function of modified C/S ratio in these Figures.
Calculated results in C-S-H gel system reported in [3] are also shown in these Figures to predict the
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deviations with the results of the present study. The reasons of these deviations between C-S-H gel and G
S-H gel coexisting with AFt has been described elsewhere [1]. At high C/S ratios, calculated results are
found to be comparable with experimental results. However, discrepancies are observed in the vicinity of
C/S-l. These discrepancies may be due to the disordered structure of C-S-H gel, scattered
thermodynamic data, limitation of thermodynamic treatment, ionic substitution among solid solutions as a
function of C/S ratio etc.

This model may be used to predict the long-term safety assessment for the disposal of low and
transuranic level of radioactive wastes.
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Fig. 1: Ca,otal concentrations as a function of C/S ratio. Fig. 2: Sitotal concentrations as a function of C/S ratio.
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Fig. 3: pH values as a function of C/S ratio.
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Use of physico-chemical properties of the hydrooxocomplexes for
removal of radionuclides from liquid radioactive waste
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Naturally occurring radionuclides in brown coal and copper shale mining waste and its
impact on landscape mitigation

P. SCHNEIDER ', P.L. NEITZEL \ S. HURST 2,K. OSENBRUCK3,
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Extensive uranium mining and processing was widely spread in the former socialist European
countries, escpecially former G.D.R., Romania, Hungary and Bulgaria. The exploration and
the use of other radioactive contaminated mining products for energetic purposes, e.g. hard
coal for uranium extraction in Eastern Germany and highly radium contaminated coal in
Upper Silesia (Poland) was also a common practice. Besides uranium and coal mining
activities naturally occurring radioactivity was also observed in copper shale mining. All these
mining activities led to the accumulation of vast amounts of wastes and to the contamination
of large areas. The wastes usually contain not only elevated concentrations of radionuclides
like uranium, thorium and the relevant daughter nuclides but also other toxic chemical
elements. Now these polluted areas are a permanent source of ground and surface water
contamination in the mining districts.

For reasons of environmental security and to avoid the uncontrolled spread of radioactive
pollution, a permanent cost effective monitoring of the pollution levels is necessary as long as
the wastes are deposited in interim disposal sites. With regard to the new German Radiation
Protection Law established in August 2001, new waste management concepts based on in-situ
mitigation are needed for these normally low radioactive contaminated wastes. Besides
improved management concepts the in-situ treatment of contaminated waters is of major
importance.

Passive water treatment systems are possible methods for a longterm cost effective treatment
of waters from mine sites with naturally occurring radioactivity. For the treatment of surface
waters internationally mainly constructed wetlands are in practice worldwide. On the other
hand a few groundwater contaminations have been equipped with permeable walls consisting
of zero valent iron. Hydrogeochemical and biogeochemical research on reactive materials is
restricted on laboratory scale and there are still not sufficient investigations to optimise
existing conventional water treatment methods methods. Furthermore for the treatment of
heavy metal and radionuclide contaminated water by permeable reactive walls only short term
experiences are existing. According to actual prognoses the lifetime of the reactive material
can be estimated to be only about 10 to 15 years. The life time of reactive materials has
recently been estimated to

In our study one main topic was to evaluate the level of naturally occurring radioactivity in
brown coal and copper shale mining wastes. The other main topic was the development of
concepts for the improvement of longterm effectiveness of passive water treatment systems
and for feasibility tests for natural attenuation and in situ bioprecipitation of heavy metals and
radionuclides as remediation methods for radioactive contaminated waste waters.
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QUANTITATIVE DETERMINATION OF 1-125 ACTIVITY IN CLOSED NUCLEAR
WASTE PACKAGES USING y-SPECTROMETRY.

I. MEIRLAEN and H. THIERENS
Ghent University - Dept. of Radiation Protection

Ghent, Belgium

Introduction

At the University of Ghent a program of decay storage of Low Level Radioactive Waste
is running, based on the selective collection of isotopes with half-lifes shorter then 90 days.
Before and after decay storage there is a quantitative determination of the activity of the isotopes
in the waste drums. In some laboratories of our University, chemicals and Pharmaceuticals
labeled with the isotope 1-125 are commonly used for research purposes. In the decay of 1-125
only very low energy X- and y-emissions are present, which can limit the detection of 1-125 in the
radioactive waste from these laboratories. In view of this we investigated the sensitivity and
efficiency of our system for LLW containing this isotope.

Materials and Methods

The system in our department is the Low Level Radioactive Waste System developed by
Canberra Packard in collaboration with the Free University of Brussels (VUB). It consists of a
High-Purity Ge-detector (model GR2518-7600SL) (Canberra Packard) with a relative efficiency
of 25%. The waste recipients that we use are cilindric polyethylene drums (0 40mm, height
700mm, volume 60 1) legally prescribed for non-radioactive medical waste. For the calibrations
as well as for the practical measurements, the drum rotates around its vertical axis during the
measurement.

0=R0 7.5=R1 15=R2 '•°oe-n3

..«..0.1g'cm\27keV

—+ 0.2 g/cm>, 27 kcV

-5 5

Source height

Figure 1 : The 15 different positions
the point source in the waste barrel.

Figure 2 : Mean efficiencies per height in the barrel for for
the 27 keV photon radiation for two densities.
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For the general efficiency calibration of the system 3 point sources were used : Am-241,
Ba-133 and Eu-152. There was a determination of the efficiencies for 20 energies between 17.61
keV and 1408 keV, for 15 positions in the waste drum (figure 1) and for 7 different densities. For
use in daily practice the efficiency is calculated as a mean for the 15 positions for a specific
density, thus assuming a homogeneous distribution of the activity.

For the specific 1-125 efficiency experiment we used a standard waste drum with 2
densities : 0.1 g/cm3 and 0.2 g/cm3. To obtain these densities, the barrel was homogeneously
filled with plastic vials and paper. A point source of 1-125 (3.7 MBq) was placed in the barrel at
the 15 different positions (figure 1). For every position of the source we determined the efficiency
and the minimal detectable activity (MDA). We used the 3 prominent X- and y- rays in the decay
of 1-125 : 27.35 keV (114.1%) , 31.00 keV (25.8%) and 35.49 keV (6.68%). The MDA was
calculated using the Currie-criteriurn (1).

Results and Conclusion

From a radial perspective, the differences in efficiency were relatively small (on average
5% between R.0 and Rl, and 25% between Rl and R2), which is logical because the drum is
rotating during the measurement. The locations in the centre of the axis gave a little higher
efficiency because they are on average closer to the detector.

In figure 2 the system efficiency for the 27.35 keV photon radiation averaged over the
radial positions is plotted versus the height in the barrel for the two densities used.

The uncertainty on the measurement is of the order of 12%, coming mainly from the I-
125 activity and the peak area in the spectrum.

For our measurements in daily practice we assume a uniform activity distribution in the
waste drum, thus we use the average efficiency. If the activity is concentrated in the maximum or
minimum efficiency positions, the maximum deviation for the 27.35keV line is 120% for
O.lg/cm3 and 131% for 0.2g/cm3.

In table 1 the deviation is shown between the efficiency values deduced from the general
efficiency curve and the ones resulting from the 1-125 efficiency experiment for the 3 photon
emissions from 1-125.

Table I : Deviation between the efficiency values deduced from the general efficiency curve (Eff. A) and the
ones resulting from the 1-125 efficiency experiment (Eff. B) for the 3 photon emissions from 1-125.

27.35 keV
31.00 keV
35.49 keV

0.1 g/cm3

Eff. A
5,4E-04
5.6E-04
7.0E-04

Eff.B
4,7E-04
4,3E-04
5,1E-O4

Dev. (%)
15.09
31.7
37.9

0.2 g/cm3

Eff.A
4.5E-04
4.7E-04
5.8E-04

Eff.B
3,7E-04
3,2E-04
4,8E-04

Dev. (%)
20.77
45.24
21.49

In table 2 the MDA's calculated from these efficiencies are shown. The MDA's can be
compared to the clearance level for 1-125 which is 1 Bq/g (2). The weight of the drums was
between 6 and 12 kg.

Table 2 : Average MDA 'sfor the three used energy lines and the two used densities.

27.35 keV
31.00 keV
35.49 keV

Average MDA (Bq/g)
0.1 g/cm3

0.029
0.109
0.380

0.2 g/cm3

0.017
0.066
0.226
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In conclusion we can say that our system is well suited for the quantitative determination
of 1-125 in waste barrels with an uncertainty of 30%. The activities we are able to measure, are
well below the clearance level for 1-125.
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Overview of recycling technologies for decommissioned materials,,
Lessons learned during the dismantling of a small PWR reactor.
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SCK«CEN is dismantling its 11 MWe PWR reactor. The reactor was shutdown in 1987
after 25 years of operation and the dismantling started in 1990. For the management of the
low radioactive materials, we apply a strategy promoting the minimisation of the production
of radioactive waste and hence the maximisation of the production of recycled materials while
keeping the costs as low as possible. The recycled materials are either reused in the non-
nuclear industry as raw materials (metal scrap industry or building industry for the concrete)
or recycled in the nuclear industry for specific applications (reuse of metals for fabrication of
shielding, potential reuse of concrete for production of "radioactive mortar").
The clearance of radioactive materials and their reuse require the strict respect of procedures
and specifications. In our case, the Health Physics department under supervision of the
Competent Authority establishes the procedures. This procedure is still a case by case practice
but the legislation in Belgium is progressively put in place. For the recycling in the nuclear
industry, we must respect the specifications of the end-user. Up to now, we have recycled low
radioactive metals for the fabrication of shielding in the USA, so we had to respect the
specifications of the melting facility and to obtain the authorisations for the transport abroad
and for the transfer of property.

Besides the radioactive waste route, we are using several evacuation routes for the
dismantled materials:

Evacuation of the cleared metals (iron, stainless steel, copper, electric motors...) to a local
scrap dealer.

- Evacuation of metals to the Studsvik melting facility situated in Sweden: after clearance
by the Swedish Authority, the non radioactive materials are sent to a local scrap dealer
and the secondary radioactive waste is sent back to Belgium and conditioned by
Belgoprocess. This technology further decontaminates the metals and allows performing
an accurate determination of the radionuclides content of the ingots.
We are developing a recycling route for the low radioactive concrete. The basic idea is to
perform a pre-treatment (crushing and sieving) of the radioactive concrete so that it can be
reused as aggregates for the fabrication of radioactive grout. This grout is then used for
the conditioning of metallic radioactive waste. We demonstrated that it is technically
feasible to prepare a good quality grout using radioactive heavy concrete as raw material
mixed with fresh cement.

We use several technologies to reach the clearance or recycling criteria.

For metals, we use mainly:
Simple manual washing techniques or cleaning in an ultrasonic rinsing bath,

- Manual polishing with metal grinding and polishing machines,
Stripping of electric cables to separate the contaminated insulation from the clean copper,
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- Abrasives decontamination in our Wet Abrasive Decontamination unit (ZOE unit) which
can treat pieces up to 3 m long and 3 t or in an automatic dry sand blasting unit operated
by Belgoprocess which handles smaller pieces.

- Hard chemical decontamination with the MEDOC Cerium process: MEDOC is used for
stainless steel and carbon steel heavily contaminated up to 30,000 Bq/cm2 60Co. The
Medoc installation has a capacity of about 20 m2/batch, which corresponds to 0.5 to 11 of
metals. For the components contaminated by primary water, it must be noted that we
performed, shortly after the reactor shutdown, a full system chemical decontamination
that allowed to strongly reduce the dose rate of the components.

For concrete, we use mainly scabbling or shaving techniques for the controlled removal
of some mm of contaminated concrete. For deeper contaminated concrete, we use a remotely
controlled jackhammer or diamond sawing techniques.

One of the key issues is the correct measurement of the low levels of remaining
radioactivity of most often quite complex pieces. For the measurements of pieces of simple
geometry, we use the classical Health Physics p and a monitors. Two measurements of 100 %
of the surface have to be performed by two independent controllers including a certain time
interval between both measurements and using two different apparatus. The residual
radioactivity must be below 0.4 Bq/cm2 for (3 emitters and 0.04 Bq/cm2 for a emitters. The
difficulty is to measure materials of complex geometry and to avoid the clearance of materials
presenting still a "hot spot". A first possibility is to send the materials to a melting facility,
which will homogenise the product. A second possibility is to reduce the size of the object.
We follow a procedure based on the size of a 200-1 drum. To prove that the batch is quite
homogeneous, it is first divided into batches of about 15 to 20 kg which are individually
measured in a shielded 4 n plastic scintillator. This gross gamma measurement is then
combined with a gamma spectrometry measurement of the whole filled drum with a
"Canberra-Q2" system. The gross gamma counting allows rejecting the pieces presenting "hot
spots" (i.e. very localised contamination levels above the authorised clearance limits) and the
spectrometry of the drum allows proving that we respect the clearance values (based on
isotopic values).

The experience gained so far will be detailed: successful clearance of contaminated
concrete from the reactor building, clearance of contaminated structural materials, of
contaminated primary loop piping, of various tanks and auxiliaries, melting for recycling or
for clearance of various pieces....
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Management of Low and Medium Level Radioactive Waste in the
University of Brasilia-Brasilia, the Capital of Brazil

Nicoli, I.G.; Dias, CM.; Correa, R.S. and Ferreira, R.
Comissao Nacional de Energia Nuclear

Since 1994, the National Commission of Nuclear Energy (CNEN) and the University of
Brasilia (UnB) have been trying to solve the problem of the radioactive waste produced in the
university's laboratories. In 1996, the radioactive emergency service of CNEN, in Brasilia,
registered 20 emergency situations arose from incorrect procedures of storage of radioactive
waste, in the campus. For this reason, a specific program to manage these radioactive wastes was
implemented in the university by CNEN.

In order to identify the correct number of laboratories that had radioactive material, the
most used radioisotopes in research and other important informations, a questionnaire was
applied to the professors.

The results showed that UnB had 16 laboratories involved with radioactive material and
the most used radioisotopes were 32P, 33P, 35P, 35S, 14C, 3H, !25I and 131I. They also had six
equipments containing radioactive material such as, for example, hygrometers and density gauge
with 241Am-Be e 137Cs. Unidentified radionuclides without activity register, miscellaneous liquids
containing short-lived nuclides and scintillation vials containing 3H e w C were found in two
inadequate places. These places were cleaned up and suffered decontaminations.

In the final stage of the work, a provisory deposit of radioactive waste was built and a
permanent radioprotection commission was formed aiming to guarantee radiological protection
to the public and environment.
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MANAGEMENT OF DISUSED SEALED SOURCES FROM NUCLEAR GAUGES
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Comissao Nacional de Energia Nuclear - CNEN

30123-970, Belo Horizonte, MG, Brazil

In Brazil there are about 600 Radioactive Facilities that operate 3300 nuclear gauges.

The management goal for these sources is minimize the waste that must be stored and
disposed, through reutilization or a more efficient method of disposal conditioning.

A database is being implemented in order to facilitate the organization and retrieval of
information about sources stored at CDTN. Examples of the information being included are
[1]:

- radionuclide, activity and date (e.g. 60Co, 1 GBq, January 14* 1988);
physical and chemical form of radionuclide;

- producer of the source;
- source type including dimensions and shape;
- source serial number;
- results of tests which have been done, for example leak tests;
- details of the equipment, i.e. dimensions, material, etc.;
- measured dose rates (at the surface and at 1-m distance from it);
- whether the source was originally conditioned as special form radioactive material;
- working life of the equipment, etc.

It is intended to reutilize only sealed sources containing certified special form
radioactive material. Sources received at CDTN with this certification will be wipe tested [2]
in a hot-cell. A special Geiger Miiller detector for measuring very low level radiation will be
used to detect leakage at detection levels, even lower than the established leakage limit in the
CNEN-NE-5.01 Standard [3,4]. If the source does not exhibit leakage and the shutter
operation and shielding of the nuclear gauge is in good condition, it will made available for
reuse at a cost savings to the user over the purchase of a new source.

Nuclear gauges whose sources do not meet these requirements will be dismantled and
the sources efficiently conditioned.

The CDTN guidelines for establishing a methodology for conditioning disused sources
are:
• Dismantling the nuclear gauges in the hot-cell;
• Collecting the sources in an double-lead shielded cylindrical cavity below the hot-cell,

until the limit of activity or level is reached;
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Transferring the internal shielding with the sources to a 200 litre metallic drum (type A
package), internally shielded with concrete;
Retrieval of the sources, if it is necessary;
Low doses of radiation for involved workers;
Using of a high performance concrete to provide high compressive strength and low
permeability [5].

The methodology is illustrated in the Figure 1.
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ConcreteSpecial Shielding under the Hot-eel

200 L metallic drum

Fig. 1. CDTN Spent Sources Conditioning Process

Various thicknesses of concrete and lead were evaluated using the software
"Microshield". A maximum activity of 74 GBq (2 Ci) of 60Co and 370 GBq (10 Ci) of 137Cs
was assumed - about 5 and 2.5 times lower, respectively, than the transport standard limits.
The packaging that will be used for conditioning of 60Co sources will include 14.0- cm -thick-
concrete and 9.0 - cm - thick-lead. For 137Cs sources it will be used a package with 16-cm-
thick concrete and 7-cm-thick-lead.

The application of the above methodology for conditioning of the existing 137Cs
sources at CDTN (92 units on 30/04/00) - will result in 8 packages, while the use of an
conventional methodology (without dismantling) would generate about 39 drums. The
conditioning of 110 sources of 60Co will produce only one 200 L drum in contrast to the
conventional methodology, which would generate about 27 drums.
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The level of radiation on the surface of each drum was calculated with "Microshield".
For 74 GBq of 60Co the estimated dose rate on the surface of the 200 L drum will be 0.61
mSv/h and for 370 GBq of 137Cs the dose rate will be 0.06 mSv/h, below the standard limit of
2.00 mSv/h.

To dismantle the nuclear gauges a hot-cell is being implemented at the Centro de
Desenvolvimento da Tecnologia Nuclear - CDTN. The hot-cell will allow dismantling of 60Co
nuclear gauges with activities up to 7,4 GBq (200 mCi) and 137Cs up to 370 GBq (10 Ci).The
general design is presented in the figure below.
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DISTRIBUTION OF SEALED SOURCES IN USE OR STORED BY USER ON-SITE IN
REPUBLIC OF BULGARIA

G. SIMEONOV
Committee on the Use of Atomic Energy for Peaceful Purposes (CUAEPP),

Sofia, Bulgaria

Distribution of the sealed sources (SS) in use or stored by user on-site in Republic of Bulgaria
has been determined by using the categorization system proposed by Institut National des
Radioelements (IRE), Belgium [1]. The criteria used to categorize the SS were the handling and
monitoring equipment needed for dismantling, checking and treatment of spent sealed sources (SSS)
before storage and/or final disposal. The categorization system was proposed as a basis for estimation
of the needs of equipment for the new treatment and storage facility for SSS in the site of Novi Han
radioactive waste repository [2]. The categorization used to evaluate the distribution of SS in use or
stored by user on-site is shown in Table 1.

Sealed sources are widely used in Bulgaria for industrial, medical, domestic and scientific
purposes. Presently, the list of registered users of sealed beta-gamma and neutron SS consists of 387
industrial users, 78 research and control users and 14 medical users. In addition there are 48 registered
users of Pu-239 static eliminators and an estimated number shows about 1000 users of Pu-239, Am-
241 or Kr-85 sources in smoke detectors.

Wide range of activities with SS is controlled by CUEAPP, as license is required for use
and/or storage by user of every single source. An electronic data base of the licenses for use of atomic
energy is operated by CUAEPP. The investigation covered the sealed sources registered in the data
base.

The number of sources in different categories, their use and typical activity have been
determined. The same approach has been used separately for sealed sources in use, as well as for spent
sources stored by user on-site. Special attention has been paid to high activity gamma-sources used in
teletherapy and irradiators, as their activities were corrected for radioactive decay (refeence date:
March 2001); the exact location and conditions of use or storage of every such source were
established.

As a result of the investigation the following main conclusions has been made:

an enormously big share of spent sealed sources stored by user on site was determined, as for
some types stored SSS are more than SS in use;

- big number of never used sources with expired recommended working life are stored by
presently not working manufacturers of original equipment or construction companies;
Pu-239 sources are widely used in smoke detectors and static eliminators, as Pu-239 was the
preferable radionuclide for those purposes in the past;
the problem of "historical" Ra-226 in Bulgaria is insignificant;
a relatively big number of Kr-85 sources are used, as the main use is in smoke detectors;
big number of 'medium activity' (in the range of several TBq up to tens of TBq) Co-60 and
Cs-137 sources are used in gamma-irradiators opposite to the Western practice of use of less
number of sources with higher activity (hundreds of TBq).

In addition improvements to the methodology of database handling were provided, and
recommendations for future development were made.

The results will be used by IRE, Belgium to prepare an assessment of the proposed design for
a spent sealed sources treatment and storage facility at Novi Han [2] as well as for planning the future
management of SS in the country.
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MORMTORiNG NUCLEAR APPLICATION FROM A TO Z

IN JILIN PROVINCE OF CHINA

Zhongyan Xie
Radiation Environment Supervision Institute of Jilin Province
Changchun, China

National and Provincial Regulations for Radioactive Waste Management. Nuclear
applications are supervised and regulated on tow levels in China, implemented by central
government and provincial governments respectively. Central government is in charge of
examination and approval for major nuclear applications while provincial governments are in
charge of medium and small-scale nuclear applications and implementation of all the daily
nuclear applications supervision and storage.

Approaches for Managing —Monitoring Nuclear Applications from AioZIn Jilin. Radiation
Environment Supervision Institute of Jilin Province (RESUP) ,on behalf of provincial
government, is in charge of nuclear applications which entail submit and enrollment. The
nuclear application programs cannot be permitted unless the Environmental Impact
Assessment (EIA) is up to the standards. The programs should be monitored by RESIJP from
beginning to the end. In the process of implementing of the programs, the monitoring
organization should sample timely. The government must be kept well-informed about
radioactive wastes produced in the programs which, should transferred to the radioactive waste
storage. Implemented programs supposed to decommission must get the agreement of REST.TP
through EIA to ensure the safety of radiation environment.

Waste Storage, Transportation and Disposal Measures in Jilin Province. There is a
modem radioactive waste storeroom in Jilin, which stores the radioactive wastes collected from
all over Jilin everyday. The storeroom, which is located in a beautiful mountain place with
ecological monitoring system is safety. The storeroom, with necessary facilities, becomes an
model engineering for urban waste storerooms of China.

Achievements of Whole Course Supervision of Nuclear Applications
Nuclear applications are kept under efficient supervision all the time so that environmental

safety is guaranteed.
The amount of radioactive waste decreased by the means of economy and supervision (refer

to the annex).
The rate of radiation accidents have been lowered since the implementation of whole course

supervision (refer to the annex).
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One Problem for International Help. The problem yet to be solved is how to handle the old
and complex storage located in Jilin with a large quantity of radioactive wastes and some toxic
chemical materials. The activity and categories of these wastes are unknown. The provincial
government has decided to let the storage decommission which, is hard to implement in that
the technique difficulties. Help from international colleagues is wanted.
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The Management of Radioactive Wastes in China

TENG Lijun
Department of Nuclear Fuels, China National Nuclear Corp.(CNNC)

This paper want to introduce the management of radioactive wastes in China.

The Management System

The management system of radioactive waste consist of the institutional system and the
regulatory system.

During the recent 30 years, more than 50 national standards and trades standards have
been issued, will be published, or are being prepared, covering essentially all the
process of wastes management.

State Environmental Protection Administration(SEPA) is in charge of not only the
environmental protection view but also nuclear safety surveillance of radioactive waste
management, especially in the aspect of HLW disposal.

China Atomic Energy Authoriiy(CAEA) is a centralized management of the
government responsible.

China National Nuclear Corp.(CNNC) is responsible for the management work of
radioactive wastes within its system, implementing national policies on wastes
management, and siting, construction and operation of LILW repositories and HLW
deep geological repository.

The Policies of Radioactive Waste Management

The LILW for temporary storage shall be solidified as early as possible. Regional
repository for disposal of low-and intermediate-level wastes shall be built.

HLW is Centralized disposal in geological repository.

The radioactive wastes and waste radioisotope sources must be collected to the
signified place(facilities) for a relatively centralized management in each province,

The Accompanying Mineral radioactive wastes can be stored in the tailing dumps or
connected to the storage place for a temporal storage, then transported to the nearby
tailing dumps of installation or tailing dumps of mineral-accompanying waste for an
eventual storage.
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Activities in the Wastes Management

Radioactive wastes treatment and conditioning

Since 1970, the study on the HLLW vitrification has been initiated. In 1990, a cold test
bench for the vitrification (BVPM), introduced from Germany, was completed in
Sichuan Province.

As for the LILW, the cementation is used in Qinshan and Daya Bay NPPs.

The bituminization is used for the LLLW treatment. Up to now, some LLLW has been
solidified by using bituminization. The bituminized lumps (200L steel tanks) produced
by solidification are now stored in repository.

R&D work on waste packing containers has been carried in China, which include steel
barrel, steel and concrete cases. A series of standards have been established for these
containers.

Disposal of radioactive wastes

A large mount of ELLW is stored in the underground carbon steel tanks after
evaporation, concentration and neutralization. Through research and demonstration for
more than ten years, it was decided that by using hydraulic fracturing and large volume
pouring, the medium-level concentrated waste was disposed of in Sichuan and Lanzhou
separately.

According to the policy on LILW regional disposal, the national regional repositories
have been constructed in the area where nuclear facilities are comparatively
concentrated to dispose of local LILW. So far there are 2 repositories in China, the
Northwest Repository and Guangdong Beilong Repository.

During the 1980's, China has engaged in the research on the HLW disposal, the
planning on the HLW deep geological disposal has been formulated. The
multidisciplinary studies involving geology, hydrogeology, etc. have been carried in the
Beishan area in Gansu Province.

For application waste,, there are some storage facilities all over country.

Reference
1. Qu Zhimin, An Analysis on the Management System of Radioactive Waste in

China, IAEA's Conference, Spain, 2000.

2. IAEA, The Principles of Radioactive Waste Management, Safety Series No. 1995
edition, IAEA, VIenna(1995).
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MANAGEMENT OF DISUSED TELETHERAPY SOURCES

Benitez-Navarro J.C., Salgado M., Madrazo S., Jova L., Castillo R.
Center for Radiation Protection and Hygiene (CPHR)

Nuclear Energy Agency
Havana, Cuba

INTRODUCTION

Disused radiotherapy sources represent a large waste problem in most developing countries.
Improperly controlled and stored such kind of sources has caused many accidents around the world [1,
2]. Some of these accidents resulted in human deaths and/or contamination of large areas (e.g. Brazil,
Turkey, Thailand). According to the potential harm the sources may cause, teletherapy sources belong
to category 1 [3]. In order to reduce the risk associated with high activity sources the first priority
would be to bring under appropriate controls. It is important to have a proper infrastructure for their
safe management in the country. The CPHR is responsible for centralized collection, transportation,
conditioning and long-term storage of disused radioactive sources in Cuba.

CHARACTERISTICS OF DISUSED TELETHERAPY SOURCES

Radiotherapy sources may have high concentration of radionuclides in extremely small
volumes. The radionuclides most commonly used in teletherapy sources are 60co and 137cs. In
sealed radioactive sources metallic cobalt is always used, meanwhile Cesium can only be used as a
chemical compound.

INVENTORY OF DISUSED TELETHERAPY SOURCES IN CUBA

An updated inventory of all stored wastes and disused radioactive sources is kept at CPHR.
The current inventory of stored teletherapy units is presented in Table 1.

Table 1. Inventory of Disused Teletherapy Units in the Storage Facility
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MANAGEMENT OPTIONS FOR DISUSED TELETHERAPY SOURCES

For disused sealed radiation sources with high activity (e.g. 60co and 137cs used for
teletherapy) the only management option, except returning the source to the manufacturer, is long
term interim storage (several decades) awaiting future disposal [4].

Due to the high cost of disposal, sources conditioned for interim storage should have the
flexibility to accommodate future waste acceptance criteria. Furthermore conditioning by complete
embedding in concrete may be counterproductive with regard to efficient utilization of repository
space. Consequently any conditioning process for interim storage should be carried out with the
possibility of retrieving the source for further conditioning without imposing undue cost.

Preparation of the container

A competent company manufactures the metallic containers, without any inside or outside
corrosion and mechanical damage. Containers are then painted and marked with the package code and
radioactive symbol.

Conditioning

The disused teletherapy source within the working shield is lifted and positioned in the center
of the container (fig. 1). In order to further secure the source, two iron bars are welded on the upper
part of the container. This way source is not accessible unless the iron bars are cut.

After that the container is covered with the lid and locked by screwing to prevent unintentional
and unauthorized opening. Closing and locking the container concludes the conditioning process,
where the teletherapy source is kept retrievable nevertheless it can be stored safely with regard to
irradiation, contamination and physical safety.

Figure No. 1 — Examples of some disused radioactive sources stored at centralized facility. Conditioning
process. Controlling dose rate.

STORAGE OF TELETHERAPY SOURCES

Until a repository is available, a national interim storage facility for conditioned radioactive
wastes and disused sealed sources was developed. The storage facility is located in a sparsely
populated region - Managua. The facility is a construction above the original ground surface as an
earth-covered mound. The estimated capacity of the storage facility is about 200 vcfi [5].
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LICENSING

The National Center for Nuclear Safety (CNSN) as the national regulatory authority is
responsible for the licensing and supervision of radioactive and nuclear installations. CPHR applied to
CNSN for an authorization (License) for managing the disused teletherapy units in the country. The
application specified: purpose of the storage facility, suggested operational and radiation protection
procedures, quantity, types and characteristics of disused teletherapy sources, safety assessment
environmental impact of the facility under normal and accident conditions, systems for record-keeping
and reporting, contingency plan and description of the CPHR implemented quality assurance
programme.

QUALITY ASSURANCE

A record-keeping system for tracking teletherapy sources has been established and
maintained. The information is reliably stored and archived both manually and by a computerized
database. This include: source model, identification numbers (source and container), radionuclide,
activity and reference date, manufacturer, former user, place of storage. This information has been
obtained by supplementary measurements, questioning persons and consulting documents.

Other set of data, defining the characteristics of each conditioned package is registered and
kept before this package is stored for long periods. Data for documentation includes: package
identification number, activity content and reference date, number of sources conditioned, surface
dose rate, dose rate at 1 meter, contamination level and date of measurements, date and place of
conditioning, conditioning method, responsible conditioner and position of the package in store.
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Remediation and upgrading of old, inadequate waste management facilities
"Integrated waste management system for rare earth and rare metal industry at Sillamae,

Estonia, former uranium facility"
(Authors: Dr. Tonis Kaasik, Anti Siinmaa)

The Sillamae Metallurgical Plant was built in 1946-1948 at Sillamae, in North-East
Estonia, ca 190 km from Tallinn.

Target product was uranium, mostly in form of yellow cake (U3O8) for Soviet nuclear
program. Uranium ore processing continued from 1948 to 1977, totally 4,013,000 tons of
uranium ore were processed at Sillamae plant.

In early 1970s the plant introduced a new production line - rare earth elements. Rare
earths were until 1991 produced from loparite (later from semi-processed loparite) - rare
earths, niobium, tantalum and NORM-containing ore for Kola peninsula, Russia; later.

All wastes were, as typical to hydrometallurgical processing all over the world,
discharged to a large, 40 ha liquid waste depository - tailings pond, what in Sillamae case was
designed to discharge all liquid constituents slowly to the Baltic Sea.

All uranium related activities were stopped in 1990, when only rare earth and rare
metal production lines remained operational.

The plant was 100 % privatized in 1997 and is today operated by Silmet Ltd.,
processing annually up to 8 000 tons of rare earth and 2000 tons of niobium and tantalum
ores.

Like all industries, inherited from Soviet times, Silmet plant is today facing a serious
challenge to upgrading technologies towards waste minimizations process efficiency.

The historical tailings pond, containing ca 1800 tons of natural uranium and ca 800
tons of thorium, was found geotechnically unstable and leaking to the Baltic Sea, in mid 90s.

Being a problem of common Baltic concern, an international remediation project was
initiated by Estonian Government and plant operator in 1998.

In cooperation with Estonian, Finnish, Swedish, Danish and Norwegian Governments
and with assistance by the European Union, the tailings pond will be environmentally
remediated — dams stabilized and surface covered, by end of 2006.

Close-down and environmental remediation of the tailings pond provides plant an
ultimate challenge of discontinuing the use of liquid waste depository and re-arranging
completely entire waste management system. One of the most complicated and not yet
properly regulated areas is radioactive waste management. The Silmet waste is unique in
terms of radioactive waste categorization and applicable regulations. The reason being that its
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radioactivity levels is above NORM waste but below many TENORM radioactivity levels.
How the waste will be treated from a regulatory standpoint has yet to be determined. A
conceptual design of Silmet's Integrated Waste Management System defines 'cold top'
vitrification technology as the best which converts all hazardous waste and reduces
radioactive waste volume by approximately 50% and renders it inert and immobile in the
environment. Waste material vitrification involves combining glass-forming compounds with
the waste to be treated in a melt chamber heated to a temperature of 950 to 1,350 °C. Organic
compounds within the waste stream are destroyed or encapsulated with the glass matrix.
Metals and radionuclides present in the waste are combined within the glass matrix. Unlike
solidification/stabilization, which greatly increases final waste volume, this technology
significantly reduces the final waste volume, similar to incineration. The resulting glass
matrix is the most durable waste form currently known. In fact, the U.S. Environmental
Protection Agency has labeled this technology the best demonstrated available technology
(BDAT) for high level radioactive waste.
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Delamination and segmentation techniques for the decommissioning of
nuclear installations

Peter Wilk, Friedrich-Wilhelm Bach, Harald Bienia, Christian Redeker, Ralf Versemann,

Institute of Materials Science, University of Hanover, Appelstr. 11 A, D-30167 Hannover, Germany

The complexity of components from nuclear installations subject to dismantling is enormous
and so is the number of segmentation and delamination techniques as well as the referring
handling systems. To choose the ideal technique and the corresponding strategy, complex
boundary conditions have to be considered. The most important criteria are

• costs,
• the amount and kind of radioactivity (contamination, activation, isotopes, spacial

distribution within the working piece...),
• aspects of radiation protection (segmentation under ambient conditions/under water...)
• the kind of material to be cut (steel, concrete, graphite, compound materials...),
• geometries (thickness, structure...) and
• their spacial accessibility.

Based on these criteria, delamination or segmentation processes are selected. A selection of
techniques is presented and new trends are pointed out.
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ESTABLISHING A CENTRAL WASTE PROCESSING AND STORAGE FACILITY

IN GHANA

E.T.Glover, E.O. Darko^f and J.J. Fletcher

National Radioactive Waste Management Center
Tf Radiation Protection Board

Ghana Atomic Energy Commission
P.O. Box LG 80
Legon - Accra

Radioactive waste and spent sealed sources in Ghana are generated from various nuclear
applications - diagnostic and therapeutic procedures in medicine, measurement and
processing techniques in industry, irradiation techniques for food preservation and
sterilization of medical products and a research reactor for research and teaching.
Statistics available indicate that over 15 institutions in Ghana are authorized to handle
radiation sources (table 1). At present radioactive waste and spent sealed sources are
collected and stored in the interim facility without conditioning.

With the increasing use of radioactive sources in the industry, medicine for diagnostic
and therapeutic purpose and research and teaching, the volume of waste is expected to
increase. The radioactive waste expected include spent ion exchange resins from the
nuclear reactor water purification system, incompactible solid waste from mechanical
filter, liquid and organic waste and spent sealed sources. It is estimated that four 200L
drums will be needed annually to condition the waste to be generated.

The National Radioactive Waste Management Centre (NRWMC) was therefore
established to carry radioactive waste safety operations in Ghana and research to ensure
that each waste type is managed in the most appropriate manner. Its main task includes
development and establishment of the radioactive waste management infrastructure with
a capacity considering the future nuclear technology development in Ghana. The first
phase covers the establishment of administrative structure, development of basic
regulations and construction of the radioactive waste processing and storage facility [1].

The Ghana Radioactive Waste Management regulation has been presented to the
Parliament of Ghana for consideration. The initial draft was reviewed by the RPB. A 3-
day national seminar on the Understanding and Implementation of the Regulation on
Radioactive Waste Management in Ghana was held to discuss and educate the general
public on the regulations. About 50 delegates from various ministries and establishment
participated in the seminar. The final outcome of the draft regulation was sent to the
Attorney General's office for the necessary legal review before been presented to
Parliament through the Ministry of Environment, Science and Technology.
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A radiation sources and radioactive waste inventory have been established using the
Regulatory Authority Information System (RAIS) and the Sealed Radiation Sources
Registry System (SRS).

A central waste processing and storage facility was constructed in the mid sixties to
handle waste from a 2MW reactor that was never installed. The facility consists of a
decontamination unit, two concrete vaults (about 5 x 15 m and 4m deep) intended for low
and intermediate level waste storage and 60 wells (about 0.5m diameter x 4.6m) for
storage of spent fuel. This Facility will require significant rehabilitation. Safety and
performance assessment studies have been carried out with the help of three IAEA
experts [2]. The recommendations from the assessment indicate that the vaults are very
old and deteriorated to be considered for any future waste storage. However the
decontamination unit and the wells are still in good condition and were earmarked for
refurbishment and use as waste processing and storage facilities respectively. The
decontamination unit has a surface area of 60m2 and a laboratory of surface area 10m2 .
The decontamination unit will have four technological areas. An area for cementation of
non-compactible solid waste and spent sealed sources. An area for compaction of
compactable solid waste and a controlled area for conditioned wastes in 200L drums.
Provision has been made to condition liquid waste. There will be a section for receipt and
segregation of the waste. The laboratory will be provided with the necessary equipment
for quality control. Research to support technological processes will be carried out in the
laboratory. A quality assurance and control systems shall be developed and established as
it is an important requirement in establishing a national system for radioactive waste
management.

A new interim storage facility with a maximum capacity of 100 200L drums has been
built.

The cost of refurbishment was estimated at US $ 100,000(one hundred thousand U.S.
dollars). The rehabilitation works, which was expected to be completed and made
operational by 2000, will be completed by 2002.
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Table 1: Inventory of Radiation Sources

INSTITUTION

Korle-bu Teaching
Hospital
Komfo Anokye
Teaching Hospital
KASAP Limited

Pioneer Tobacco
Company Limited

National Nuclear
Research Institute

Guiness Ghana Ltd
WRI
Cocoa Res. Inst.

Motherwell Bridge
Ghana Limited

Radiation
Protection Board

Base Workshop

D & C Industry
Ashanti Goldfields
Ghana National
Petroleum Corp.

SOURCE

Co-60
Tc-99
Cs-137

Cs-137
Am-241
Sr-90

Cd-109
Am-Be
Co-60

Cs-137
Am-241
Cs-137
Am-241
Am-241
Am-241
P-32

Ir-192
Ir-192
Co-60
Co-60
Cs-137
Sr-90
Ra-226

Am-241
Cs-137
Am/Be+Cs
Cs-137
Am/Be

ACTIVITY
PER SOURCE
185TBq
4.995 GBq
12.6 GBq

0.3GBq
1.5 GBq
37-740 MBq

111 MBq
74TBq
277.5 TBq
1850 TBq
78.8 GBq
740 GBq
0.3-0.74 GBq
1.48 GBq
0.37 GBq
1.11 GBq
0.37 GBq

2.34 TBq
HTBq
11 TBq
3.7 GBq
3.7 GBq
18.5 MBq
Unknown
(powder)
370 MBq
7407.4 GBq
21.2 GBq
74 GBq
740 GBq

APPLICATION

Radiation Therapy
Nuclear Medicine
Brachytherapy

Density Gauging

Thickness Gauging

X-ray Flour. Analy
Neutron Act. Analy
Food Irradiation &
Medical Sterilization
Research&Teaching
Moisture Gauging
Density Gauging
Density Gauging
Level Gauging
Moisture Gauging
Fertilizer Utilization
Studies
Industrial
Radiography

Calibration of
Radiation
Instruments
Dials in field
Compasses
Level Gauging
Density Gauging
Oil well site verifier
Density Gauging
Oil welling

# OF
SOURCES
1
1/2 wks
5

2
2
28

4
3
1
1
4
3
7
1
1
1
lOml/y

1
1
1
1
1
1

1
2
1
2
2
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RADIOHYGIENIC ASPECTS OF THE SAFETY ANALYSIS OF THE
PUSPOKSZILAGY RADIOACTIVE WASTE DISPOSAL AND TREATMENT

FACILITY, HUNGARY

A. KEREKES, L. JUHASZ
National Research Institute for Radiobiology and Radiohygiene (NRIRR),

Budapest, Hungary

K. BERCI
ETV-EROTERV Ltd.,

Budapest, Hungary

P. ORMAI
Public Agency for Radioactive Waste Management,

Budaors, Hungary

A temporary disposal was established for low level radioactive waste (LLW) at
Solymar close to Budapest in 1960. Approx. 900 m LLW was disposed in concrete ring bells
on the site until 1975. A new disposal (Radwaste Treatment and Disposal Facility, RWTDF)
for low and intermediate radioactive waste (L/ILW) was put into operation at Piispokszilagy,
about 40 km to Budapest in 1976. The site was operated by the Metropolitan Institute of
National Public Health and Medical Officer Service until 1997, when according to the new
Hungarian Act on Atomic Energy the Public Agency for Radioactive Waste Management was
established to perform the tasks connected to radwaste management and decommissioning of
nuclear installations. The Solymar facility was dismantled and the radioactive waste
transported to Puspokszilagy.

The RWTDF is situated on the ridge of a hill in a clay formation with conductivity
from 10"8 to 10"6 cm.s"1; the groundwater depth is 17-20 m from the bottom of the disposal
units. The waste is deposited in near surface disposal units (trenches, cells, and wells) with
engineered barriers.

Up to now about 4900 m^ of solid and solidified waste has been emplaced and 2
trenches of about 3000 m^ has been temporary sealed. More than 80% of the disposed waste
is of low level. Approx. 700 TBq is the total activity of the radwaste including long-lived and
alpha emitting radionuclides with the activity of the order of magnitude of 10 TBq.

As the safety analysis was performed in a simple way in 1970's during the
commissioning of the facility a comprehensive safety analysis was prescribed to get the
license for the operation of the storage units extended at the end of 1980's. ETV-EROTERV
Ltd. has won the tender for the safety analysis and the NRIRR was involved in the biosphere
characterisation of the region and in the dose estimations for different accidental scenarios as
well.

The biosphere characterisation included the following categories: meteorology,
geography, land and water usage, demography, economic activity, food consumption rate and
health/epidemiological status of the population. These data are essential to perform the dose
estimation of the population due to the radioactive releases based on the accidental scenarios.
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The land use shows a typical hillside structure on this area with the following types of
land usage: arable, forest, meadow and scattered gardens and vineyards. In the valleys around
the site there are two streams with catchment areas of 15.6 and 10.6 km2, respectively. There
is also a fishing lake close to the site, originating from the damming up of one of the streams
with dikes. Water from dug or drilled wells is used for irrigation or watering of animals in
one-third part of the households inquired. The density of population around the site is low, i.e.
one-third of the country average, showing a slightly increasing tendency in the last decade.

A questionnaire-based inquiry has been carried out in three villages around the site on
the economic activities and consumption rate. The findings of the survey show a typical rural
area with agriculture activities, such as small/kitchen and fruits garden production, grape and
vine production, animal keeping and farming of land. Only a few people collect naturally
growing plants but the fishing activity shows an increasing tendency. The foodstuff data have
been evaluated for 5 age groups covering about 500 different foodstuffs, which were
aggregated into 9 categories.

The radiation doses to the members of the critical groups of the population due to the
accidental scenario and the main exposure pathways are given in Table 1.

TABLE 1. Radiation doses of the population in the region of the RWTDF, Puspokszildgy
according to the accidental scenario

Scenario

Burning of 1 m3 waste
( lh)

summer
- winter

Main exposure
pathway
ingestion of
foodstuffs
ingestion of
foodstuffs

Critical
radionuclide
90Sr

90Sr

Dose to the critical
group (1000 m), mSv
1.2

0.08

The consequences of the leakage of radioactive materials through the ground water to
the surface waters were investigated and dose conversion factors for the aquatic pathway were
determined. The dose conversion factors ranged from 6xlO"4 to 2x10 mSv/(Bq/L) depending
on the radionuclide, relating to the activity concentration in surface water.
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Medical establishments and research laboratories use many different type of radionuclides for
diagnostic, therapeutic and research purposes. As a final by product large amount of medical
waste are produced. This waste represents both biological and radiation hazards, therefore it
requires special treatments in both point of view. Biomedical waste is usually best managed
on site by decay storage, with minimal transport risk and ALARA (as low as reasonably
achieved) exposure levels.

The nuclear medical waste has characteristics fundamentally different from the nuclear fuel
cycle waste. In medical practice radioactive material is used both in sealed and unsealed form,
but major part of the medical waste is produced by using unsealed isotopes of relatively short
half-life in most cases less than 100 days and of low specific activity. There are gamma-
emitter, positron-emitter and pure beta-emitter among these isotopes. The positron-emitter
isotopes have usually less than 2 hours half-life; therefore they do not contribute too much to
the volume of the radioactive waste since they decay rapidly. Among the y- and pure p~-
emitters there are isotopes with half-life from seconds to several hundred days. Waste
containing isotopes with longer half-life contributes mainly to that large volume of waste
produced regularly at biomedical sites.

On site decay storage requires accurate determination of activity levels. Since quantitative
estimation of isotope activity can be difficult where waste packages contain a mixed
combination of fT^-emitters, segregation at the time of waste production is essential.
Accurate identification and quantitative measurement of y-emitter isotopes is possible with a
large volume, reverse electrode, high purity germanium detector even those cases when the
isotope emits only low energy gamma photons. However, there is problem with the pure p~
emitting isotopes to measure. In biological healthcare and pharmaceutical research a range of
unsealed pure p~-emitting isotopes are applied. The 3H, 3% MP and 33P are widely used for
DNA sequencing studies. Also large amount of 3H and 14C are used in organic compound
synthesis resulting in long-lived low-level radioactive waste. The p~-particles can be detected
by beta counter but it is not applicable in the case of closed waste packages, since the J5~-
particles loss their energy quickly and they are not capable to escape from the sealed waste
package. The emitted pr -particles have continuous energy spectrum and no direct gamma
radiation follow the decay. The only means of detection of these ^"-particles is through the
bremsstrahlung radiation produced while the particle slows down. The cross section of the
bremsstrahlung generation process depends on the initial energy of the slowing down p~-
particles and is proportional to the atomic density » and the average Z2 of the waste matrix.
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The probability of this process is much lower than that of the ionisation process for beta
particles but it is still high enough to produce measurable amounts of photons.

We studied the 35S and 32P pure pr-enutter sources in sealed waste packages. The continuous
nature of the bremsstrahlung radiation prevents us using the "full-energy photo peak area"
method. Instead a Region of Interest (R.O1) was defined. Unlike for the full-energy photo peak
method where the detector efficiency is calculated in the function of energy, for pure |T-
emitters an optimised ROI was denned in the spectrum and a special efficiency, eps*beta(E)
was determined.

eps*beta(E) = s(E)
geom

The used geometry and the nature of the waste matrix requires time consuming efficiency
calibrations of the detector system to be able to establish an efficiency - (matrix density,
geometry, matrix composition, activity distribution) function. We studied experimentally the
possible deviations of the eps*beta(E) fiinction in case of non uniform activity distribution in
order to be able to model the associated error in the measured activity for a certain isotope.
On the basis of experiences we gathered a semi-empirical model was set up to establish the
eps*beta(E) detector efficiency function to measure pure beta activity in sealed waste
packages through bremsstrahlung radiation.

The model is based on the following criteria:
- Only one type of fT-emitter isotope is allowed in one waste package.
- Uniform activity distribution is supposed inside the waste drum.
- Constant waste matrix composition is assumed for each waste drum.
- Each component of the matrix material is supposed to be evenly distributed over the whole

volume of the waste drum.

Some partial results are shown in figure 1, which compares the experimental results measured
for 32P isotope with the calculated ones using a reverse electrode Ge detector system.

2 4 6

measured ep^beta (xiO"5)

FIG. I. Measured and calculated efficiency for high purity Ge detector and
geometry relative to the detector plane and rotating radius of the waste drum.

2 4 6 8

calculated eps*beta (xW4)

isotope in the junction of
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NEAR-FIELD ISSUES - INVESTIGATION OF GAS GENERATION IN SITU

ZS. SZANT6, E. SVINGOR, L. PALCSU, M. MTHALY, 1. FUTO
Inst. of Nuclear Res. of the Hungarian Academy of Sciences (INR-HAS)
Debrecen, Hungary

The Piispoksziiagy Radioactive Waste Treatment and Disposal Facility is a typical near-
surface engineered repository consisting of concrete vaults and wells for the disposal of spent
sources, it has received waste from the Paks Nuclear Power Plant, from various laboratories
and medical institutions, and, in particular, has been the site for the disposal of a number of
spent sources. The safety of the repository has not been the subject of any comprehensive
&assessment, and does not have a permanent license.

In 15th of March an A-type concrete vault was opened and the work was focused on issues
that are critical for safety: characterisation of the behavior of the wastes, the degradation of
the packaging, the chemical environment in the vaults, the chemical behavior of relevant
radionuciides and the processes determining any migration of any radionuclide from the
engineered system.

Generic data can be used on rates of steel corrosion [1] but an in situ measurement of head
space gas composition and a detailed laboratory analysis give more relevant data. In addition
to the radionuclide inventory a general estimate of the type of materials present (metals,
halogenated and non-halogenated plastics and rubbers, cellulosic, building materials, organic,
biological, flammable liquids, materials that may give rise to the generation of gas, etc.) was
made and from these results in respect of radioactive gases, it seemed that the gases to be
addressed should be 14C-labelled methane and carbon dioxide, 3H-Iabelled hydrogen, water
vapor and methane, and 222Rn.

Before removing the protective lids sampling of the headspace gas of the vaults was
performed by a special gas outlet system (Fig. 1) through the concrete cap. One of the cells
(Code: A5) contained unconditioned radioactive waste disposed in polythene bags into the
vault, without any backfilling. The other cell (Code: A6) was backfilled with cement, so there
was a small gas field between the top of the surface of the backfill and the lid of the vault.

The in situ qualitative gas analysis of the headspace gas was carried out using an OMNISTAR
quadrupole mass spectrometer. Gas samples were collected from both cells into 7 1-volume
stainless steel bulbs using a special gas-handling system. Helium, carbon and oxygen isotope
ratios, 14C and tritium contents of gas samples were measured by different techniques: after
separating the different gas components radiocarbon was measured with a proportional
counter, tritium content was measured by liquid scintillation counting method (TRICARB
3170 TR/SL). The helium content and isotope ratios were measured with a VG-5400 noble
gas mass spectrometer and the other stable isotope ratio measurements (513C, 518O) were
carried out with a stable isotope mass spectrometer.

The results are presented in Table 1.

Analysing the qualitative spectra little difference was observed comparative to the
atmospheric air composition: no hydrogen generation or decrease in oxygen content was
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registered. Trace of water vapor was detected in cell A6 and an increase of CO2 was measured
in both cells. The stable isotope measurement data proved that the measured CO2 is generated
by the degradation of organic materials present in the waste.
The tritium and radiocarbon activity measurement data in the two cells correlate with the
tritium and radiocarbon content specified by the radioactive waste inventoiy.
An increased 3He (due to the decay of tritium) was measured in both cells.

Fig. 1. The sampling system ofheadspace gases -usedfor in situ measurements

Table 1. The result of the analysis qfheadspace gases generated in two cells of a D-iype vault
of the Piispdkszil&gy repository

Ccl!

A5

A6

CO2

cone.
(cm3/!)

17,87

1,00

CO2

ratio
cell/air

59,57

3,34

3H
(Bq/I)

8,8
±0,6

0,04
±0,01

14C
(Bq/I)

61,8
±0,6

2,88
±0,07

6J3C
(PDB)

%n

-25,94
±0,04

-26,74
±0,03

518O
(PDB)

%o

-8,19
±0,09

-13,97
±0,08

3He
(cm'/m3)

1,3 mo-1

±0,16*10"1

9.6'Iff4

±0,1*10"*

ratio
cell/air

18072
±300

132
±20

3He/*He

2,528* 10'2

± 1,28%

i,847*i<r*
± 1,02%
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The Piispoksziiagy Radioactive Waste Treatment and Disposal Facility is a typical near-
surface engineered repository consisting of concrete vaults and wells for the disposal of spent
sources. It has received waste from the Paks Nuclear Power Plant, from various laboratories
and medical institutions, and, in particular, has been the site for the disposal of a number of
spent sources. The safety of the repository has not been the subject of any comprehensive
&assessment, and does not have a permanent license.

In 15* of March an A-type concrete vault was opened and the work was focused on issues
that are critical for safety: characterisation of the behavior of the wastes, the degradation of
the packaging, the chemical environment in the vaults, the chemical behavior of relevant
radionuclides and the processes determining any migration of any radionuclide from the
engineered system.

Generic data can be used on rates of steel corrosion [1] but an in situ measurement of head
space gas composition and a detailed laboratory analysis give more relevant data. In addition
to the radionuclide inventory a general estimate of the type of materials present (metals,
halogenated and non-halogenated plastics and rubbers, ceHulosic, building materials, organic,
biological, flammable liquids, materials that may give rise to the generation of gas, etc.) was
made and from these results in respect of radioactive gases, it seemed that the gases to be
addressed should be 14C-labelled methane and carbon dioxide, 3H-labelled hydrogen, water
vapor and methane, and 222Rn.

Before removing the protective lids sampling of the headspace gas of the vaults was
performed by a special gas outlet system (Fig. 1) through the concrete cap. One of the cells
(Code: A5) contained unconditioned radioactive waste disposed in polythene bags into the
vault, without any backfilling. The other cell (Code: AS) was backfilled with cement, so there
was a small gas field between the top of the surface of the backfill and the lid of the vault.

The in situ qualitative gas analysis of the headspace gas was carried out using an OMNISTAR
quadrupole mass spectrometer. Gas samples were collected from both cells into 7 1-volume
stainless steel bulbs using a special gas-handling system. Helium, carbon and oxygen isotope
ratios, 14C and tritium contents of gas samples were measured by different techniques: after
separating the different gas components radiocarbon was measured with a proportional
counter, tritium content was measured by liquid scintillation counting method (TRICARB
3170 TR/SL). The helium content and isotope ratios were measured with a VG-5400 noble
gas mass spectrometer and the other stable isotope ratio measurements (513C, 618O) were
carried out with a stable isotope mass spectrometer.

The results are presented in Table 1.

Analysing the qualitative spectra little difference was observed comparative to the
atmospheric air composition: no hydrogen generation or decrease in oxygen content was
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registered. Trace of water vapor was detected in cell A6 and an increase of CO2 was measured
in both cells. The stable isotope measurement data proved that the measured CO2 is generated
by the degradation of organic materials present in the waste.
The tritium and radiocarbon activity measurement data in the two cells correlate with the
tritium and radiocarbon content specified by the radioactive waste inventory.
An increased 3He (due to the decay of tritium) was measured in both cells.

Fig. 1. The sampling system ofheadspace gases used far in situ measurements

Table I. The result of the analysis cfheadspace gases generated in two cells of a D-iype vault
of the Piispbkszildgy repository

Cell

A5

A6

CO2

cone.
(cafft)

17,87

1,00

CO2

ratio
cell/air

59,57

3,34

(Bq/1)

8,8
±0,6

0,04
±0,01

14C

(Bq/1)

61,8
±0,6

2,88
±0,07

513C
(JPDB)

%*

-25,94
±0,04

-26,74
±0,03

5I8O
(PDJB)

-8,19
±0,09

-13,97
±0,08

3He
(oirVm3)

1,3 mo4

±0,16*10"1

±o,i*io-4

3He
ratio

cell/air

18072
±300

132
±20

3He/*He

2,528*10"2

± 1,28%

i^no-4

± 1,02%
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ORGANIZATION OF THE SERVICES OF COLLECTION, DEPOSIT, TREATMENT, DISPOSAL OF
RADIOACTIVE WASTES ORIGINATED BY MEDICAL AND INDUSTRIAL ACTIVITIES IN ITALY
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> The history of the private companies operating in the field in Italy since 1980
> The technical features of the involved services
> The "Integrated Service of radioactive wastes" established by E.N.E.A. (Italian Govemative

Organization)
> How the system operates: the role of the private companies
> The problems of the field
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NUCLEAR WASTE TREATMENT USING IRANIAN NATURAL ZEOLITES

H. KAZEMIAN
Jaber Ibn Hayan Research Labs. Atomic Energy Organization of Iran(AEOI)
North Amir Abad Ave., Tehran 14374, IRAN

M. GHANNADIMARAGHE
Jaber Ibn Hayan Research Labs. Atomic Energy Organization of Iran (AEOI)
North Amir Abad Ave., Tehran 14374, IRAN

The zeolite researches in Iran is a relatively new subject which has started about 10 years ago (l).The
motivation for this scientific and interesting field was provided after discovery of significant deposits
of natural zeolites in different regions of Iran as well as further developments of research institutions
and the national concern to environmental protection especially the wastewater clean-up in point of
view of recycling of such waste water to compensate some needs to water in other utilizations. This
paper intends to review and describes scientific researches which have done on using zeolites in the
field of nuclear waste treatment in Iran to introduce the potential resources to the world in more
details.

Zeolite tuffs are widely distributed in huge deposits in different regions of Iran(2). So far, the
clinoptilolite tuffs are the most abundant natural zeolite which are exist with zeolite content of 65%-
95%. Nowadays several different types of Iranian natural zeolites are characterized in point of view
of chemical composition, type of structure, chemical , thermal, and radiation resistance using
different instrumental and classical methods such as; X-ray diffraction (XRD),X-ray fluoresce(XRF),
thermal methods of analysis(TA), scanning electron microscopy(SEM), analytical chemistry and
radioanalytical methods as well as different ion-exchange techniques(e.g.3-7). The ability of Iranian
natural clinoptilolite for removal some fission products from nuclear wastewaters have been
investigated. The selectivity of all investigated zeolites toward radiocesium and radiostrontium have
been promising(e.g.8-10). The successful synthesize of P zeolite from Iranian clinoptilolite-reach
tuffs under different conditions were performed(l 1). The compatibility of zeolites with glass and
cement matrices, for final disposal of radwaste, as well as their selectivity toward most dangerous
heat generating radionuclides (e.g. I37Cs and 90Sr) is very important in using them for nuclear waste
treatment. By converting of the loaded zeolite to a borosilicate glass , not only the volume reduction
factor will be enhance but also the leach resistance will be increase. Recently, according to a
research project in the field of nuclear waste treatment, conversion of spent (radionuclide loaded)
natural clinoptilolite and synthetic P zeolites to borosilicate glasses have been successfully
performed and the obtained data were promising. This paper intend to present the obtained data
concerning to vitrification of Iranian natural zeolites as well as synthetic relevant P zeolites after
loading with radionuclides. Different percentage of waste were introduced into these glass matrices
and several standard leach experiments were performed. The results showed a remarkable volume
reduction as well as leach resistance improvement in all cases.

158



References:
1- Kazemian H., "Chemical analysis, characterization, and determination of ion-exchange

properties of an Iranian natural zeolite", M.Sc. Thesis , Chem. Dep., Sci. Fac. Isfahan
University, Isfahan, Iran, (1993).

2- Hejazi, M., and Ghorbani, M., "The geology of Iran(15): Bentonite and Zeolite", Iranian
Geological Survey Publications,(1994).

3- Faghihian, H., and Kazemian, H., "Characterization of a natural zeolite and determination of
it's ion-exchange properties", First International Congress of Chemistry and Chemical
Engineering, Shahid. Beheshti University, Tehran, Iran Sep. 1-3. (1993).

4- Faghihian, H., and Kazemian H., Application of wet chemical analysis, XRD, and thermal
methods of analysis in characterization of natural occurring ion-exchangers", Second Iranian
Crystallography and Mineralogy Seminar, Science and Industry University of Iran, Tehran,
Iran. June 21-24. (1994).

5- Sardashti, A.R., Kazemian, H., and Akramzadeh, M., " Characterization and Investigation of
the ion-exchange properties of a zeolite from Zahedan region of Iran and its application in
industrial and municipal wastewater treatment", National Congress on Environmental
Protection, Tehran, Iran, May (2000).

6- Faghihian, H., and Kazemian, H., " Determination of Chemical Formula and Structure of a
Natural Zeolite from Tabas Region In Iran" Research Bulletin of Isfahan University
(Sciences), Vol.7. No. 1.2. Aut. 65, (1996).

7- Faghihian, H., Kazemian, H., and Nezamzadeh, A. R., " Thermal behavior of two Iranian
natural zeolites", Iranian Journal of Crystallography and Mineralogy, Vol.6, No.l,
Spring(1998).

8- Faghihian, H.; Kazemian, H.; Maragheh, M.G "Iranian clinoptilolite-rich tuffs for
radionuclide removal from water" J. Radioanal. Nucl. Chem., v. 242(2), (1999), p. 491-495.

9- Faghihian, H., Ghannadi Maragheh, M, and Kazemian, H., " The use of clinoptilolite and it's
sodium form for removal of radioactive caesium, and strontium from nuclear wastewater and
Pb*"1", Ni++, Cd"1"*, Ba"1"1" from municipal wastewater", Applied Radiation And Isotopes, (50) 4.
655 (1999).

10- Kazemian H, M. Ghannadi Maragheh, and H. Faghihian "Sorption and desorption behavior of
some Iranian natural clinoptilolites toward radiocesium and radiostrontium",15th International
Symposium "ARS Separatoria 2000", Borowno n. Bydgoszcz, POLAND, June 14-17,(2000).

11-Faghihian, H.; Kazemian, H. " Zeolite -P Synthesized from Clinoptilolite Rich-tuffs as a
Potential Material for Removal of Cs+, Sr++, Ba++ and Ca++ from Liquid Radioactive
Waste", Nuclear Science Journal, vol. 37, No. 3, (2000) pp.180-187.

159



IAEA-CN-87/51P XA0103356

Advanced Volume Reduction Program for LLW at JAERI
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The Japan Atomic Energy Research Institute (JAERI) decided to adopt an advanced volume
reduction program and started the construction of facilities, in which volume reduction
techniques will be applied and achieved high volume reduction ratio and stabilization by
means of melting or super compaction processes. It will be able to produce waste packages
for final disposal and to reduce the amount of the wastes by operating the Advanced Volume
Reduction Facilities(AVRF).
These facilities consist of the Waste Size Reduction and Storage Facilities and the Waste
Volume Reduction Facilities; the former have cutting installations for large size wastes and
the latter have melting units and a super compactor. Figure 1 shows the waste treatment
diagram of advanced volume reduction program for LLW. In advance of operation of these
facilities, melting tests for non-metallic wastes are being carried out.

1. Melting Tests for Non-metallic Wastes
In order to examine melting behavior for non-metallic solid wastes, simulated waste materials
such as concrete debris, heat insulator, simulated ash, glass, etc. were melted with plasma
torch of non-transfer type. The volume of AI2O3 melting crucible was about 8 litter. Migration
and retention of radioisotope tracers, 60Co, 137Cs and 152Eu in molten product were
investigated. It was found from the results of radioactivity measurement and chemical
composition analyses that each of solidified products was almost homogeneous. Almost all of
added 60Co and 152Eu were remained in products. Retention ratio of 137Cs in solidified
products decreased with increase in basicity (CaO wt% / SiC«2 wt%). It is concluded that a
partial breakdown of S i d network structure with increase in CaO content plays an important
role in the retention ratio of 137Cs.

2.AVRF
2.1 Waste Size Reduction and Storage Facilities
The operation of the Waste Size Reduction and Storage Facilities started in June 1999.
The waste size reduction of large size wastes such as tanks is carried out by cutting
installations such as a laser cutter, a plasma cutter and so on according to the shapes and the
materials of the wastes. The size and weight of waste which can be treated in the cutting
installations are 3 3 7m and 7t. Cut pieces, which are expected to be under the clearance
level and be able to recycle in the future, are further decontaminated by a dry-blasting
decontamination method.

2.1 Waste Volume Reduction Facilities
The waste volume reduction will be carried out by a super compactor, a metal melting unit
and a non-metal melting unit, and an annual processing capacity is around 10,000 of 200-liter
drums. (l)Compressible metal wastes are reduced in volume by the super compactor. The
maximum compression is 2000t and the volume reduction ratio is around 1/3. (2)Other metal
wastes are melted by the metal melting unit of an induction furnace. The volume reduction
ratio of waste is around 1/4 to 1/3 and the processing capacity is 4t/d. After melting the metal
wastes they are cast to slag holders, which are used at the non-metal melting unit. (3)the
non-metal melting unit has an incinerator and a plasma melting furnace. Flammable wastes
such as PVC are incinerated to ash by the incinerator. And the ash and non-flammable wastes
such as concrete, glass are melted by the plasma melting furnace. The processing capacity is
4t/d and the temperature inside it is about 1600 degrees Celsius. The volume reduction ratio
of waste is around 1/3 and molten slag is poured into the slag holders. Thus it is possible to
reuse the metal wastes by casting molten metal to slag holders. The off gas is purified
through an off gas cleaning system, which is taken measures for the control of dioxin
concentration, and discharged from a stack.
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The operation the Waste Volume Reduction Facilities will start in FY2002.
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The safety of RADON type RMI disposal facility was investigated by means of the computer
modelling and by measurements of concentrations of radionuclides in the water samples
taken from the control wells.

The repository was built on the top of the sandy hill in 1963. The dimensions of the
monolithic reinforced concrete vault are 5 m x 15 m x 3 m, the thickness of the sidewalls is
about 0.25 m and the thickness of the bottom is about 0.2 m. The sidewalls are covered from
inside and outside with cement and sodium aluminate coatings 0.02 m thick. From outside
they were also covered with two layers of hot bitumen. The bottom of the vault is covered
with bitumen and two layers of rubberoid. During the exploitation time the vault was filled
with radioactive waste (in a chaotic way and sources were buried together with their
biological shielding). In the course of burial radioactive waste was constantly interlaid with
concrete. When the disposal facility was closed in 1988 only three fifths of its volume was
filled; the total activity of 3H, 239Pu and Pu-Be neutron sources was 4.181015Bq, 2.4-1011 Bq,
and 12.5-109 n/s, respectively (according the documentation). 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 layers. Monolithic concrete that was covered with bitumen and 0.05 m thick
layer of asphalt closed the vault. Sand layer the thickness of which was not less than 1.2 m
formed the cap.

Four wells - one on each side - near the repository and four wells in the anticipated direction
of ground water flow were drilled with the purpose to control the radiological situation
around the repository.

The volume activity of 3H in the wells was measured with the liquid scintillator detector Tri-
Carb. The maximum volume activity of 3H in the wells against the year of measurements is
presented in the Fig. 1. The highest volume activity was found in the same nearest well in all
years with the exception of the year 2000.

The activity of other radionuclides was measured with the Canberra scintillator detector and
with the semiconducting Ge(Li) detector. The total P-activity was measured with the low
background radiometer. Natural radionuclides 214Pb, 214Bi and 40K were always present in the
ground water. Very low activity (on the edge of the measurement possibilities) of the
artificial isotope 137C was found at times. Measurements performed after the radiochemical
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analysis of samples with the Canberra a-spectrometer showed that 239>240pu and 90Sr activities
in all samples were almost the same and did not exceed the background values. These
radionuclides were found at the depth of even 8-9 meters. The measurements of the dose rate
on the surface shown that in all points it is of the background level.

Experimental measurements of 3H concentrations were performed also in three cross-
sections: the first coincided with the upper layer of the ground water, the second was 1 m
above the ground water level and the third was 1 m below the ground. With these data the
transfer of 3H by the ground water was estimated employing computer modelling. For this
purpose the MODFLOW, MODPATH and MOC computer codes were used [1]. According
to the MOC estimations only 6-10"4 % of all 3H existing in the repository was released in to
the environment till 1997. Although from viewpoint of the radiation protection the emission
to the ground water is low, but this is as an indictor that the repository is not safe enough.

The safety of the radioactive waste repository was also assessed with the help of the
computer code DUST-MS [2]. The evaluation showed that 3H is the only radionuclide the
concentration of which could cause doses, exceeding the recommended by ICRP to
individuals of the public, in the case of ingestion of water from the well situated near the
repository. The dangerous 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.

23900
2253025000

20000-

Volume 15000
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FIG. 1. The maximum volume activity of3Hin the control wells.
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The Philippine Nuclear Research Institute has established and is currently operating a
centralized facility for low level radioactive wastes. This facility which is briefly described in
the paper has largely been established through a technical assistance project from the
International Atomic Energy Agency and has conducted twice a regional demonstration
course on predisposal methodology of radioactive wastes for the East Asia Pacific region.
The paper will describe the efforts taken by the regulatory body in the formulation of a
national radium policy and the subsequent steps towards its effective implementation,
following its participation in the IAEA Inter Regional Radium Conditioning Project.

The paper will describe in detail the procedures that have been followed by a national team
under the guidance of an IAEA Expert in die actual operations wherein more than 500 mg. of
radium have been conditioned in accordance with Agency recommended procedures. The
radiation protection control program to ensure that exposures of personnel directly involved
in the process is likewise described as the results of workplace monitoring as well as
personnel exposures to radiation in every aspect of the overall process are outlined.

Future plans involving the reconditioning of old radium sources previously conditioned in
cemented 200 liter drums will be presented as well as an update on the current effort to site a
final repository for low to intermediate level radioactive wastes in the country.
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1. INTRODUCTION

In Poland sealed radioactive sources (SRS) are extensively used in medicine and in industry.
There are mainly Co-60, Cs-137, Ir-192 and also historical sources contain in Ra-226.

The Radioactive Waste Management Department (ZDUOP) of the Institute of Atomic Energy
at Swierk is the only organization licensed for the management, storage and disposal of radioactive
waste in Poland. ZDUOP deals with all radioactive waste arised in the country. Storage and disposal
of SRS is one of the most important part of its activity.

Every year ZDUOP collects about 1000 spent SRS which total activity is near 600 GBq.

Spent Ra-226 sources are a special case and therefore are required suitable procedures. Due to
their production according to earlier standards and their undesirable characteristics, leakage of these
sources is highly possible and practically observed. For this reason conditioning of radium sources
needs strict requirements and quality assurance procedure to guarantee their safe storage for an
extended period of time (e.g. 40 - 70 years).

The National Radioactive Waste Repository is superficial type repository and considered as
temporary storage site for long- lived waste. A storage facility for spent SRS has been properly
prepared and licensed by the regulatory body. This facility consist of several concrete chambers which
floor is lined stainless steel.

The existing regulatory framework for sealed radioactive sources entered into force with issue
of the Atomic Law in 1986 [1].

2. INVENTORY

If a source is no longer needed or it becomes unfit for the intended application (e.g. sources
are damaged, leaking or activity becomes too low ) it is considered as a spent.

In general sealed radium sources have small volumes and relatively small activity.

For application in medicine, radium was usually encapsulated in platinum, platinum-iridium
alloy needles or tubes.

Typical dimensions of needles are 1,7 mm diameter and 15-20 mm length and of tubes 3 mm
diameter and 20 - 25 length.
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[2]:
The complete inventory of radium sources was carried out taking into account following data

last users of source
source type
physical and chemical form
activity

- result and date of the last leak test
measured dose rate at a 1 m. distance.

Table I indicate number and values of activity spent radium sources arising from medical application,
since 1994.

Table I. Spent radium sources arising from medical application, 1994-2001

Number of
delivery

OO/0080/94/2
OO/0165/94/1
OO/0191/94/1
OO/0234/94/2
OO/0239/94/1
OO/0239/94/2
OO/0045/95/1
OO/0092/95/6
OO/0172/95/34
OP/0019/96/1
OP/0015/97/1
OO/0112/97/3
OP/0020/97/1
OP/0021/97/1
OP/0014/98/1
OP/0021/98/1
OP/0023/98/1
OP/0003/99/1
OP/0004/99/1
OP/0008/99/1
OP/0005/00/1
OP/0011/00/1
OP/0001/01/1

Total

Number of
container

1
3
2
1
2
1
1
1
1
3
2
1
2
1
1
1
2
3

*:
c

1

41

Number of
sources

1
96
33
23

173
28
47

3
1

20
31

1
125

4
25
45
75
31
82
33

133
28

1 039

Activity
[MBq]

0,07
16,91

279,85
7 622,00

40,20
3,00

13 100,00
11,10
33,30

31 656,09
706,48

3,70
29 148,45

150,50
13 317,41
5 586,08

16 167,48
15 908,78
20 234,56
19 793,05

31,64
1 359,38

366,30

175 536,33

3. CONDITIONING AND PACKAGING

Spent Ra-226 sources are conditioned in special packages. First the sources are placed in a
glass tube, next are put into the brass container. Subsequently the brass container is located in welded
stainless steel capsules which are testing in a special conditions. The vacuum bubble test is using
(vacuum 10"4 Tr). A leakage the welded stainless steel capsule should be indicated by the appearance
of bubbles in the glycerin [3].
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The container with Ra-226 is enclosed in lead shielding. This package is immobilized in
concrete. Storage container for Ra-226 is shown in Figure 1.

Diatomite

Stainless steel
container

Figure 1. Storage container for spent radium sources

Storage container with conditioned Ra-226 sources are then transferred to Rozan repository
for interim storage.

4. STORAGE OF CONDITIONES SOURCES

The National Repository of Radioactive Waste (KSOP) is situated at Rozan, 90 km from
Warsaw. It is a near surface repository.

Alpha sources are not sent to Rozan for disposal but long term interim storage.
Repository consists of a number of concrete bankers with roof and wall thickness of 1,2 to 1,5 meters
and floor thickness of about 30 cm..

Spent Ra-226 sources are placed in chamber 6 of the facility No 1.
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Radioactive liquid waste processing is an integral part of any facility involved in nuclear power
generation, radioisotope production, research and development, decontamination or other aspects of
nuclear energy. The aqueous liquid radwastes from the decontamination center are currently treated
by the membrane plant.

Generally, the liquid waste streams are effectively volume-reduced by a combination of continuous
crossflow microfiltration (MF), spiral wound reverse osmosis (SWRO) and tubular reverse osmosis
membrane technologies, Backwash chemical cleaning wastes from the membrane plant are further
volume-reduced by evaporation. The concentrate from the membrane plant is ultimately
immobilized with bitumen.[l]

We performed experiments using two simulated waste solution; secondary waste from the
decontamination process with POD (Permanganate Oxidation Decontamination) solution and
secondary waste from decontamination with CAN-DECON solution.

The experimental tests have been done with cellulose acetate (CA) membrane and polysulfonate
(PSF) membrane manufactured at Research Center for Macromolecular Materials and Membranes
Bucharest and with Millipore membrane type VS 0.025

A schematic of the laboratory-scale test facility is presented in figure 1.

1 .2

1,4 ,6 -tap
2 -microfiltration system
3 -permeate tank
5 -accumulator

7 -manometer
8 -nitrogen tank
9 -reject tank

FIG. I: Schematic of laboratory-scale unit

liquid waste

CO-PRECIPITATION

ULTRAFILTRATION

If
REVERSE OSMOSIS

permeate

FIG. 2: The flow-sheet of ultrafiltration
experiments

A flow-sheet of ultrafiltration experiments with
co-precipitation at pretreatment is shown in figure 2. The
main reason for taking a chemical treatment approach
was to remove soluble contaminants selectively from
waste. Reverse osmosis is a non-selective unit operation
and, like distillation, removes all species whether they
are hazardous or not. To avoid removing species that
have no impact on the discharge quality of the effluent,
which would increase the quantity of secondary wastes,
selective removal is desirable. Chemical treatment is
necessary to convert soluble radionuclides, trace organics
and heavy metals to insoluble, filterable species. [2]

We adopted a variety of techniques to create size-
enlarged species.
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liquid waste

Figure 3 shows a flow sheet of another experiments performed of our collective: reverse osmosis
tests including pretreatment steps with addition of powdered zeolite and active charcoal.

Alteration of the chemical nature of the solution, allowing
sufficient time for the radionuclides or other hazardous species to
be sequestered selectively and for precipitates to grow or
agglomerate, will permit the effective removal of contaminants
from solution. For example, the addition of powdered zeolite, a
naturally occurring mineral with known affinity for Cs, permits
effective removal from solution by passing the mixture through a
microfiltration membrane.

ADSORPTION

MICROFILTRATION

C active

= > ADSORPTION

MICROFILTRATION

REVERSE
OSMOSIS

—IT™

The process involves contacting the waste water with water -
soluble macromolecular compounds added to the waste solution to
form complexes with the soluble heavy metal ions. A high
molecular weight polymer, generally a commercially available
polyelectrolyte, is added to the waste solution to form the selective
complexes. The polyelectrolyte quantities needed to achieve the
separation of metal ions are generally in the parts-per-million.

permeat

FIG.3: The flow sheet of reverse osmosis tests with pretreatment steps

The solution is then processed an ultrafiltration membrane system which retains the
macromolecular complexes (retentate), while allowing uncomplexed ions such as Na+1 K+, Ca2+, Cl~,
NO3", etc. to pass through the membrane with the filtered water (permeate). The filtered water can
be recycled, or discharged depending upon the removal efficiency desired. A removal efficiency
approaching 100% can be achieved for metal, which have been complexed.

The choice of polysulfonate material for membrane was based on the high flow rates achievable
with this material, compared to the cellulose acetate, in spite of the increased fouling of the
polysulphonate membranes observed in the first test phase. Other reasons for this choice were the
operating range established from the first series of tests, which indicated that alkaline condition
were better, and to overcome the distinct possibility of poor lifetimes expected of cellulose acetate
at elevated pH levels.

The quality of the filtrate water has been good; the average turbidity has been less than 2 NTU. At
low pH values of 5 to 6, removal of the predominant elements Co and Cs is observed. These
elements are associated with colloids or are sorbed on the solid particles filtered out of the
suspension. Since concern is for the delivery of a feed stream that minimized fouling of the reverse
osmosis system, pH adjustment of the incoming feed has made to reduce the iron and silicon
content. Iron and silicon are well-known foulants of reverse osmosis systems. The adjustment of the
solution pH values to the 10-10.5 range improved the quality of the filtrate and as permitted
extended operation of the reverse osmosis system

The reduction of iron has observed at elevated pH values, along with additional reduction of Co
.The removal of Cs did not increase, an expected result, since it is a highly soluble species and
remained unaffected by the pH adjustment of the solution. Cobalt removal was improved with the
likely formation of cobalt hydroxide.
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Nuclear Research Reactor WWR-S from the National Institute of Research and
Development for Physics and Nuclear Engineering "Horia Hulubei", Bucharest-Magurele, was
commissioned in July 1957 and it was shut down in December 1997. At the moment the
reactor is in conservation state. During its operation this reactor worked at an average
power of 2MW, almost 3216 h/year, producing a total thermal power of 230 x 103 MW«h.

No major modifications or improvements were made during the 40 years of operation
to the essential parts of the reactor, respective to the primary cooling system, reactor vessel,
active core and electronic devices. So, all components of the measure, control and protection
systems are old, generally at the technical level of the years fifty's, reason why in december
1997 the operation was ceased.

In present , the reactor can be considered , by IAEA definition in the first stage
( reactor shut down, but the vital functions are mantained and monitorized). The survey is
related to the second stage - restrictive use of the area.

To develop a real decommissioning project, first was necessary to evaluate the volume
and the characteristics of the radioactive waste which will be generated.

Radioactive waste generated during the decommissioning of Magurele WR-S
research reactor may be classified as :
• Activated wastes (internal structures, horizontal channels and thermal column, biological

shield);
• Contaminated wastes ( primary circuit non-activated components, hot cells, some

technological rooms as main hall, pumps room, radioactive material transfer areas,
ventilation building and stack);

• Possibly contaminated materials from any area of reactor building and ventilation building.
After 40 years of nuclear research activities, all such areas are suspected of
contamination.

Roughly speaking, the volume of the wastes which will results from WWR-S Research
Reactor decommissioning , can be summarized as follows :

No

1.
2.
3.

4.
5.
6.
7.
8.
9.
10.

Material

Stainless steel
Carbon steel
PVC

Iron
Concrete
Paraffin
Electrical cables
Graphite
Wood
Secondary wastes including liquids,
plastics and rubber, abrasives,etc.)

Total
weight (kg)
50.000
37.800
3.000

3.600
80.000
17.000
7.000
2.500
2.000
2.000 nr*

Location

Pump room, hot cells
Reactor hall, pump room, hot cells
Reactor hall, pump room, hot cell
canyon, access bridge, operator
rooms and laboratories.
Water protection pools
Reactor building
Reactor hall

Reactor hall

Primary circuit, Radioactive Waste
Treatment Plant
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According to operational records, there will be no wastes that include toxic elements
like asbestos or beryllium. In addition, alpha contamination seems to be unlikely because no
fuel damage has occurred. It can therefore be expected that the nuclide composition will be
one typical for research reactors and will contain primarily beta and gamma emitting nuclides
generated by activation.

According to investigations of the nuclide inventory in the primary coolant circuit, the
contamination inventory shortly after shutdown will be dominated by the ^Vln and ^Zn (each
40% of activity), followed by ^Co (>10%) and 137Cs (2%). This composition will however
change within a few years to be dominated by ^Co and 137Cs . In conclusion, the nuclide
composition will be dominated by gamma emitting nuclides, which means that from a
radiological point of view, external irradiation will be the main exposure pathway.

The management of the non fuel cycle radioactive wastes from all over Romania is
centralized at IFIN-HH in the Radioactive Waste Treatment Plant (RWTP). Final disposal is
carried out at the National Repository of Radioactive Wastes (NRRW) at Baita Bihor. These
two facilities have the necessary capacity to take over the responsabilities which devolves by
the reactor decommissioning. Is intended that before beginning the decommissioning project,
to develop a upgrading of these facilities. Of course, the Radioactive Waste Treatment Plant
and the National Repository will assure the conditioning and disposal of low and intermediate
level radioactive wastes. Concerning the nuclear spent fuel, is not defined yet the strategy : it
will be returned to Russian Federation (the WWR-S Research Reactor is a russian type ) or
will remain in storage at The National Institute of R&D for Physics and Nuclear Engineering
"Horia Hulubei" for a few teens years.
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Abstract

The paper is the last from a series describing the drum assay system built by Horia Hulubei
National Institute of Physics and Nuclear Engineering (IFIN-HH). In the introductory part of
the paper the main characteristics of the installation are presented.
The present study is focused on the efficiency calibration of the gamma drum assay system,
used at the Radioactive Waste Treatment Department (STDR) which is specialized on
removal, conditioning, storage and management of low and medium activity waste across the
territory of Romania.
A standard 220 1 rotating drum container filled with Portland cement and a linear source of
152Eu of MBq ± 4.55 MBq were used for efficiency determination.
The calibration technique was based on the assumption of a uniform radial distribution of
source activity in the drum and also a uniform sample matrix. The total measurement error
was estimated.
Five measurements were performed and an average value for efficiency was calculated for all
energies taken into consideration. These values were used to determine the calibration curve
and the efficiency calibration coefficients. The obtained results are presented.
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ABSTRACT

The transport of radioactive wastes generated by nuclear facilities from non-power
applications (research institutes, hospitals, nuclear fuel work) in Romania is one of the
important subprograms of Romanian Waste Management and the overall aim is to promote
the safe transport of the radioactive materials in Romania. According to the International
Atomic Energy Agency Regulations on "Safe Transport of Radioactive Materials" the
package is the main instrument to ensure safety during handling, transport and storage of
radioactive materials. After emphasizing the importance of the packaging tests in ensuring
that the requisite safety features built into the design of packages comply with the Romanian
Nuclear Regulatory Body - National Commission for Nuclear Activities Control (CNCAN)
requirements and with IAEA's Regulations, the paper presents the type and production testing
for type A packages (containers) which have been developed within Institute for Nuclear
Research (INR) Pitesti taking into consideration that packages (drums) when tested to this
requirements, should prevent:

• loss of dispersal of the radioactive contents, and
• loss of shielding integrity which results in more than a 20 % increase in radiation level

at any external surface of the package

The criteria used for successful testing of type A packages are: "would prevent loss or
dispersal". The wastes to be packaged are generated by INR TRIGA research reactor, by the
post-irradiation laboratory and radiochemistry activities such as: metallic pieces, protection
equipment, used ion exchanger, organic liquid radioactive wastes, used filters, etc. The paper
describes and contains:

• a review of the qualification tests that have been laid down to simulate different
conditions encountered during transport, normal conditions as well as the accident.
These tests have been performed in order to simulate specific or accident scenarios
and to produce the same kind of amount of damage that account for the different
accident environment during transportation;

• Quality assurance and quality controls measures taken in order to meet technical
specifications provided by the design are also presented and commented.
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The effect of these tests varies considerably with the size of the packages and, in general, it
may be said that the free drop test has little or no effect on small packages, or even on larger
packages, provided that the containment feature is adequately designed. The penetration test is
effective only on small packages. Time and expense in testing can, of course, be saved if a
standard series of packaging is developed

A review of the safety-risk analysis as well as the evaluations of the radiological
consequences associated with the transportation of radioactive wastes in Romania, by road
and by rail are also presented.

The paper concludes that the justification for containment, based on the use of freight
container and the pessimistic assessment of potential inhalation doses to those persons
involved in the packaging and transport of radwastes, proves that the containers are suitable
for classification as an Industrial Type 3 (IP-3).

Background:

This paper presents a layout of the results of the International Atomic Energy Agency's
Scientific Research Contract entitled "Approach of Safety-Risk Assessment associated with
transport of low activity radioactive waste to the disposal center, in Romania " where the
author served as Chief Scientific Investigator.
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FLIT

Moscow state enterprise - MosNPO "Radon"

MosNPO "Radon", being founded in 1961, is an enterprise intended for the collecting,
transportation, treatment, conditioning and disposal of radioactive waste formed outside of the
nuclear fuel cycle, in the central part of Russia [1]. Besides the main activity, MosNPO
"Radon" carries out a lot of research and design efforts in the field of management with solid
radioactive waste (SRW) and liquid radioactive waste (LRW).

The common scheme of management with LRW at MosNPO "Radon" is shown in
Fig.l. Up to 10 % LRW, being formed at Zagorsk branch of MosNPO "Radon", are directed
to the cementation without any concentrating. These are mainly radioactive waters with salt
content more than 20 g/1. The rest LRW are concentrated in stationary and mobile
installations. Concentrates (regenerates of ion-exchange filters, brine and spent sorbents) are
also directed to the cementation. The cleaned waters (according to MosNPO "Radon"
radiation safety norms) are dropped out into the sewage. The cement compound, obtained on
the base of LRW, is used for filling cavities in SRW tanks and metal barrels, which are used
as packing of radioactive waste.

The waters of surface flow are not LRW, as the common contents of radionuclides in
these waters more often are less than 1 Bk/1. The technologies for the management with these
waters at MosNPO "Radon" are described in the paper [2].

The experience of MosNPO "Radon" on LRW cleaning-up at other organizations is
described in the paper [3]. For the realization of such works MosNPO "Radon" has a mobile
installation "ECO-2" and modular water-cleaning complexes "Aqua-Express" (it is located at
Zagorsk branch of MosNPO "Radon") and "ECO-3M" (it is located at GMP "Zvezdochka", in
Severodvinsk, for cleaning radioactive waters formed during repairs of atomic submarines).
Productivity of any installations by the cleaned water is from 0,2 m3/h up to 1 m3/h, depending
on the LRW composition. The concentration degree of LRW is not less than 10, but more
often is from 30 up to 100.

Development of perspective technologies and elaboration of new installations for
cleaning LRW is one of the priority directions of MosNPO "Radon" activity. The gained
practical and theoretical experience of using sorption (selective inorganic sorbents and ion-
exchange resins, electrosorption) and membrane (reverse osmosis, electrodialysis,
ultrafiltration) technologies, a well as technologies with the use of mobile modular
installations is transferred to other organizations by a number of projects and contracts. The
significant part of this activity is also connected with evaporator bottoms from NPPs [4],
which should already be concerned as the nuclear fuel cycle wastes.
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FIG.l. Flow sheet of management with liquid radioactive waste at MosNPO "Radon" (LLRW- liquid low-level radioactive waste, MSO- Moscow station of LRW
cleaning-up, IE - ion-exchange filters, italics - perspective projects).
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MANAGEMENT OF SPENT AND DISUSED SEALED RADIATION SOURCES
IN RUSSIAN FEDERATION

LA. Sobolev, M.I. Ojovan, O.K. Karlina, A.E. Arustamov
Moscow SIA "Radon", Moscow, Russia

The system of management of spent and disused sealed radiation sources (SDSRS) in
Russian Federation is based on centralised approach. This system involves 16 regional
facilities of the system "Radon" which provide safe management of SDSRS. The scientific
and methodical guidance on activities of regional facilities "Radon" carries out the Scientific
and Industrial Association "Radon", Moscow.

Recently the Moscow SIA "Radon" examined activities at regional facilities "Radon"
accordingly with the program approved by the State Supervision Authority of Russia (GAN).
It was revealed that the main type of radioactive waste at these facilities comprises SDSRS.
This is the case both on summarised quantity of accumulated radioactivity (more than 99%)
and on general quantity of the containers with waste (more than 80%). The average
radionuclide composition of the SDSRS accumulated at regional facilities "Radon" is as
follows: Cs-137 (40%), Co-60 (25%), Sr-90 (22%), Ir-192 (8%) and Tm-170 (4%). The
content of other radionuclides in SDSRS is not more than 1%.

At regional facilities "Radon" SDSRS mainly are disposed of in bore hole type
repositories. Nevertheless SDSRS are also stored in containers being placed into repositories
for solid radioactive waste. SDSRS which contain long lived radionuclides are stored until the
decision on their final disposal into a deep geological formation.

So far as free (not conditioned) storage of SDSRS can not provide safe conditions for
environment for a long time, it is necessary to immobilise sources additionally into a suitable
matrix material [1, 2]. Supplemental sources inclusion in a lead (or lead based alloy) matrix
using Moscow SIA "Radon" mobile plant was carried out at five regional "Radon" facilities
as follows: Zagorsk branch of Moscow SIA "Radon", Volgograd, Ekaterinburg, Nizhny
Novgorod, and Ufa. More than 1 million Ci of SDSRS are stored at present time in
conditioned form in bore hole repositories.

In 1998-1999 the Moscow SIA "Radon", State Scientific Centre VNTINM and Institute
of Biophysics of Russian Academy of Science completed a detailed analysis of spent and
disused sealed radioactive sources safe storage in bore hole repositories. The analysis has
showed that reliable radionuclide isolation from environment during the whole storage time of
500 -1000 years is provided through source's immobilisation in a metal matrix material (lead
matrix). Even in the hypothetical case of total flooding with simultaneous damaging of all
engineering barriers, radionuclides release will cause a summary dose load not exceeding (5.5
-7.5)xlO'5Sv[2].

Due to very low corrosion rate of lead and low solubility of lead salts there is practically
no impact to environment due to application of lead material. This impact was assessed to be
very low earlier [3] and confirmed recently by detailed calculations for near surface
repositories containing large amounts of lead waste [4].

The problem of long safe storage of SDSRS containing long-lived radionuclides (for
example, Pu-239, Ra-226) is also considered. Such sources may be safely stored for a long
time at regional facilities "Radon" with supplemental immobilisation in a metal matrix
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material. Subsequently SDSRS containing long-lived radionuclides will be disposed of in
deep geological formations.

Module type mobile plants for source immobilisation can be applied both for standard
bore hole repositories and for source immobilising in containers. A new mobile plant to be
used at regional facilities "Radon" in Russia is currently under construction at Moscow SLA
"Radon".

The analysis of the work on SDSRS management shows that the operating system is
able to solve basic problems, providing safe conditions for the environment.
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of Energy's Offsite Source Recovery Project

Author: Joel Grimm, Project Manager
U.S. Department of Energy
Albuquerque Operations Office
Albuquerque, New Mexico, 87185, U.S.A.

Since 1979, The United States government has recovered limited numbers of
excess and unwanted radioactive sealed sources, primarily government-owned
plutonium-239 neutron sources. Additional commercially owned sources were taken only
as requested by regulators on an "emergency" basis, and only if they exceeded regulatory
criteria for class C low-level radioactive waste. The technical approach included
chemically separating actinides from other source components, and storing the nuclear
material and processing wastes left behind. These techniques limited source recovery
capability to less than 100 sources per year.

The U.S. government is now recovering a larger array of unwanted radioactive
sealed sources with the Offsite Source Recovery Project. Highest priority is being given
to unwanted sources containing plutonium and americium. The government has
discontinued chemical recovery activities to concentrate economic resources on
accelerating the rate with which sources are recovered. The new management technique
includes disposing of any defense-related sources as quickly as possible at the new Waste
Isolation Pilot Plant, and storing remaining sources as transuranic waste. Current
estimates indicate that nearly 30,000 sealed sources exceeding regulatory criteria for class
C low-level radioactive waste exist within the commercial sector. Over 6,000 sources are
known to be excess and unwanted. Using the new management process, a large share of
the unwanted and excess backlog of sealed sources will be reclaimed by the end of 2006.
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THE TREATMENT OF RADIOACTIVE WASTE IN INSTITUTE OF NUCLEAR
PHYSICS OF UZBEKISTAN

Radyuk R.I.
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan

The main purpose of radioactive waste treatment is security of humanity and
environment for future.

The formation of radioactive waste in Institute of Nuclear Physics connects with
scientific and research works on reactor and cyclotron. There are works in the field of
radiochemistry, activation analysis, research of material. It is connected with some different
materials used in practical work: mountain rock, food-stuffs, biological materials and other.
The Institute of Nuclear Physics has enterprise , making radioactive isotopes. In consequence
of this work radioactive wastes form. Average annual volume of liquid radioactive waste is
2000 m3 in year.

During normal work of nuclear reactor and enterprise of radioactive isotope small part
of radionuclides with gaseous waste gets in environment. The content of inert gas does not
exceed 2% of permissible level . Value of radionuclides fall out in area from 0.5 Km to 10
Km does not differ global fall out and changes from 1.1.106 Bq/km2 to 1.6.107 Bq/km2.
month (permissible doze - 5.6.108 Bq/km2.month).

The solid radioactive waste of medium and low activity are burying on Republic point
of radioactive waste storage. Annual volume of solid radioactive waste is 60 m3 in year and
total radioactivity is 1011 Bk. The solid radioactive waste of high activity are going to
<Mayak> of Chelyabinsk.

The liquid radioactive waste belong to second and third group of radioactive waste
(classification of IAEA). The decontamination of liquid radioactive waste are made on the
station of liquid radioactive waste treatment by method of sedimentation and distillation. The
productivity of this plant is 15m3 in day. Before treatment liquid radioactive waste is analyzed
to determine chemical and radiochemical composition. It is solution with content of salt from
0.8 g/1 to 15 g/1, salt Ca2+ and Mg2+ - 20 mg-eqv/1, oxygen -100 mg O2/I, activity from 102

Bq/1 to 104Bq/l. The radionuclides composition of liquid radioactive waste is complicated.
There are J-125,131, Se-75, Te-123m, Co-57,60, Cs-134,137, Sr-90, Mo-99, Tc-99m, Au-
198, Cd-109, Zn-65, Cr-51, P-32,33, S-35 and another.

The service of analytical control cares out control of technological process. Clear
solutions are used secondly for washing of box and for preparation of technological
solutions.

The concentrated liquid radioactive wastes with activity from 106 Bq/1 to 107 Bq/1 are
storage in capacity on territory of Institute of Nuclear Physics. We began investigation for
localization of concentrate liquid radioactive wastes in cement blocks with using natural
mineral for storage on special point of our Republic.
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THE RADIATION MONITORING OF ENVIRONMENT AROUND
PLACE OF TREATMENT AND STORAGE OF RADIOACTIVE WASTES

Vdovina E.D.
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan

Large success was attained in the field of radiation protection of research nuclear cen-
ter, but it is necessary to carry out works in this way around place of treatment and storage of
radioactive wastes too. Moreover, for protection of environment it is necessary to control ra-
diation condition of system «radioactive wastes of nuclear center - environment)).

There is large amount of natural and man-made radionuclides in environment and it is
important to solve problem to control individual radionuclides, polluting natural environ-
ment. Also, it is necessary to control concentrations of specific radionuclides, which are
marks of definite radioactive source.

The radionuclides 137Cs, 90Sr, 60Co, 141Ce, 144Ce,95Zr,95Nb, 131I and natural radionu-
clides of uranium, thorium and their products of decay are basic radionuclides. The 57Co,
35S, 32P are considered also basic radionuclides taking into consideration specialization of
our Institute.

The basic problems of control of environment are following:

-observation of radioactive pollution level of environment obj ects;
-estimation of radioactive pollution level with the purpose of warning of possible negative
consequences;

-investigation of dynamics of radioactivity and prognosis of radioactive pollution of
environment objects;
-influence on sources of radioactive pollution.

There is large volume information, characterizing radiation condition of environment
around research nuclear center and around place of treatment and storage of radioactive
wastes. The bank of environment object analysis result date was build for investigation of in-
formation.

The system of protection around location of treatment and storage of radioactive
wastes and around nuclear center consists of control of radioactive wastes, superficial and
underground water, soil, plants, atmospheric precipitation. There are analysis of total [3-
activity, a -activity and y-spectrometry. This control includes estimation of throw down val-
ues , analyses of radionuclides concentration in samples, building of throw down, estimation
practical requirements for decreasing spread of radioactive elements in environment, account-
ing radiation dose for people.

Thus, the control system for radiation condition, built and used at the Institute, meets
the normative for estimation of radiation condition of environment.
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EXPERIENCE GAINED AND CONCLUSIONS DROWN FROM UNDERWATER
INSPECTION OF SPENT FUEL IN THE TEMPORARY STORAGE POOL AT THE
RA RESEARCH REACTOR

M. V. MATAUSEK
VINCA Institute of Nuclear Sciences,
Belgrade, Yugoslavia

Z. VUKADIN
VINCA Institute of Nuclear Sciences,
Belgrade, Yugoslavia

Several years ago a project was formulated at the VINCA Institute with the ultimate goal to perform
underwater drilling and venting of aluminum barrels and to inspect the state of the repacked research
reactor spent fuel by analyzing water and gas samples taken from these containers. Based on the results
of this inspection, a procedure should be proposed for providing more reliable storage conditions.

The results of the underwater inspection of aluminum spent fuel containers can be summarized as follows:
- Since considerable gas leakage took place during rearrangement and transport of aluminum

barrels, in the form of smaller bubbles (noticed occasionally even before the inspection started),
larger bubbles or intensive stream of bubbles, and since no gas overpressure was found in any of
the drilled barrels, it can be concluded that these containers lost their leak tightness due to
corrosion, caused by a long storage period in extremely inadequate conditions. The positive aspect
of this fact is that the concern that the barrels could explode as a result of increased internal
pressure is definitely removed. However, the negative and much more important aspect is that the
dirty and unattended pool water entered the containers instead of original demineralized and
deionized water. Chemical characteristics of the water samples taken from the barrels are similar to
these of the water from the pool (conductivity around 300 uS/cm2).

- Due to the corrosion caused by long storage in chemically aggressive conditions, the integrity of
aluminum cladding of most spent fuel elements in the aluminum containers is lost, the long lived fission
products are leaking into the water in the containers, Table 1, and also gradually to the pool water.

- In order to minimize further corrosion of the leaking spent fuel and dechermetized spent fuel
containers, the water in the containers and the pool water should be immediately physically and
chemically purified so that its quality reaches the standard quality required for similar facilities
(conductivity between 1 and 3 uS/cm2).

- The only long term solution for the leaking spent fuel is transfer to the dry storage conditions.
Thus, while improving conditions in the existing spent fuel storage pool, it is necessary to start
conceptual design of the long term dry spent fuel storage, as well as of transfer of spent fuel from
wet to dry storage conditions.

Prompt actions to improve conditions in the existing temporary RA reactor spent fuel storage pool are:
- Washing up corrosion deposits from all surfaces in contact with the pool water using technology

and equipment already provided by RDIPE from Moscow.
- Design and production of special equipment for underwater cutting of corroded iron steal

construction in the basin 4 of the storage pool.
- Removal of the contaminated iron steal construction, its conditioning and storage at the temporary

low and medium level radioactive waste storage at VINCA site.
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- - Final removal of sludge from the spent fuel storage pool. Physical purification of pool water by
mechanical filtering.

- Chemical purification of pool water using the ion exchange resins.
- Drainage of water from the spent fuel containers and eventual exchange with the demineralized

and deionized water.
- Establishment of regular monitoring and maintenance of water quality in the spent fuel storage pool.

Table 1. Activity of water samples obtained by underwater drilling of spent fuel aluminum containers

bbl

bb2

bb3

2

3

4
4a
5
7
12
16
18

20

21

23

Average
burnup

(MWd/T)
4040

4657

4651

4677

4398

4387
5229
4504
5653
4523
5952
6103

5286

6911

6859

Maximum
burnup

(MWdTT)
5805

6697

6831

6831

6156

6450
7185
6548
7257
5936
8272
11072

9292

9545

9759

Water samples taken from

Top
No samples taken - nonstandard

barrel dimensions
No samples taken - drained

barrel
Middle

Top
Bottom
Middle
Middle
Middle
Middle
Middle
Middle
Middle

Top
Middle
Bottom

Top
Middle

Top

Activity a7Cs (Bq/mL)

0.7

-

-

91
54
5

174
24
53
10

254
710 000

1 100 000
1300 000
1 100 000
1300 000
240 000
340 000

300
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DEVELOPMENT AND PROBLEMS OF RADIOACTIVE WASTE
MANAGEMENT INFRASTRUCTURE IN ESTONIA

H. PUTNIK
ALARA Ltd.
Tallinn, Estonia
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University of Tartu, Institute of Physics
Tartu, Estonia

Estonia is one of a few countries where the establishment of radiation protection and radioac-
tive waste management infrastructure started only recently, soon after regaining independence
in the beginning of 1990's. Both legislative and regulatory infrastructure had to be built from
scratch, in parallel with the beginning of urgent activities and practices to manage waste
streams inherited from the past. Despite significant deficiency of local expertise and special-
ists in the field, the main objectives of the establishment were set up: to enforce national leg-
islation basing on contemporary international principles, criteria, requirements and to imple-
ment structures and procedures for an efficient regulation of radiation safety issues, including
practices involving radioactive waste management and decommissioning.

The basic legal instrument of the national radiation protection infrastructure, the Radiation
Act, was passed by the parliament in 1997 [1]. Principles, concepts, terms and limits laid
down in the International and EU BSS formed the basis of the Act. Ch. 5 of the Act estab-
lished definitions, generic requirements and general framework for radioactive waste man-
agement and authorized the Minister of Environment to issue a regulation on the establish-
ment of corresponding procedures, which was issued in 1998 [2]. By 2001 the responsible
ministries and the government have accepted 13 regulations under the Act and a few more are
currently in the stage of drafting /upgrading. The Act also specified a regulatory authority,
Estonian Radiation Protection Centre (ERPC, founded in 1996), and authorized its
responsibilities in the field of radiation safety, including radioactive waste safety.

Another important component of the legal infrastructure, the Environmental Impact Assess-
ment (EIA) and Environmental Auditing Act, was recently enforced [3]. This Act set up im-
portant requirements for the EIA procedure concerning decommissioning and radioactive
waste facilities and established the role of the public in decision-making process.

With an important long-term international support both decommissioning and radioactive
waste management activities at Paldiski, Tammiku and Sillamae facilities are in progress [4].
The responsible site operators, ALARA Ltd. and ECOSIL Ltd., have been established. Nev-
ertheless, a number of aspects concerning safety of radioactive waste management and de-
commissioning are not yet sufficiently regulated. Procedures for the release of materials,
buildings and land for reuse, clear classification criteria for radioactive wastes, rules for waste
treatment, storage or disposal, are a few examples. Decommissioning projects as such are not
included in the list of licensable activities in the Radiation Act.

At present no specific regulatory authority on radioactive waste management exists in Esto-
nia. A small ERPC department has to cope with multiple difficult issues. Gaps in the recently
enforced national legislation and establishment difficulties of the regulatory authority together
with financing deficiencies have considerably hampered the radioactive waste management
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practices, decommissioning/remediation activities at Paldiski, Tammiku and Sillamae sites. In
these cases the operator has been forced to apply international good-practice procedures and
recommendations. In a few occasions, a case-by-case approach has been applied by the gov-
ernment or by the ministers.

At present no general program document or strategy plan declaring national policy in radio-
active waste management, in disposal or decommissioning of the former nuclear / nuclear
cycle facilities is accepted. Nevertheless, the adoption of such plan is a requirement laid down
in Art. 4' of the Radiation Act [1]. This document should specify general radiation safety
principles and measures, the options for radioactive waste disposal, decommissioning stages
as well as their application requirements and the funding policies. In connection with a
recently launched relevant EU project, the planned drafting of the national strategy document
has been postponed until the availability of its recommendations and conclusions.

At present categorisation of radioactive waste, clearance levels and release limits are not
established in Estonia. A draft regulation on release criteria, on clearance levels, on the waste
classification system (see e.g., a version in Table 1), on the waste acceptance criteria as well
as on the order of their implementation, is currently under preparation. The draft includes
basic international and recent EC recommendations on release and clearance levels relevant to
radioactive waste management and decommissioning.

Table 1. Proposed radioactive waste categories in the draft regulation.

Category
Cleared waste

Low activity waste
Short-lived LILW

Long-lived LILW

Description
Activities less than exemption or clear-
ance levels
A < 10 MBq, t,/2 < 100 d
ti/2 > 30 a; beta and gamma; alpha C < 4
kBq/g per waste package (averaged over
all packages C < 0.4 kBq/g)
t, / 2>30 a; C>C(short-livedLILW)

Storage requirements
No restriction imposed after
clearance
Storage for decay
Interim or final repository

Interim or final repository

A significant help in the field has been and is continuously given by the IAEA technical co-
operation projects, EC and OECD/NEA projects, on the bilateral level (Sweden, Finland, UK,
USA) and also in the form of Paldiski and Sillamae International Expert Reference Groups
(PIERG and SIERG, respectively). Large international co-operation projects are currently in
progress at the Paldiski and Sillamae sites. International help has been equally important in
legislation, in education and training of local officials and specialists. As a result, a number of
training courses have been arranged, the basic Estonian radiation protection terminology has
been elaborated, teaching and research in environmental radioactivity, radiation protection
and in the related areas have started.
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2000, 54, 348 (in Estonian).
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