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FOREWORD

The International Atomic Energy Agency (IAEA) has published
Technical Reports Series and Safety Series documents on radioactive waste
management over nearly three decades. These documents have served Member
States presenting basic reference material and comprehensive surveys of the
'state-of-the-art' technologies applied to radioactive waste management.

The need for assistance in specific waste management problems facing
many countries has been demonstrated in IAEA activities including technical
assistance projects and Waste Management Advisory Programme (WAMAP)
missions. Technical Reports Series and Safety Series documents usually
reflect:

- technological solutions based on experience and resources
normally available in countries managing nuclear fuel cycle
wastes;

- volumes and activities of radioactive wastes of orders of
magnitude greater than those generated in countries without
nuclear power.

A new series of technical documents is being undertaken especially
to fully meet the needs of Member States for straightforward and low cost
solutions to waste management problems. These documents will:

give guidance on making maximum practicable use of indigenous
resources;

- provide step-by-step procedures for effective application of
technology;
recommend technological procedures which can be integrated
into an overall national waste management programme.

The series entitled 'Technical Manuals for the Management of Low and
Intermediate Level Wastes Generated at Small Nuclear Research Centres and
by Radioisotope Users in Medicine, Research and Industry* will serve as
reference material to experts on technical assistance missions and provide
'direct know-how' for technical staff in Member States. Currently, the
following manuals have been identified:

- Minimization and Segregation of Radioactive Wastes
- Storage of Radioactive Wastes

Handling, Conditioning and Disposal of Spent Sealed Sources
Handling and Treatment of Radioactive Aqueous Wastes

- Treatment and Conditioning of Radioactive Solid Wastes
Treatment and Conditioning of Carcasses and Biological Material
Treatment and Conditioning of Radioactive Organic Liquids



Treatment and Conditioning of Spent Ion Exchange Resins from
Research Reactors, Precipitation Sludges and Other Radioactive
Concentrates
Design of a Centralized Waste Processing and Storage Facility.

The order of preparation of the manuals is based on priority needs of
Member States and it is recognized that additional areas of technical need
may be identified as this programme is implemented. In this regard the
programme is flexible, should other manuals or modifications prove
necessary.

The objective of this manual is to provide essential guidance to
Member States without a nuclear power programme on selection, design and
operation of cost-effective treatment and conditioning processes for
radioactive solid wastes generated at institutions or small research
centres.

The IAEA wishes to express its gratitude to the consultants, W. Hild
(Gesellschaft für Strahlen- und Umweltforschung mbH, Germany) and
J. Heinonen (Helsinki University of Technology, Finland) who prepared the
original draft of this document in conjunction with W. Baehr, the IAEA
officer responsible for this work from the Division of Nuclear Fuel Cycle
and Waste Management.

EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts and given some attention to presentation.

The views expressed do not necessarily reflect those of the governments of the Member States or
organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

Radioactive materials are extensively used in industrial and research
activities mainly related to medical, agricultural, environmental and other
studies and applications. During the application and production of
radioisotopes, significant amounts of radioactive wastes will inevitably
arise, which must be managed (i.e. handled, treated, conditioned,
intermediately stored and finally disposed of) with particular care. It
should be underlined as well that serious efforts to minimize and
appropriately segregate the waste arisings during the application of
radioisotopes are the most important first step in waste management.

The essential objective of the management of radioactive waste is the
protection of mankind, the biosphere and the environment from the
detrimental effects of nuclear radiation both now and in the future.

This report deals with radioactive wastes outside the nuclear fuel
cycle and it is directed primarily to countries without nuclear power
programmes, e.g. countries belonging to the following Groups A, B and C.
This classification was made on the basis of the existing facilities using
radioisotopes and the types and quantities of radioactive wastes
produced [1].

Group A Member States which utilize radioisotopes at a few hospital
locations, universities and industries.

Group B Member States which have multi-use of radioisotopes in
hospitals and other institutional areas and need a central
collection and processing system.

Group C Member States which have multi-use of radioisotopes and a
nuclear research centre which is capable of indigenous
production of several radioisotopes.

One of the essential aims of waste management technologies is to
immobilize the radionuclides in order to allow an efficient fixation and
packaging of the waste enabling a safe storage and preventing a dispersion
of radionuclides in the environment. There are many techniques applied for
immobilization. Volume reduction of waste is often included as an
essential part in the immobilization process or it is used as a separate
treatment step prior to immobilization.

Immobilization can be achieved by two principal methods:
- embedding radioactive materials into leach resistant matrices,

or
- packaging of the radioactive material into containers with

adequate stability and integrity, guaranteeing safe containment
of the radionuclides.

An important method for the management of low level, radioactive
wastes contaminated with short lived radionuclides is to store the waste
under well controlled safe conditions until the radioactivity is decayed to
a level that the waste can be categorized as "below regulatory concern" de
minimis waste or meet so-called "exemption limits" [2,3].

In achieving the universal primary objective of waste management, i.e.
protection of the people and the environment, waste management practices



and concepts can vary considerably from one country to another. The
following basic principles should be carefully considered when developing a
waste management concept:

Only proven management technology should be applied for treatment,
conditioning and storage.

- The technologies used should be relevant to the types and
characteristics of the wastes concerned.
The technologies and the entire waste management system should be
applicable to the conditions prevailing (i.e. the infrastructure) in a
country. The possible omissions and deficiencies should also be
identified and their relevance carefully considered e.g. status of the
regulatory framework, control authority, environmental surveillance
and baseline data, etc.
When developing a waste management strategy, consideration should be
given to the entire sequence of waste management operations from waste
sources to disposal and all the related issues: every aspect of waste
generation, processing, transportation, storage and disposal,
including regulatory, socio-political and economic issues. The
interaction of all these aspects must be analysed and understood
before the entire waste management system can be properly built up and
safely managed [4].

2. WASTE ARISINGS AND CHARACTERISTICS

The types of waste dealt with in this document are restricted to solid
radioactive wastes belonging to the low level category. As already
mentioned in Section 1, they are futhermore characterized by the fact that
they are produced in Member States belonging to Groups A, B and C in view
of facilitating its Technical Assistance in Waste Management for Member
States without nuclear power programmes.
2.1. Applications of radionuclides

The application of radioactive materials in medical diagnosis,
treatment and research is extremely important. In many instances
alternative non-radioactive methods are not available. The practical
administration of radioactive materials to persons is normally covered by
specific regulatory control. General principles of radiation protection in
the application of radionuclides in medicine are dealt with in the Manual
on Radiation Protection in Hospitals and General Practice from the World
Health Organization (WHO) [5].

Users of radioactive materials in scientific research laboratories,
universities and other establishments are most commonly involved in
monitoring the metabolic or environmental pathways associated with a large
range of compounds as diverse as drugs, pesticides, fertilizers and
minerals.

Some industrial processes incorporate radioactive materials into the
product. Apart from radiopharmaceuticals, the number of premises involved
in the manufacture of products such as sealed radioactive sources, luminous
devices and specialized electronic valves is small. Certain industrial



premises use particular forms of radioactive material for scientific
measurements, non-destructive testing, quality control, the evaluation of
plant performance, and development and evaluation of their products and
processes.

The range of applications of radionuclides in medicine, scientific
research establishments, universities and industries is continually
expanding. Table I lists some of the radionuclides that are most
frequently applied and states also their half-life. It should be
understood that reference is only made to the principal radionuclides and
their applications [6].

2.2. Volumes and types of primary wastes

In all operations applying radioactive materials, wastes are produced
and in the particular case under consideration in this document, the wastes
are mostly contaminated with short lived isotopes (see Table I).

Wastes containing long lived radionuclides, including transuranic
nuclides, are not produced within the vast majority of laboratories engaged
in medical and scientific research. However, if such radionuclides are
present, the regulatory authority will no doubt insist on strict limits.
These particular wastes will thus not be considered in this document.

An IAEA classification for radioactive wastes [7] qualitatively
defines the following five categories (mainly with a view to disposal of
these wastes):

I high level, long lived wastes
II intermediate level, long lived wastes
III low level, long lived wastes
IV intermediate level, short lived wastes
V low level, short lived wastes.

The waste arisings dealt with in this document fall almost exclusively
into Category V and only occasionally into Category IV. Wastes of these
categories are generally suitable for disposal together with municipal
refuse after appropriate decay storage or for disposal by shallow land
burial.

Based on the IAEA proposal for the classification of solid radioactive
wastes presented in Table II [8], it can be concluded that the wastes dealt
with in this document belong almost exclusively to Category 1, i.e. solid
wastes contaminated by ß-y emitters whose surface dose rate does not
exceed 2 mSv/h.

The volume of radioactive waste produced by individual users of
radioactive materials in Groups A, B and C Member States is not likely to
be large. The specific activity of waste generated will depend upon the
experimental objectives, equipment available, the form in which the
radioactive materials can be purchased or produced and the degree to which
the individual user has been trained in the techniques of application and
measurement.



TABLE I. PRINCIPAL RADIONUCLIDES USED IN MEDICINE,
CLINICAL MEASUREMENTS, BIOLOGICAL RESEARCH AND OTHER APPLICATIONS [6]

Radio-
nuclide

H-3

C-14

Na-22

Na-24

P-32

S-35

Ca-45
Ca-47

Cr-51

Half-life Principal application

12.26 a Clinical measurements,
Biological research,
Labelling on site, etc.

5960 a Biological research,
Labelling, etc.

2.6 a Clinical measurements,
etc.

15 h Clinical measurements

14.3 d Clinical therapy,
Biological research

87.4 d Clinical measurements
Biological research, etc.

164 d Biological research
4.5 d Clinical measurements,

etc.

27.7 d Clinical measurements
Biological research,
etc.

Typical
quantity per
application

Up to 5 MBq
Up to 50 GBq

Less than 1 GBq
Up to 10 MBq

Up to 50 KBq

Up to 5 GBq

Up to 200 MBq
Up to 50 MBq

Up to 5 GBq

Up to 100 MBq
Up to 1 GBq

UP to 5 MBq
Up to 100 kBq

Co-57 271.7 d Clinical measurements Up to 50 kBq
and

Co-58 70.8 d Biological research,
etc.

Fe-59 44.6 d Clinical measurements,
Biological research,
etc.

Up to 50 MBq

Ga-67 78.26 h Clinical measurements Up to 200 MBq

10



TABLE I. (cont.)

Radio-
nuclide

Half-life Principal application Typical
quantity per
application

Se-75 119.8 d Clinical measurements Up to 50 MBq

Sr-85 64.8 d Clinical measurements,
Biological research,
etc.

Up to 50 MBq

Y-90 64.1 h Clinical measurements, Up to 1 MBq
Biological research, etc.

Tc-99m 6.02 h Clinical measurements,
Biological research

Up to 500 MBq

In-111 2.8 d

Te-121m 154d

Clinical measurements,
Biological research

Up to 500 MBq

1-125 60 d Clinical measurements,
Biological research, etc.

1-131 8.04 d Clinical measurements,
Clinical therapy,
Biological research, etc.

Up to 500 MBq
Up to 500 MBq

Up to 500 MBq
Up to 10 GBq
Up to 50 MBq

Waste product from
131-1 production

Up to 0.4 TBq

Xe-133 5.25 d Clinical measurements,
etc.

Up to 200 MBq

Au-192 2.7 d Clinical therapy Up to 10 GBq

Hg-197 64.4 h

Hg-203 46.6 d

Clinical measurements,
etc.

Up to 50 MBq

Tl-201 3 d Clinical measurements Up to 200 MBq
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TABLE II. PROPOSAL FOR THE CATEGORIES OF SOLID WASTES [8]

Category Radiation dose on the surface
of wastes D (mSv/h)

Remarks

2
3

D 4 2
2 < D i 20

20 < D

ß-y emitters
a-emitters
insignificant

a-activity expressed in a-emitters dominant
ß-y emitters insignificant
not suspect from the point
of view of criticality

Note; Category 1:

Category 2:

comprises solid radioactive wastes with beta and gamma
emitters and an insignificant amount of alpha emitters
whose radiation dose on the surface is not higher than
2 mSv/h. Such solid wastes can usually be handled and
transported without any special precautions.
comprises solid radioactive wastes with beta and gamma
emitters and an insignificant amount of alpha emitters
whose radiation dose on the surface is higher than
2 mSv/h and equal or lower than 20 mSv/h. Such solid
waste can usually be transported in simple containers
shielded with a thin layer of concrete or lead.
comprises solid radioactive wastes with beta and gamma
emitters and an insignificant amount of alpha emitters
whose radiation dose on the surface is higher than
20 mSv/h. Such solid wastes can be handled and
transported only if special precautions are taken.

Category 4: comprises solid radioactive wastes with dominant alpha
emitters and an insignificant amount of beta and gamma
emitters which are not suspect from the point of view of
criticality. The activity should be expressed in Bq/m3.

Category 3:
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TABLE III. ESTIMATED ANNUAL PRIMARY RADIOACTIVE SOLID WASTE ARISINGS
AND ACTIVITIES IN COUNTRIES BELONGING TO GROUPS A, B AND C

S o l i d W a s t e f o r
Treatment Direct conditioning

Member Volume Total Activity Volume Total Activity
States in (m3/a) (GBq) (Ci) (m3/a) (GBq) (Ci)

Group

Group

Group

A

B

C

10-20

50

50-100

2 0,5

40 1

40-80 1-2

1-5

5

10

2

5

13

,7

,4

,5

103

2xl03

5xl03

Table III presents an estimation of the annual waste arisings in
Member States belonging to Groups A, B and C (see Section 1), specifying
wastes that after appropriate segregation require

treatment (i.e. volume reduction and embedding into concrete),
or
direct conditioning (i.e. direct packing of non-compactible
solid waste into containers followed by conditioning with
concrete).

It follows from practical experience that waste requiring direct
conditioning represents not more than 25% of the estimated volume arisings
shown in Table III.

Table IV gives a compilation of the principal types of solid wastes,
divided into the two main groups into which the solid wastes should be
segregated, i.e. compactible, combustible solid wastes and non-compactible,
non-combustible solid wastes. As mentioned above, this segregation has to
be preceded by an appropriate activity measurement or segregation
distinguishing between waste that can be disposed of (together with
municipal refuse) after decay storage (i.e. waste contaminated by
radionuclides with a half-life ̂  100 days) and waste that needs treatment
and conditioning. Considering the relatively small amounts of combustible
wastes, compaction should be the preferred volume reduction method.
Incineration is technically much more complicated and should only be
considered if large quantities of combustible wastes can be incinerated in
a continuous operation mode.

13



TABLE IV. THE PRINCIPAL TYPES OF SOLID RADIOACTIVE WASTE GENERATED
IN MEMBER STATES OF GROUPS A, B AND C

Compactible,
combustible
solids

tissues
swabs
paper
cardboard
plastics (PVC, PE, etc.)
rubber
gloves
protective clothes
filters

ion exchange resins (research reactor)'

carcasses
excreta

Non-compactible,
non-combustible
solids

glassware
metallic items
scrap
brick work

sealed sources
radium needles

International Atomic Energy Agency, Treatment and Conditioning of
Spent Ion Exchange Resins from Research Reactors, Precipitation
Sludges and Other Radioactive Concentrates, IAEA-TECDOC (in
preparation).
International Atomic Energy Agency, Treatment and Conditioning of
Carcasses and Biological Material, IAEA-TECDOC (in preparation).
See Ref.[15].
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In addition, all physical and chemical properties of the solid wastes
could influence both the decay storage of the untreated waste and the
treatment and conditioning operation of the rest of the solid wastes, as
far as safety aspects are concerned. Unstable and explosive compounds have
to be eliminated, as well as combustible metals like lithium, magnesium,
etc. Furthermore, all strong oxidising agents representing a high fire
hazard should be eliminated as well as absorbed liquids with flash points
less than 60°C and materials that react with water to evolve heat and
flammable gases (e.g. hydrides, carbides, etc.). These considerations show
clearly the importance of administrative instructions that should be issued
in support of the segregation measures to avoid hazardous consequences.

3. SOLID WASTE MANAGEMENT STRATEGIES

3.1. Definition
Based on the waste arisings and waste characteristics described in

Section 2 and the general considerations in Section 1 on the definition and
realization of a waste management strategy best fitting the local situation
and demands, it can be concluded that there are essentially two basic waste
treatment and conditioning options that will handle the typical waste
arisings dealt with in this document:

Waste collection and packaging for decay storage ending in
disposal together with commercial refuse to a conventional waste
dump, and
Waste collection, segregation, treatment - applying volume
reduction where appropriate -, conditioning and packaging,
followed by interim storage awaiting disposal in a final
repository.

Practical experience shows that decay storage is suitable for wastes
contaminated by radionuclides with a half-life of ± 100 days. In addition,
decay storage can be applied also for radioisotopes with a higher
half-life. In all cases where the specific activity of the waste is in
such a range that only a reasonably limited time period is needed for a
decay of this activity to the maximum permissible values, the opportunity
should be used to dump the waste together with municipal refuse. The rules
for dumping of wastes, which are fixed by the local authorities, must be
followed.

Decay storage is a very efficient and economic waste management
procedure. It implies, however, extremely accurate administrative control
measures and very careful waste segregation and/or activity measurements at
the origin of waste production and at the end of the decay storage period.
Careful elimination or appropriate treatment of all chemical compounds that
could endanger the decay storage (e.g. decomposition, fire) is necessary.
Waste considered as toxic waste compounds must be excluded from dumping as
municipal refuse.

The second waste management option includes waste treatment and
conditioning for final disposal after interim storage. A detailed
description of different treatment procedures for solid radioactive wastes
demonstrated on a pilot scale and industrial operation is given in [7].
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FIG. 1. Management strategy for solid radioactive waste of small nuclear research centres in developing countries.



The waste arisings dealt with in this document are rather small and
almost exclusively consisting of compactible, combustible and
non-compactible, non-combustible waste (see Section 2). Although
incineration would be the most efficient volume reduction procedure for the
combustible wastes, it is not recommended in this particular case. The
amount of combustible waste is in fact too small to warrant the application
of such a rather sophisticated technological unit operation. On the other
hand, compaction is a well demonstrated and proven volume reduction method
that ideally fits the needs of the wastes dealt with in this document.
Similar considerations lead to the conclusion that the best method for
embedding and conditioning would be by concreting or cement grout fixation,
rather than bituminization or encapsulation into polymers.

Based on these considerations, a proposal for solid waste management
strategy is presented in the simplified flowsheet of Figure 1. As can be
seen in this figure, two compaction processes can be used:

- In-drum compaction, where the waste is directly compacted in the
drum in consecutive filling and compaction steps, and

- drum compaction, where drums already filled are compressed into
compacts that are consecutively filled in a waste drum.

In case a waste repository is available and the external dose rate of
the drum allows it, the drums could be disposed of directly. If interim
storage is necessary then the waste drums should be placed and concreted
into an overpack-drum to provide the appropriate shielding and long term
handling stability. The compacts from the drum compression step are
conditioned by concreting.

Non-compactible wastes are filled into drums and conditioned by
concreting. All properly conditioned and closed waste drums can either be
directly disposed of into an available repository or placed into an interim
storage awaiting disposal into a repository.
3.2. Solid waste pretreatment

Pretreatment of radioactive waste is mainly aimed at an appropriate
preparation of the waste that facilitates the subsequent treatment steps.

Pretreatment actions may comprise [7]:
Administrative measures;
Segregation, sorting;
Packaging for transport to an intermediate storage area or to the
treatment facility;
Size reduction;
Decontamination;
Decay storage.
It is obvious from this enumeration that pretreatment must start at

the source where the solid waste is produced; indeed, the complexity of
operating a volume reduction system requires that this management aspect be
emphasized from the very beginning. There, administrative measures fix the
rules for the very first steps of the solid waste management, i.e.
collection, sorting, segregation and packaging for transport to buffer
storage areas, or directly to the treatment facilities. Emphasis must be
placed on an as informative as possible description of the waste, stating
origin, nature, activity (isotopes, radiation level), package volume,
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FIG. 2. Label and tags for marking radioactive waste containers.

weight and all further information relevant to the safe execution of the
subsequent treatment steps. It is imperative that this information is also
provided to meet accountability and operational purposes. This, in turn,
leads to the need to use adequate measuring techniques to obtain the above
information. Indeed, the establishment has to keep a detailed record
system that integrates and documents the information obtained in all phases
of the waste management system.

This includes also an appropriate labelling system for identification
of the classified and recorded waste. For the sake of safety and
efficiency a strong, responsive administration and control system must
oblige all parties within the waste management system to comply with
operational and safety rules.

Classifying the wastes into the categories handled in the integral
waste management system is achieved in the sorting and segregation steps.
Whenever possible, these operations should be done at the source where the
waste is produced, and they should be combined with the packaging into
appropriate containers (usually plastic bags and/or 200 litre drums)
bearing adequate indication (labelling and colour coding) for the
subsequent management steps and treatment (Figure 2).

Experience shows that even at sites where waste treatment facilities
are not yet available, it is highly recommended to start to store the waste
in segregated categories from the beginning. Non-segregated bulk storage
makes final waste treatment inevitably complicated.
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Size reduction will normally be achieved in the treatment facility.
It can however, be advantageous to start already at the source, whenever
this is possible.

Decontamination could be considered as a pretreatment step whenever
the degree and/or the nature of contamination would prohibit treatment of
the wastes in an existing facility. Further, a possibility for a specific
decontamination which can be done easily should be selected.
Decontamination is normally a rather complex operation necessitating
special facilities, preparations and considerations which will be discussed
in the following chapter.

In the same context, interim storage allowing decay of short lived
isotopes can be a rather effective pretreatment method, considerably
facilitating subsequent treatment steps.

Decay storage is of particular importance for the wastes dealt with in
this report, since most of the radionuclides used e.g. in medicine and
research are short lived and the content of radioactivity is well defined.
That is why the proper administration and control system can result in
substantial savings and a high level degree of safety when managing this
type of wastes.
3.2.1. Sorting, segregation and packaging

For the sake of safe, smooth and efficient waste management
operations, it is necessary to segregate the solid waste into different
groups according to their degree and kind of contamination and their
physico-chemical properties. As indicated before it is highly recommended
to collect and segregate the waste at the point of origin and to utilize
appropriate packs and containers. With reference to the physico-chemical
properties of waste, experience shows that it is practicable to categorize
the materials into two groups:

(a) Compactible and combustible
paper
wood
plastics
rubber (gloves)
fabrics (protective clothes)

(b) Non-compactible and non-combustible
glass
scrap and other metal pieces
concrete debris

Most of the wastes produced in the laboratories of individual isotope
users fall into the first category. Whenever solid wastes containing
radionuclides of half-life one year or more (except for carbon-14 and
tritium) are produced, they should be stored separately for treatment by
special methods. (For carbon-14 and tritium, special national rules may
apply.)

Collection practices for solid wastes from radioisotope users normally
consist of distributing suitable containers throughout the working area to
receive discarded active materials. The containers should be marked with
brightly coloured paint (normally yellow) and the radiation symbol to
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FIG. 3. Containers for collection of combustible and non-combustible radioactive wastes.

distinguish them from bins meant to receive inactive wastes. Different
types of containers for collection of combustible and non-combustible solid
wastes are shown in Figures 3 and 4.

Refuse cans with foot operated lids shown in Figure 5 are particularly
useful for radioisotope laboratories. They should be lined inside with
heavy-gauge plastic bags, which can be sealed and taken out when full. The
use of plastic bags for trash containment has the advantage that water from
wet material will not seep through them and contaminate the floor. Such
containers may be used for collection of combustible-compactible wastes.

For non-combustible, non-compactible waste such as broken glassware,
metal pieces, etc., which require a stronger container, cans may be used
advantageously. For small quantities of waste produced in glove boxes or
cells, cardbord boxes shown in Figure 6 have proven useful. Figure 7 shows
a container preferably used in hospitals.
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It is essential to separate inactive trash from radioactive wastes;
thus the volume of active waste can be kept significantly smaller. This
necessitates the availability of a reliable and practicable monitoring
system, which will be dealt with in the next Section.

3.2.2. Monitoring

Commercially available equipment has been developed for the purpose of
classifying wastes such as inactive or active, i.e. under de minimis or
exempt levels. The high sensitivity for y-radiation allows very rapid
and reliable measurements, for example of plastic bags, on a semi-automatic
basis. This equipment is well suited for monitoring of low level, solid
wastes from laboratories and medical use. Waste packages, such as plastic
bags, cans, containers and drums, when taken out of the laboratory, should
be monitored to check for removable contamination. Each waste package

FIG. 4. 200 L drum for the transport of collected combustible solid waste to the treatment facility.
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FIG. 5. Refuse can with foot-operated lid.

should be clearly labelled to show its destination, e.g. disposal with
normal refuse in accordance with local regulations or taken to treatment,
decay storage or waste disposal site.

Figure 8 shows waste bag measurement systems and Figure 9 a monitoring
device for a complete 200 L drum.
3.2.3. Decay storage

It is often found that most of the solid waste produced by individual
users of radioactive materials contains very small amounts of short lived
radionuclides. In such cases, the wastes can be stored until the activity
decays to such a level that they can be considered inactive as per the
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local regulations and dumped with the approval of the licensing authority
along with municipal refuse. In places where a well organized municipal
refuse collection system does not exist, the site co-ordinator may need to
seek the advice of the licensing authority. A simplified flowsheet for the
management of all types of radioactive solid wastes contaminated with
short lived radioisotopes is shown in Figure 10.

Advantage should be taken to avoid treatment of radioactive wastes by
carefully organized decay storage of the shorter lived contaminated wastes
wherever permitted by the non-radioactive risks. In assessing the safety
of the decay storage phase, the main risk factors to be considered include
fire hazards, volatile and combustible components of waste, chemical and
biological instability as well as toxicity.

Decay storage is normally applied to routinely segregated LLW from
user hospitals, universities, research laboratories and other institutions
for the common constituents, 99Mo(66 h), 131I(8 d), 125I(60 d) and
192Ir(74 d).

A decay storage of ten half-lives will reduce the initial radioactivity
down to 1/1000, which in many cases mean below the limits for disposal -
depending on the local regulatory practices.

FIG. 6. Small cardboard boxes for non-combustible and non-compactible radioactive solid wastes
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FIG. 7. Container for collection of radioactive solid wastes generated in hospitals.

The advantageous option of decay storage requires the operation of
protected, selective storage capacity with matching identification and
other administrative procedures. Usual radiological protection
requirements should apply regarding handling of active or potentially
active materials even in the simplest facility. A relevant and efficient
keeping of records involving considerations of the special features of the
waste is emphasized.

Tahle V gives the times for reduction in activity by factors of 10 for
the more short lived radionuclides listed in Table I. Large reduction
factors are achieved within short periods for very short lived
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FIG. 9. Monitoring device for a 200 L drum [16].

radionuclides, e.g. a factor of 106 in 5 days for 99raTc. For such
short lived radionuclides there are not likely to be problems with
specification of the exemption level. Very short storage periods will
provide adequate decay even at the lower limits for exemption.

3.3. Volume reduction of solid wastes by compaction
As already mentioned in Section 3.1 compaction is best suited to

obtain the volume reduction aimed at in the treatment of the combustible
and compactible wastes dealt with in the document. This mechanical volume
reduction method is widely used in waste treatment. Commercially available
presses and compacting devices are frequently used in radioactive waste
treatment after appropriate adaptation to the specific task. Volume
reduction factors obtained depend largely on the waste material and the
pressure applied, but in general are between 3 and 10. Optimum operation
will be achieved if appropriate sorting and pretreatment of the waste has
been accomplished.

Both hydraulic and pneumatic presses are in use in low-pressure and
high-pressure units. Forces applied can vary between 4 Mg and 1.5 Gg (4
and 1500 t); pressures vary normally between 0.2 and 80 MPa (2 and
800 kg/cm2).

Owing to the varying composition of the waste, it is rather difficult
to specify optimum pressure and volume reduction for particular waste
treatment applications. A case requiring particular consideration is the
compaction of material showing a certain tendency to expand or rebound
after releasing the compaction pressure. Compaction in steel waste drums
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TABLE V. REDUCTION TIMES FOR SOME RADIONUCLIDES TO
SPECIFIED LEVELS OF DECAY

Radio-
nue lide

P-32
Ca-45
Tc-99m
1-125

1-131

Decay
Constant

1
1
1
4

3

a

.8X101

.5

.oxio3

.1

.2X101

Time (a
101

1.3X10-1
1.5
2.3X10~3

5.6X10"1

1.7X10"1

o) for Reduction in Activity
io2

2.6X10"1
3
4.6X10"3

1.1
3.4X10"1

3
4

6
1
5

103

. 9X10'1

.5

. 9X10~3

.7

.oxio'1

io4

5.2X10"1
6

9.2X10"3

2.3
6 . 7X10"1

bv a Factor

6
7
1
2

8

1C5

.5X10"1

.5

.2X10"2

.8

.4X10"1

7
9
1
3
1

of
IO6

.8X10"1

.4X10~2

.4

.0

The above table is calculated from the following formula:

T =
lne R
~X

where T is time in years
A is the decay constant
R is the reduction factor in 10n

or compaction together with other constraints (e.g. straps or bands) can
minimize or completely overcome the expansion.

Designers and operators of compaction facilities should bear in mind
that:

- Large non-compactible components could damage the equipment and
should be eliminated at the segregation and/or the pretreatment
stage;

- Chemical reactivity of the material compacted is not eliminated
but might be enhanced; for instance, pyrophoric or explosive
materials should be eliminated in the pretreatment step and the
press should be provided with appropriate fire-fighting means;
Absorbed or incidentally contained liquids can be released
during compaction and should be collected in an appropriate
drip-tray system;
Release of air enclosed in the primary waste packages will occur
during compaction. This can lead to airborne contamination
which requires an appropriate off-gas treatment system to meet
safety criteria; the compactor should therefore be supplied
with a properly functioning filtration system.

Thus, a careful selection from the commercially available equipment
has to be made that can best be adapted to the waste category concerned in
order to guarantee both conventional and radiological safety.
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3.3.1. Vacuum compaction
A recently developed vacuum compaction system is particularly suited

for the sealing and compacting of low level radioactive and toxic waste
from hospitals, medical and pharmaceutical applications and other research
activities. It can best be applied directly at the place of waste
production. Figure 11 presents some details of the vacuum compaction
system CORA [9]. The CORA system is designed to pack and seal dangerous
waste as well as other materials into special plastic bags using absolute
vacuum in connection with a welding device. The bags are manufactured from
highly chemical resistant multilayer material. All operational movements
are carried out by vacuum. During the filling operation an exhauster
removes dangerous aerosols through a filter thus preventing the ambient
atmosphere from becoming contaminated. The reentry of normal atmospheric
pressure into the vacuum chamber results in a volume reduction by
compacting the waste material. The degree of compaction depends on the
physical properties of the waste material. Generally, a volume reduction
factor of at least 2 is achieved. The evacuated and sealed bags allow
handling of the filled waste material without a direct risk of
contamination.

Sealing of wastes can also be performed without application of vacuum
yielding no volume reduction. This procedure is normally used for
uncompactible waste and objects with sharp edges that might penetrate the
bags under vacuum stress.

The vacuum unit is equipped with an exhaust filter system allowing the
use of different filter types. The existing filter exhaust systems in the
working area can easily be adopted for connection to the filter system of
the vacuum compactor.

Experience has shown that utilization of the vacuum compactor at the
origin of waste production is very efficient and minimizes considerably the
handling of the solid wastes and the risk of secondary contamination,
provided care is taken for an appropriate waste segregation. A vacuum
compaction and packing system is thus recommended for the collection,
segregation and packing of the primary low level solid wastes under
consideration in the document, particularly in hospitals, medical,
pharmaceutical and other research applications.
3.3.2. In-drum compaction

Low pressure compaction is used to reduce the volume of solid
compactible wastes primarily to facilitate packaging for transport, either
to a waste treatment facility where further compaction or other treatment
will be carried out, or to an interim storage facility awaiting disposal.

Low pressure compaction techniques, applying forces up to about 0.1 Gg
(100 t) are mainly utilized on site by the waste generator, and sometimes
at the waste treatment facility. A typical application of low pressure
compaction technique at the waste generation site is the simple compression
of bags of trash into a 200 litre drum as shown in Figure 12. Implicit in
the design of such a device is the requirement that adequate containment
and off-gas treatment is provided to meet safety criteria.

For convenience one example of an application is presented hereafter.
At the Bruce power station in Canada, for instance, Ontario Hydro operates
an in-drum compactor for processing compactible wastes [10]. The bagged
waste is manually deposited into the compression chamber of the machine and

29



before

procedure

after

v

FIG. 11. Vacuum compaction system CORA.
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FIG. 12. In-drum compactor (USA).

is compressed into 200 litre drums. The compression platter is driven by a
hydraulic cylinder generating a platter pressure of 4.5 kg/cm2 (450 kPa).
To avoid any spread of contamination the compression chamber is totally
enclosed with an integral exhaust air filtration system. The air
filtration system includes an exhaust fan, a prefilter and a HEPA filter.
Figure 13 gives a view of this equipment.

Operating experience with the drum compactor has been good. It is
reliable and trouble free. The gross volume reduction factor achievable is
5:1, and its capacitiy is about 4000 m^ unprocessed waste annually.
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FIG. 14. In-drum compactor (Germany).

Numerous other nuclear installations operate similar in-drum compacting
units adopted to equal or lower capacities. Other examples of in-drum
compaction are shown in Figures 14 and 15. Satisfactory operation and
reliable equipment available on the market has led to the rather widespread
application of this technique, that is also an appropriate volume reduction
process for the solid wastes dealt with in this document. As already
indicated in Section 3.1 conditioning of the drum containing the compacted
waste by concreting into an overpack drum is possible depends however, on
safety considerations concerning storage and disposal needs. Figure 16
illustrates the flowsheet for conditioning of compactible radioactive solid
wastes by in-drum compaction.
3.3.3. Drum compaction

The drum compaction process is characterized by the fact that drums
containing compactible wastes are compressed together into stable

33



FIG. 15. In-drum compactor (USA).
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MODEL 55E

FIG. 17. Drum crashing (USA).

compacts. The height of which depends on the force of the compaction press
and the physical properties of the waste material. A drum compactor is
shown in Figure 17. Both drums containing compactible wastes as collected
at the place of production and drums containing waste that had already been
treated by in drum compaction can be fed to the drum compaction device. In
the latter case high pressure compactors using forces of 1.5 Gg (1500 t)
are used that achieve an additional volume reduction. Conditioning of
compactible radioactive solid wastes by drum compaction is shown in
Figure 18.

Drum compacting devices are normally applying forces that are equal or
higher than 0.1 Gg (100 t) achieving a stable compression into compacts
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FIG. 19. Mobile high pressure compactor.

FIG. 20. Prefabricated concrete or steel container filled with compacts.
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containing the compactible waste at almost optimum density. Volume
reduction factors are going up to 10. The maximum compaction effect would
be reached when all the voids in the material have been eliminated. This
would, however, demand extremely high pressure and, consequently, very
sophisticated systems. Good operational compromises range between 70 and
90% of the theoretical value. Main aim of the volume reduction operation
is, however, to produce a stable compact of reasonable volume reduction
that for disposal reasons can be packed into disposal containers into which
they can be embedded by concrete. Figure 19 gives a view of a mobile drum
compactor.

Although there are presently a few mobile drum compaction units in
operation that can serve waste producers at various locations during
limited compaction campaigns, most of the drum compactors are stationary at
waste treatment installations of nuclear plants and establishments or at
waste disposal sites. An example of the latter case is the French shallow
land burial disposal site for low and intermediate level radioactive wastes
at La Manche (CSM), where a drum compactor unit compresses delivered drums
(both 200 and 100 litres) with compactible wastes in a steel mould with a
force of 0.4 Gg (400 t). The compacts are placed in prefabricated concrete
containers as shown in Figure 20 where they are conditioned by cement grout
prior to disposal at the shallow land burial site.

It is once again recalled that compaction of solid waste can lead to
an increase of the dose rate at the surface of the drum or the compact.
Care should therefore be taken in advance by estimating the probable
increase of the dose rate considering the obtainable volume reduction
factor. Appropriate shielding can be provided in the conditioning step
when the drums or compacts are concreted in appropriate waste drums or
containers.

As for the in-drum compaction units, very satisfying practical
experience is available on the performance and efficiency of drum
compacting devices. Reliable equipment that can be adopted to the
particular needs of the waste treatment problems are available on the
market, satisfying both hands-on and hands-off (remote, automatic)
operation.

Taking care of the necessary precautions that have to be applied in
the segregation and pretreatment steps (see Sections 3.2 and 3.3.1)
appropriate drum compaction units can be selected to serve the particular
needs for the treatment of the solid wastes dealt with in this chapter.
Provided logistic provision would allow this, the use of a mobile
compaction system that can serve several waste producers could also be
taken into consideration.

3.4. Microbiological treatment of wastes

A technology has been developed in Finland which can decompose dry
organic waste within a few days or couple of weeks. A volume reduction
factor between 10 to 20 can be achieved. The products of the system are
biogas (not radioactive) and dregs. Radioactive substances remain in the
dregs, which can be dried and solidified for disposal. The gas can be
burned or released. It contains methane 50-80% carbon dioxide 20-50% as
well as minor amounts of hydrogen and hydrogen sulfide. The dregs contain
inorganic material (ash), dried bacteria mass (dried soil) and amounts of
undegradable organic material [11].
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Another application of the same technology has been developed for the
treatment of spent resins. Special emphasis was laid on the development of
pretreatment systems of resins. Total decomposition of resins is estimated
to be reached within one week [11]. A flowsheet of the microbiological
process is shown in Figure 21.

3.5. Decontamination of equipment and components

Another potential procedure for the volume reduction of solid
radioactive waste is decontamination. As radioactive contamination results
basically from the contact between radioactive materials with any surface
and occurs whenever radioactive elements are handled, appropriate removal
of this contamination from that surface could consequently convert
equipment or material that had to be considered as radioactive waste into
conventional waste or which can be reused. Decontamination is thus loosely
described as any process which reduces any ionizing radiation from the
surface of a contaminated object. Every single piece of equipment or
material which is decontaminated for reuse or for disposal as municipal
refuse results in a reduction in volume of solid waste.

Almost all large nuclear facilities provide a very efficient
decontamination unit that is part of the overall waste management
strategy. The reader can find a more detailed description of
decontamination facilities, operations, equipment and results in [7].

The process of decontamination produces both secondary liquid and
solid radioactive wastes. This fact must be recognised when deciding if
decontamination should be applied, what technique should be selected to
restrict secondary waste arisings to a minimum and in a suitable chemical
and physical form. Furthermore, health and safety factors have to be
considered to limit radiation doses affecting the operators as low as
possible. In addition, economic evaluations should be made.

As far as the wastes dealt with in this document are concerned, it is
believed that decontamination will play a minor role, and will most
probably only be used in exceptional cases for special items and equipment
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that - possibly after maintenance and/or repair - can be reused. It
should be understood that such an operation requires necessarily
appropriate technical provisions. Decontamination, with a view to reaching
de minimis activity levels approved by the competent authorities that would
allow disposal of the solid waste together with municipal refuse, is
however, likely to play no particular role. The volume arisings of
non-combustible and non-compactible solid wastes that could be treated in
this way are too small to allow the construction of the necessary
sophisticated decontamination installations.

Most of the combustible and compactible waste cannot be
decontaminated. There is, however, a rather interesting volume reduction
method that has recently been developed on the basis of microbiological
digestion and decomposition of these waste types as described briefly in
Section 3.4.

3.6. Incineration
Some Member States belonging to Group C are considering incineration

of combustible wastes. Of course, incineration is an attractive process
and in certain cases an advantageous means of dealing with contaminated
carcasses and other putrefied wastes.

Incineration has the highest volume reduction and converts the waste
to a form which is suitable for subsequent immobilization and disposal. On
the other hand, incineration of radioactive waste should be considered only
after careful evaluation of all features.

Incinerators without special air cleaning or ash-handling devices have
relatively low investment cost, but the activity content of the waste
incinerated must be restricted to levels which will not result in exposure
of the general population to concentrations, exceeding those permitted
under national regulations. The use of incineration for combustible wastes
containing larger quantities of radioisotopes requires special off-gas
cleaning and maintenance systems involving high investment and operation
costs.

In general, it is not considered advisable to recommend incineration
of combustible radioactive wastes as a method for treatment of this type of
waste in Member States belonging to Groups A, B and C. The main reasons
are:

- relatively low volumes of real contaminated waste generated
- high investment and operation costs
- the incinerator is not employed to full capacity.
To illustrate this it should be mentioned that an incinerator with a

capacity of 40 kg/h would only be in operation for 30 days annually on the
basis of an eight hour shift per day and a 50 - 100 m^ generation of
radioactive waste per year. Incineration of combustible radioactive waste
could be of interest in combination with incineration of septic hospital or
other toxic materials. To give an idea about the essential funds of an
incinerator based on 40 kg/h capacity, it is estimated that more than
US$500,000 is necessary for equipment only. Not included in these funds
are the construction costs of the building and the erection of the
incineration facility.
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Recommendations for the management of radioactive solid waste in
Member States belonging to Groups A, B and C are:

reducing the generation of contaminated material
- rigorous segregation of active and inactive trash
- compaction of combustible and compactible radioactive waste

contaminated with long lived radioisotopes with a simple
compactor.

This procedure is practicable, needs low funding but depends upon
exact training and discipline of the staff.
3.7. Treatment and conditioning of non-combustible and non-compactible

wastes
Non-combustible and non-compactible waste contaminated with long lived

radioisotopes should be immobilized directly without prior treatment. For
this reason, the waste is filled into the waste drum and poured over with
cement grout. Examples for these types of wastes are sealed sources and
radium needles. The immobilization procedure is demonstrated in Figure 22.

4. IMMOBILIZATION AND PACKAGING

4.1. Immobilization
Safety assessment and overall safety considerations may motivate

immobilization of the waste in an inert matrix. Cement or mortars are
recommended as the chosen matrix for incorporation or encapsulation of the
wastes dealt with in this report.

The main reasons for using cementation processes are [12]:
- relative simplicity of handling;
- extensive experience in civil engineering operations;
- availability of raw material;
- relatively low cost;

high density (shielding) and mechanical strength of products;
compatibility of water with the matrix material.

The cementation process for nuclear waste immobilization, with and
without additives, has been commonly used on an industrial scale for several
years in different countries. For the preparation of cement grout or
concrete a very simple mixing machine, as shown in Figure 23, can be
applied.

From the various cementation processes available for waste
incorporation the grouting is, in particular, suitable for the types of
wastes dealt with in this report. The radioactive solid waste is loaded in
the container and the the voids are filled by a flow of fluid cement slurry
or grout. Vibration should be used to ensure good penetration of cement
around the waste. These techniques can be used for the following types of
waste e.g. compacted waste packed into a drum or a container so that void
space is left.
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FIG. 23. Simple concrete mixer.

Non-compactible waste, such as contaminated metal, glassware and
equipment packed into a drum or container can easily be immobilized by
pouring cement grout into the container.

If metallic waste is immobilized, the possible reaction between
certain metals (aluminium, zirconium) and the alkaline water of the cement
slurry or water diffused from the concrete in moist conditions yielding
gaseous hydrogen have to be considered. To overcome the problem it is
recommended not to seal the drums or containers gas-tight.
4.2. Packaging

The waste packages should meet the special requirements following the
waste management scheme applied, and in particular, the transport, storage
and disposal conditions. The main types of containers in use are steel
drums of different sizes (200 L, 400 L, 55 gallons1, etc.), steel drums
with concrete lining providing a certain shielding, large steel containers
and disposable prefabricated concrete containers.

1 55 gallons (US) = 208.175 L.
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FIG. 24. Drums used for the disposal of conditioned wastes.



F/G. 25. A 200 L and a 400 L steel drum.
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FIG. 27. Prefabricated concrete container.
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Dimensions: width 1 700 mm
high 1 405 mm
length 3 000 mm

FIG. 28. Prefabricated concrete coffin.

It is expected that developing Member States will choose the 200 L drum
as the standard package because it is:

readily available at low cost;
matching handling equipment is readily available;
acceptable as a Type A package for the purposes of transport.

Further, it is anticipated that in the majority of circumstances:
the waste package will not require shielding;
the waste package surfaces will be clean and uncontaminated;
individual waste packages could weigh up to 500 kg.

Figures 24 - 28 show a series of containers which can also be used in
developing countries for packaging their particular wastes.
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5. QUALITY ASSURANCE

5.1. General

The purpose of quality assurance/quality control measures is to
provide confidence that the objectives of waste management operations are
being met by the appropriate specifications of process, packaging and
disposal defined by the quality assurance/quality control (QA/QC)
procedures.
quality assurance: Planned and systematic actions necessary to provide

adequate confidence that an item, facility or person will perform
satisfactorily in service.

quality control: Actions which provide a means to control and measure the
characteristics of an item, process, facility or person in accordance
with quality assurance requirements.
Intrinsic and desired properties that need to be quantified, monitored

or otherwise assured have to be assessed for each management step. For
handling, transport and storage operations, the requirements mainly concern
safety of operators, security of the wastes from interference or theft and
the behaviour of the package under conceivable abnormal conditions.

The quality control measures which are necessary to generate data are
identified in reference [13] on qualitative acceptance criteria, which also
indicates where the control measure can be applied, e.g. in the operation
or commissioning of a process or in the development of a waste package
design. In this context it is emphasized that the type of waste and its
radioactivity content (low level, low toxic solid waste) should be
considered when applying the referred methods.

It is recognized by the IAEA that guidance on the quality assurance
for radioactive waste packages should be given to the conditioner of the
waste as well as to the competent national authorities.

However, the basic responsibility for achieving quality in performing
a particular task (e.g. in design, in manufacturing, or in the
commissioning and operation of a conditioning plant for high level
radioactive wastes) rests with those assigned the task and not with those
seeking to ensure, by means of verification, that it has been achieved.

The quality assurance in management of low level solid waste from
hospitals and institutions for developing countries by simple and economic
measures within the conditioning processes should therefore avoid the
sophisticated quality checking of the finished product. The design of the
preferred option and the means of controlling the limits in variations in
the feed of raw materials and the process conditions with the encapsulation
and immobilization operations should suffice for quality assurance without
the reliance for quality checking of the encapsulated product.

5.2. Acceptance criteria for waste packages
General qualitative acceptance criteria for waste packages consigned

to a low level waste repository are:
Radionuclide inventory
Radiation
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Mechanical behaviour
- Chemical durability
- Gas generation
- Combustibility and thermal resistance
- Free liquids

Explosive and pyrophoric materials
- Compressed gases

Toxic and corrosive materials
Physical dimensions and weights
Unique identification
Responsibilities and organization
Quality control

- Compliance with Codes and Standards.
These requirements have been presented and discussed in Ref. [13].
As regards storage according to Ref. [14] the waste acceptance

qualification conditions will include:
- maximum allowable weight per package

mechanical resistance for the stacking of packages (3 without
pallet and 4 with pallet is usually suggested)

- satisfactory corrosion resistance of the package metal
no loss of integrity after a drop test from a height related to
the package transport condition
sufficient resistance to a standard fire test.

The radionuclide content in the conditioned waste must comply with the
local regulatory limits (for example lower than 400 Bq/g of conditioned
waste). The radiation dose rate emitted by the conditioned waste packages
imposes severe limitations according to the admissible radiation exposure
to the personnel. Typically a dose rate at l m i 0,5 mSv/h direct
contact-handling is acceptedj otherwise, radiation protection features are
mandatory.

The on-line measurements may be performed at a waste processing and
storage facility (WPSF) on each completed package to determine the
radiological characteristics of the package and are likely to include,

total activity content (GBq)
- gamma radiation dose rate (mSv/h)

average value over the lateral surface contact and at l m from
the package

- peak value and location of hot spot areas, important for the
package transport and location in the storage building
outer surface contamination (Bq/cm̂ )
weight of the package.

In the case of external contamination, the package has to be cleaned
and rechecked before authorization for interim storage is given.

51



Waste packages identification should ensure that each of the completed
waste packages is uniquely identified from the time of production. Marking
and labelling should be performed according to local regulations and
adequate traceability of waste packages established.

6. STORAGE OF CONDITIONED WASTES

For developing countries with low isotope usage and little or no
generation of nuclear materials, storage is emphasised as the simplest form
of treatment applicable to solid wastes before disposal. For those
countries with much larger facilities, longer lived isotopes are produced
and used, giving storage a lesser role in treatment, but more importance
for the key stage of interim storage of conditioned wastes pending disposal.

The restricted quantities and low activity associated with the
relevant wastes will generally permit contact-handling and avoid the need
for shielding requirements in the stores. Exceptionally a small quantity
of wastes from some radioisotope production cells and from research reactor
cooling water treatment may contain sufficient short lived activity from
activated corrosion products to require some separate decay storage before
contact-handling is permissible. IAEA-TECDOC-653 [14] is a specific manual
on storage and the present Section summarizes the purpose of the report.

In most developing countries, the interim storage of conditioned waste
is likely to be long term (some ten years), while awaiting establishment of
a repository. Only conditioned solids in selected containers are suitable
for such lengthy storage.

The anticipated containers for the solid wastes are 200 L drums. It
is likely that there will be only a few of the alternate containers,
possibly for some larger contaminated metallic or other scrap. Ad hoc
arrangements should be made for the larger shielded containers.
6.1. Storage design

IAEA-TECDOC-653 [14] describes in some detail the design features of
storage, both for unconditioned and conditioned wastes. The report covers
the main design alternatives. Therefore, the following summary can be
limited to the primary potential alternatives of Groups A, B and C Member
States.

Interim storage of unconditioned and conditioned waste, especially for
Member States having a small nuclear research centre, has been proposed
through the erection of a simple hall on the groundsurface with a steel
construction and corrugated transit sheets covering the walls and the roof
(see Figure 29). The storage hall should be built above groundwater level
and not be reached by a potential flood or groundwater. Where this is not
possible, the building must be constructed with appropriate protective
systems to prevent the inleakage of groundwater. The capacity of a waste
storage facility should be designed for a period of 10 years. On the basis
of a total number of 1500 (200 litre) drums of conditioned wastes generated
after 10 years, a storage area of nearly 200 m^ should be included in the
planning, based on the assumption that drums are stacked 3 units high using
simple handling by a fork lift truck.

The possibility of capacity extension should be provided for in the
design of the facility.
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FIG. 29. Interim storage facility for conditioned waste in Chile (Lo Aguirre).

FIG. 30. Transportable container as interim storage for conditioned wastes.
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FIG. 31. Fork lift truck with drum damp slip.
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To prevent radiation exposure to on-site personnel, it is recommended
that the interim storage facility should be constructed away from waste
treatment plants or other buildings.

A very simple way especially for developing countries is the
application of a large transportable container normally used as shipping
container. Such large containers were also proposed for interim storage of
conditioned wastes in Ref. [15]. Storage using transport containers is
easily possible as an expedient or a longer term measure perhaps in
conjunction with a light building cover. Depending upon size, some 40 to
70 drums would be held serving as accommodation and security barrier.
Transport of the container and waste drums would always be possible
directly as a whole. Figure 30 shows a container loaded on a truck.

6.2. Storage operation
Solid wastes accepted for the conditioned waste store will have

previously passed through some type of waste treatment plant where the
opportunity existed to standardize on a single waste package type whenever
possible.

Handling equipment will need to be compatible with the store design
and the waste package characteristics, in particular, the radiation levels.

It is expected that the industrial fork lift truck with drum grab
attachment will be the most suitable method for handling this type of waste
package and placing it into the interim storage. A view of a fork lift
truck is shown in Figure 31.

Package storage is likely to be in stacks, rather than on racks or
mixed form. The choice depending on the requirements of retrievability of
individual waste packages and efficiency of space utilization.

The waste receipts can be programmed and they are nearly uniform, well
packed and robust intrinsically safe containers. The interim storage
objective is essentially passive for the long period pending removal
(probably in bulk) when the disposal repository is established. The large
single store is especially designed and almost certainly separately located.

The protracted period of operations makes necessary near permanence of
markings and records of contents and location of containers. Segregation
of waste types is desirable to aid in any unplanned retrieval revealed
necessary by periodic inspections for degredation of waste containers and
in case there are categories of waste to be placed eventually in particular
disposal repository locations.

A maximum allowable dose rate at the surface of each waste package
should be defined for specific interim storage buildings or parts of the
buildings :

- a low level storage with access by manual system;
- a shielded medium level storage with access by remote and

automatic device.

Usually, no drum having an average contact dose rate above 300 mSv/h
is accepted in a management system for low or intermediate level
conditioned waste.
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7. SAFETY ASSESSMENT OF SOLID WASTE MANAGEMENT

The hazards from c>*npaction of compactible solid wastes are likely to
arise from the misdirection" of packages which contain higher levels of
activity, damage to the containment fabric, loss of ventilation and the
remote possibility of a fault leading to a fire.

The hazard arising from packages containing higher levels of activity
would result from a breakdown of managerial controls on the recording,
monitoring and storage of wastes since production at source. It is
possible that if such a package were processed that there would be a
release of activity into the working area if the ventilation system were to
fail at the same time. However, as there are several checks both at the
point of origin and at the treatment facility, this is likely to be
considered as a very low risk hazard.

It is also possible that items directed for compaction could contain
significant amounts of liquids in bottles or absorbed on tissues and
collected in bags; compaction could release such liquids into the
ventilation system and in combination with a ventilation failure could
release activity into the working area.

The misdirection of items that are non-compactible into a compactor
could also give rise to a hazard. It could damage the compactor itself or
equally it could damage the container which is holding the compacted
material. If a damaged container were subsequently removed from the
compaction area, activity could again be released into the working area.

Operator hazards can also arise from a loss of ventilation during
compaction, when activity could be released into the working area. This
could be caused by extract fan failure, failure of pre-filters or HEPA
(High Efficiency Particulate Air) filters, ducting failure or a closed
damper in the system.

The risks described here can be minimized by correct segregation and
control measurements in the pretreatment step and by regular preventive
inspection and maintenance of the processing and ventilation equipment.
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