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ABSTRACT

The management of radioactive wastes is one area of increasing interest especially in
developing countries having more and more activities in the application of radioisotopes
in medicine ,research and industry. For a better understanding of radioactive waste
management in developing countries this work will discuss the following items:

• Classification of countries with respect to waste management programs.
• Principal Radionudieds used in medicine, biological research and others and the

range of radioactivity commonly used.
• Estimation of radioactive waste volumes and activities.
• Management of liquid wastes

'Collection.
* Treatment

• Management of small volumes of organic liquid waste.
* Collection
•Treatment

• Packaging and storage of radioactive wastes.
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INTRODUCTION

All other types (non radioactive) of hazardous wastes can be treated either chemically, physically or
biologically in order to reduce their toxicity. In the case of radioactive nothing can be done to decrease
their radioactivity and hence their inherent toxicity. The only means of ultimate disposal is time to
allow the radioactivity to decay.

The I.A.E.A Safety Series No 115( l) recommends that the Registrants and Licensees shall ensure
that the activity and volume of any radioactive waste that results from the sources for which they are
responsible be kept to the minimum practicable, and that the waste be managed, i.e collected, handled,
treated .conditioned, stored, transported and disposed in accordance with the requirements of the
standards ;and segregate and treats separately if appropriate, different types of radioactive waste
where warranted by differences in factors such as radionuclied content, half-life, concentration,
volume and physical and chemical properties taking into account the available options for waste
disposal.

Classification of Countries with respect to waste management programs

The Technical Co-operation Department of the IAEA , w unofficially classify Member States into
one of five categories or group
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Group A -Member States, which utilize radioisotopes at a few hospital locations with the waste
Containing only short-lived radioisotopes. Only one institute utilizes long-live
Radioisotopes.

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 center
Which is capable of indigenous production of several radioisotopes .

Group D - Member states with the features of Group C But, in addition, are constructing
and/or operating Nuclear power plants.

Group E - Member States that are involved in most or all of the Steps of the nuclear fuel cycle.

This classification provides a systematic approach within the Agency as to the type and scope of
activities within the waste management program that fits into the particular needs of a Member State.

Currently there are about 20 developing countries in the regions of Asia, Latin America and Africa
receiving assistance on various aspects of low and intermediate level waste management.

Table 1 provides a description of the waste sources and composition for classified Member States

Table 1

Radioactive waste Sources , composition and Radioisotopes content generated by

Category
Waste

Sources

Waste
Composition

Group A

Few
Hospitals,
University,
Industry

Paper,
Plastics,

Scrap, Vials,
Sealed
Sources

Carcasses,
Liquids

.Effluents

Group B

Several
Institutions

from the
whole

country

Group C

Nuclear research
Center,
Research
Reactor, Mining

Milling

Ion Exchange
Resins, Sludge

Spent Fuel
Elements, Filters

Group D

Nuclear
Power

Plant(s)

Nuclear
Power
Reactor
Wastes

Group E

Fuel Fabrication
Enrichment

Reprocessing

Fuel Fabrication
Enrichment

Reprocessing
Wastes

We can see a certain logic for the grouping of countries into a particular category in terms of
waste sources and composition
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The Application of Radionuclides.

The application of radioactive materials in medical diagnosis ,treatment and research is extremely
important. In many instances alternative methods are not available. The actual 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 within the Manual of
Radiation Protection in Hospital and General Practice from the World Health Organization ( WHO )(3)

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 application of radionuclides in medicine, scientific research establishment, universities
and industries is continually expanding. Table 2 and Table 3 list those radionuclides commonly
employed together with their half life and give application in the above mentioned establishment. The
Tables can only refer to the principal radionuclides and their applications

Table 2
Principal Radionuclieds used as Open Sources in Medicine, Biological Research and others

Radionuclide
3H

I4C

32p

3 5 S

5ICr

59Fe

75Se

*TCm

IUIn

I25I

I31j

121Tem

Half-life
12,3 a

5930 a

14,3 d

87,4 d

27,7 d

44,6 d

119,8 d
64 h

6h
2,8 d

60 d

8d
154 d

Principal Application
Clinical measurements

Biological Research
Luminous Articles

Biological Research
Labelling

Clinical therapy
Biological Research

Clinical measurements
Biological research

Clinical measurements
Biological research

Clinical measurements
Biological research

Clinical measurements
Clinical measurements

Biological research
Clinical measurements
Clinical measurements

Biological research
Clinical measurements

Biological research
Clinical measurements

Waste product from I31I production

Range of Activity
~ 0,1 mCi

~ ICi

~ 10 mCi
~ 0,5 mCi

~ 5 mCi
~ lmCi

~ 0,1 mCi

~ 0,1 mCi
~ 5 nCi
~ lmCi

~ lmCi
~ 50 uXi

~ lOmCi
~ lOmCi

~ lOmCi

~ 10 - 100 mCi
1 -10 Ci



Table 3

Application of Radionuclides as Sealed Sources in Indus try , Medicine and others

Radionuclide
^Co
137Cs
192Ir

3 2 6Ra

32p

8 5Kr
^Sr
210pQ

2I4Sb
^ R a
a7Ac
B9Pu
^'Am

Half-life
5,3 a
30 a
74 d

1600 a

14 d
10,8 a
28,5 a. ,
138 d

1600 a
22 a

24000 a
433 a

Category of Source
Gamma

Beta

Neutrons in Combination with Be
with Be

Ionization

Application
Industrial, Radiotherapy

Clinical Therapy,
Sterilization

Foil Thickness
Measurements

Activation and others
Studies

Foil Thickness
Measurements, Smoke

Detector

The Volumes and Types of Untreated Radioactive Wastes Generated in Developing Countries
Belonging to Group A, B and C.

All operations with radioactive materials will result in the production of marginally, in most cases
with short-lived radionuclides contaminated solid and liquid wastes. The volume of radioactive waste
produced by individual users of radioactive materials 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, and the degree to which the individual user has been trained
in the techniques of application and measurement.

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.

All countries have some form of national regulatory control over the use of radioactive materials and
the subsequent management of the generated radioactive waste.

Table 4 shows a detailed display of the untreated liquid effluents and untreated solid wastes, that are
expected annually from the Member States in either group A, B or C.

The volumes and activities are averages and based on realistic data obtained from different
developing countries on the same technical level. The volumes are sphtted into five categories: three for
liquid wastes, and two for solid wastes.
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Table 4

Annually Estimated Untreated Radioactive Waste Volumes and Activities Generated in Countries

Belonging to Group A , B and C w

Group A
Group B
Group C

Liciuid Effluents for

Decay,
Dilution,

Discharge

m 3/a Ci/a
5-10 1
10-50 5
100-400 10-50

Treatment

mVa Ci/a
—

1-5 0,1
50-100 5-10

Direct
Conditioning

m 3/a Ci/a
—

0,1 0,01
0,5 0,1

Solid Wastes for

Treatment

m 3/a Ci/a
10-20 0,5
50 1
50-100 1-2

Direct
Conditioning

m 3/a Ci/a
1-5 103

5 2xlO3

10 5x 103

Most of the liquid effluents are directed for decay, dilution and subsequent discharge. All these
effluents are generated in the different establishments during handling and manipulation with short live
radionuclides. They fall in the first category. Most of the short lived radiolsotopes contain in the
effluents are listed in Table 4. A smaller part of the liquid effluents is in category two. These effluents
are contaminated mostly with long lived radioisotopes or Uranium and thorium with their daughters.
They are generated from uranium and thorium processing in laboratory and pilot plant experiments.

Effluents containing Te-isotopes with a relatively longer half life are generated from processing of
irradiated TeO2 largely for Iodine production too. Other sources for liquid effluents containing long
lived radioisotopes could be sump water and decontamination effluents that are generated in research
reactor buildings. These effluents can be normally contaminated by fission and corrosion products.
Special attention should be given to very small volumes of liquid effluents from category three
containing higher specific activity concentration of longer lived radionuclides like fission products
resulting from smaller laboratory experiments and solutions containing 14C and Tritium.

Besides the just described aqueous waste solution a relatively small volume of liquid organic waste
solution is generated at some places. Three types of liquid organic waste should be distinguished.

• Contaminated oil containing very small quantities of beta/gamma emitting radionuclides.
• TBP, diluted usually with a high saturated hydrocarhon as extraction solvent. This waste

usually contains uranium, thorium and their daughter products.
• Scintillation liquids e.g. toluene, p-xylene, dioxane, are used mostly for measuring 3H, '4C or

other radioisotopes.

The total volume of all organic wastes is in the range of 50 to 100 I/a depending from grouping of the
Member State.
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A complete different type of solid waste represents an encapsulated quantities of certain
radionuclides housed in shielded assemblies which are extensively used for various applications in
hospital, industries and research institutions

The individual radionuclide is present in a very concentrated from, the total amount of activity being
dependant upon the application and the nature of emission from the sources. The most used sealed
sources are listed in Table 3.

Other so-called, problem wastes are radium needles applied in former times in hospitals and
oiologica! material from studies of metabolic pathway, using animals. The animals may be sacrificed

at various siages of the work, resulting in radioactive excrement, carcasses and bedding.

Countries operating a small research reactor for radioisotopes production are obliged automatically
with the generation of spent ion exchange resins. Although the generated volumes are relatively small
handling and conditioning of spent resins cause some problems due to higher activity level.

A summary of the principal types of radioactive wastes generated in countries belonging to group A,
B and C is shown in Table

Table 5

The Principal Types of Radioactive Waste Generated in Developing Countries

Waste form
Liquids ,Aqueous

Liquids ,Organic

Solids, Compactible
Solids, Combustible

Solids, noncombustible,
noncompactibSe

Waste Composition
Laboratories
Hot cells (isotope production)
Fuel Storage pool (research reactors)
Decontamination Campaign
Sumps
Rinsing Water
Mining and Minning (laboratory and pilot
plant scale)
Extraction Experiments with Uranium and
Thorium
Oil from pumps etc.
Scintillation liquids
Extraction Solvents (TBP/ Kerosine ,Amine
etc.
Tissues
Swabs, Paper ,Cardboard ,Plastics (PVC,PE)
Rubber ,Gloves, Protective Clothes, Filters
Ion Exchange Resins(Research Reactors)
Carcasses, Excreta.

Glassware, Metallic scrap ,Brick work,
Sealed Sources, Radium Needles
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Management of Liquid Wastes

From the point of view of treatment and disposal of liquid wastes, it is necessary that the licensing
authority fix a limit on the activity level of the liquid for a particular location and facility, below which
it can be considered as acceptable for disposal to sewers and drains. This limit will depend upon the
nature of the sewer system, local regulations and the kind of work being done. Once this limit is fixed
the volume of liquid radioactive waste which has to be handled may be reduced considerably

In evaluating the impact of direct disposal, the radioactive-materials co-ordinator must identify the
possible exposure routes for employees such as sewage workers, as well as the degree to which the
element or compound is likely to be reconcentrated or dispersed in the immediate environment and the
consequent exposure of individuals or groups. Individual users should keep the radioactive content of
liquid wastes generated in the laboratories to the minimum.

To avoid problems in subsequent treatment liquids should be segregated into aqueous and non-
aqueous categories.

Liquid-Waste Collection

For small volumes of liquid waste which are unsuitable for disposal into the sanitary system or the
active drain system because of activity level or half-life, plastic containers from different volume
contents or size can be used.

Glass bottles may also be used where organic solvents are present, which would attack the plastic,
but the general use of glass is not recommended.

If the volume of low-activity waste is too large to be conveniently handled by means of small
containers, a retention tank system may be employed. The volume of these tanks will be dictated by the
waste-generation rate, time required for analysis, and the rate at which the tank may be emptied, either
to the sanitary drain system if permissible, or to treatment facilities if required.

In some circumstances, where only short-lived radionuclides are involved, decay time may be a
factor in sizing. Two tanks should always be provided. When one tank is full, flow is diverted to the
other, while the contents of the first are sampled and monitored for radioactivity level. It is also
advisable to interconnect the tanks so that any overflow from one automatically spills over into the
second. Materials of construction may be carbon, stainless steel or plastics, depending on the chemical
characteristics of the waste. The use of mild steel tanks lined with, plastic or chemically resistant
coatings has been shown to be very practical. At this point it should be pointed out that all radioactive
wastes, liquid and solid, must be characterized very accurately, particularly if the waste is to be held
for decay storage, or if it is to be processed and disposed of by someone other than the individual waste
generator.

Treatment of Liquid Effluents.(4 •* >

As indicated earlier all liquid wastes containing radionuclides with short half-lives should be stored
for a sufficient time. This will enable their discharge to the local sewers when the final^sfeatylevel of
the liquid permits such discharge.
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Chemical treatment of liquid effluents containing long-lived radioisotopes is the mostly favored
method for the treatment of liquid effluents from research establishment or small Nuclear Research
Center.

This treatment method for liquid effluents is recommended especially for Member States belonging
to Group C.

Most of the chemical treatment methods involved in radioactive waste treatment are adaptations of
standard water treatment practice and have been extensively used for processing large volumes of
slightly contaminated wastes using equipment designed for continuous operation.

It is feasible to utilize batch chemical treatment where the volulmes involved are small and where
the nature of the wastes points to chemical treatment as the best method. It is suitable for application
where the required reduction of activity in waste is small. Generally, not more than 90% removal of
activity is achieved when a mixture of radionuclides is present in a liquid. If it is possible to select and
optimize the process for a single radioactive species, however, much better results may be achieved.

Chemical precipitation methods(6) based on the coagulation flocculation-separation principle are
mostly used for the treatment of liquid effluents.

Commonly used coagulants are aluminum and iron salts, lime and soda ash, etc. For removal of
specific isotopes, special methods are available, for example copper or nickel ferrocyanide is found to
remove almost all the caesium activity from liquid wastes.

More detailed description of several precipitation processes for the treatment of liquid effluents is
also given in a separate lecture in this training course.

The principal advantages of chemical treatment are:
* The relatively low cost
* The ability to handle a large variety of radionuclides as well as non-radioactive salts in

solution and solid matter in suspension
* The treatment procedures are based on well-proven ,conventional plant and equipment
* At least in batch processes it is relatively easy to change the chemical precipitants

in order to accommodate changes in the composition of the liquid feed.
* Big liquid flows can be handled economically

• The process allows the separation of activity from inactive solutes which may have a larger
bulk.

The precipitation process produces a sludge as a result of the reactions taking place during
chemical treatment steps: Chemical treatment have always to be connected with physical methods for
separation of sludge and liquids. Various possibilities are conceivable e.g. sedimentation and
decantation filtration or centrifugation. Which of these techniques should be applied depend on the
volumes to be treated, on the quality of the precipitates on technical feasibility and of course with the
availability of funds.

To give an example Nuclear Research Centers generating liquid effluents in the range of up to 100
m3/year, simple sedimentation and decantation technique should be the suitable process for separation of
sludges and liquids.
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On the other hand, the procurement of a filtration unit after a series of bad experience with
sedimentation should be not a big problem. Normally filtration equipment, for this purpose are not so
expensive. It should be pointed out at this place that a considerable amount of laboratory work is
required to determine optimum precipitation and separation conditions. The results of these experiments
should also give the answer if a filtration equipment is necessary and justified or not.

Depending upon the annually radioactive effluents volume generated in the Center and other sources,
the capacity of a precipitation plant can be designed to handle the liquid waste loads expected to be
generated. Shielding of the precipitation plant is not required due to the relatively low activity level of
the effluents to be processed.

After decantation or filtration the clear solution will enable their discharge to the local sewers when
the final activity level of the liquid permits such discharge.

Sludge resulted from precipitation have to be conditioned for transport, storage and disposal. Different
methods for immobilizing sludges and other radioactive concentrates are known.

Cementation and bituminization are the two methods that have been extensively used throughout the
world for many years. Due to relatively small volumes of sludges generated in a small Nuclear Research
Centre, cementation is the sole recommendable solidification process.

The cementation process for nuclear waste immobilization has been commonly used on an industrial
scale for several years in different countries

We recommend the in-drum mixing cementation concept since this process is very easy to maintain.
In this process, cement and sludge are fed separately into a container which is also the final shipping
and storage container. The components are mixed until homogeneous mixture is obtained. After mixing
the cement composite is allowed to set. The container is then monitored and quality control checks are
made in the package before it is removed for storage. The investment cost for an in-drum mixer is
relatively less. The mixer can also be used for some other waste streams such as concentrates, ion
exchange resins, liquids, etc..

The Management or Small Volumes of Organic Liquid Wastes.

The operation of a nuclear research center generates also a variety of small volumes of low-level
liquid organic radioactive waste as already mentioned. Several processes are developed for treatment
and conditioning of organic liquid wastes/ 7 '8 D

For small volumes (50 - 100 1 annually) only one method can be recommended that is absorption.

Absorption. The treatment of organic liquid radioactive wastes with absorbents(9) provides a
simple way of converting the liquid to a solid form. As long as there is a moderate excess of absorbent
there is no need even for mixing; the waste liquid can be added to the absorbent in a suitable container
and eventually all the liquid will be taken up. Many absorbents are available varying from very simple
materials such as sawdust to complex alkyl styrene polymers.

The following six main categories of absorbent appear to be commonly used
* natural fibre (sawdust, cotton
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synthetic fibre (polypropylene)
vermiculite (mica
clays

diatomaceous earth
imbiber beads (alkyl styrene polymer).

The use of absorbents to solidify organic liquid wastes produces a wasteform which varies from
loose dry particles to a jelly-like solid. The wasteforms have no compressive strength and are only
restrained from dispersing by the container.

As shown in table 6 , the absorption efficiency of the various products can vary by about a
factor of 2 to 3 and the volume increase resulting from the use of absorbents could be up to almost
300%.

The suitability of absorbents alone as solidifiers for organic liquid wastes is moderate; their
efficiency is adversely affected by the presence of water or other ionic contaminants.

The use of absorbents is probably the simplest process that can be adopted to convert liquids to
a solid form and is practiced extensively in many areas.

Table 6

Performance of Absorbents for Organic Liquids

Product

Natural fiber
Synthetic fiber
Clay
Diatomaceous earth
Vermiculite
Imbiber beeds

Absorbency
L waste / L sorbent

0,90
0,80
0,60
0,65
0,35
4,00

% Organic
by Volume

47
44
33
40
26
80

% Volume
Increase

111
125
167
154
286
25

Cementation

Cement alone is not very effective for the solidification of organic liquid wastes. Typically, only
about 12% oil by volume can be incorporated into cement and still have a waste form that is dry and has
reasonable compressive strength. However, the use of suitable wetting agents allows significant
increases in waste loadings to be obtained. Mixtures of cement and emulsifying agents give enhanced
solidification of organic liquid wastes particularly if the waste is multi-phased, i.e. oil/water/solvent

Several processes are developed on the basis of emulsifier and cement. They yield solid
wasteforms with organic liquid radioactive waste loadings of between 30-50% by volume. At this
loading, the wasteforms have relatively high compressive strengths and the waste loading could be
increased if lower compression strengths are acceptable.

Absorption and Subsequent Cementation

In this approach instead of emulsifying the organic liquid waste it is fixed with an absorbent to
produce a dry solid which may then be incorporated into cement. Waste forms produced in this way
could contain up to 56 % organic waste by volume. The usual procedure is to saturate the absorbent
with the organic liquid then mix this with cement and sufficient water to hydrate the cement. If the
organic waste already contains water it may not be necessary to add further water, however if the water
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content is not enough to adequately hydrate the cement the resultant waste form will have poor
comprsssive strength.

Cement solidification of radioactive organic liquids whether using emulsifiers or absorbents is a
process which has been developed to the commercial stage. The technique may be adapted to either
batch or continuous processing and equipment requirements for low-level wastes can be restricted to
fairly simple mixing apparatus.

The three conditioning methods previously described can be applied especially for contaminate oils
and lubricants further for TBP containing solvents and other extraction agents.

Depending on the composition of the organic liquids, individual or mixed, immobilization should not
be started till laboratory experiments have found out the best immobilization conditions.. Some recipes
can be found in the literature .

Natural Evaporation

A very simple method for disposal organic liquids evaporation. Especially scintillation liquids and
other organic liquid compounds with low boiling point can be easily reduced in volume by standing in
the atmosphere. This method needs some precautionary measures and permanent control. The residues
can be immobilized by methods previously described.

Management of Solid Wastes

Collection of Solid Wastes

In order to facilitate their subsequent handling, treatment and disposal, it is strongly recommended
to segregate solid wastes at the point of origin. The best method would be to categorize materials into
two groups, i.e. (1) compressible and combustible, and (2)
non-compressible and noncombustible. It is essential to segregate inactive trash from active wastes, so

that the volume and weight of active wastes handled will be comparatively small. 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 are produced, they should be stored
separately for treatment.

Refuse cans with foot-operated lids 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.
Such containers may be used for collection of combustible-compressible wastes.

For non-combustible, non-compressible waste such as broken glassware, metal pieces, etc., which
require a stronger container, cans made from paste board may be used advantageously.

Plastic bags and cans, when taken out of the laboratory, should be loaded in stabile 200 1 drum and
transported to the interim storage for decay or to the treatment plant.

Treatment of Combustible and Compressible Waste

Several methods are available for the treatment of radioactive solid wastes. Procedures depend upon
the type of material, activity level, half-life of the radionuclide contained in it, the radiotoxicity, and the
maximum permissible concentration of activity release fixed by local authorities.

As already mentioned before most of the radioactive solid waste contains small amounts of short-
lived radionuclides. After activity decay the waste can be handled as inactive waste. A smaller part of
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radioactive solid waste generated in a Nuclear Research Centre is contaminated by long lived radio-
isotopes.

The generated volumes are in the range of 50, may be 100 m3 / a .More than 90 % of this waste is
combustible or compressible. In this case it is worth while to use a compaction process.

Volume reduction of solid wastes by compaction aims essentially at an increase in the overall
density of the waste material. 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.

Low pressure compaction techniques, applying forces up to about 1001 are mainly utilized in such
cases. A typical application of the low-pressure compaction technique is the simple compression of bags
of trash into a 200-liter drum or another suitable package. Implicit in the design of such a device is the
requirement that adequate containment and off-gas treatment is provided to meet safety criteria. Volume
reduction factors obtained depend largely on the waste material and the pressure applied, but in general
are between 3 and 10.

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 well suitable
for the subsequent immobilization and disposal. On the other side 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 concentration, 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 which are related with 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 Group 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 40kg/h would only be
in operation for 30 days annually on the basis of an eight hour shift per day and a 50 - 100m3

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 40kg/h capacity, it must be estimated that more than
US$ 300 000 are necessary only for equipment. Not included in the just mentioned funds are the
construction 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
Group A, B and C are:

• reducing the generati6n of contaminated material
• strong segregation of active and inactive trash
• compaction of combustible and compressible waste with a simple baling press.

This way is very realizable, needs low fund but strong training and discipline of the staff.

Treatment of Nonccmbustible and Noncompressible "Waste

Non-combus»:bls and non-compressible waste contaminated with long lived radio isotopes should be
immobilized direci!y without previous 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

Another so ca1led "problem waste" in Member States are animal carcasses or other biological
material contaminated with radioisotopes. For collection, transport and temporary storage of all kinds of
biological material, packaging in plastic bags or foils and subsequent storage in a deep freezer is
recommended.

Materials contaminated with short-lived radjoisotopes can be buried after decay. One possibility for
disposal of biological material contaminated with long-lived radioisotopes is treatment with CaO and,
after packaging in a drum, the material is poured over with cement grout. Another alternative for
managing this type of material prior to disposal is treatment with concentrated formaldehyde for some
time and subsequent embedding in cement grout. This system of collection, transport and temporary
storage of biological material needs several deep freezers

The Treatment of Ion Exchange Resins

After their useful life, ion exchange resins have to be replaced. "End of useful life" for bead resins
means that their regeneration ability is significantly reduced and if no regeneration is intended that their
exchange capacity is dramatically decreased.

Spent ion exchange resins are generated mainly during continuous clean-up of reactor coolant and
spent fuel storage pools of research reactors. The amount of spent resins generated in research reactors
are around some hundred liters to 1 m~ annually.

The main activity fixed on spent ion exchange resins used in research reactor is ^ a , Al. The
activity concentration is in the range of some hundreds mCi/m3. The spent resins have to be treated to
obtain a waste form which is acceptable for final disposal. After an appropriate time of storage for the
decay of short-lived radioisotopes, the relatively small volume of spent resins should be immobilized
direct with cement or partially together with other concentrates like precipitation sludges.

The last method results in an improved product because the resin content in the cement product reach
only a few volume per cent.

The technique of immobilizing radioactive concentrates in cement by an in drum mixer has already
been described previously.
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Packaging and Interim Storage of Unconditioned and Conditioned Wastes in Member States
Belonging to Group A, B and C

When radioactive waste has been generated at different places in nuclear facilities, it must be
packaged and transported to an interim storage place to permit subsequent treatment and/or
conditioning. For short-term packaging and transportation of unprocessed wastes from the place of
origin to the interim storage place or to the treatment facilities, a series of containers, boxes, packaging
devices and special vehicles should be available in an integrated waste management system.

Steel drams can normally be used as shipping cask for collection and transportation to the interim
storage or direct to the treatment facilities. They should be covered with a coat of paint to simplify
decontamination and make the drum resistant against acid and alkaline attack.

Special arrangement must be made for contaminated bulky waste. To avoid contamination, the bulky
objects should be packaged in plastic foils. Exhaust air filters should be packed in plastic foils
individually and transported to the treatment plants or interim storage in special transport containers.

For transportation of all kinds of packaged wastes, it is strongly recommended to have a suitable
fork lift truck. A small Nuclear Research Centre should also consider having available specially
designed waste trailers that can be easily moved by the fork lift truck. The floors in nuclear
installations, treatment facilities and interim storage areas should be designed for a maximum loaded
fork lift truck.

When the waste has been treated and immobilized, it will be packaged in suitable containers for
subsequent of transportation, interim storage and disposal.

Various types of containers with different shapes, sizes, materials and construction are in use(lo:>.
The inner volume ranges from some hundred liters to several cubic meters and the loaded weight of the
package from some hundreds of kilograms to tens of tons. The materials employed are usually mild
carbon steel and concrete with wall thickness from about one to hundreds of millimeters.

At the moment three types of containers are in consideration for packaging of radioactive
conditioned wastes in Member States belonging to Group A, B or C.

Conditioned waste with a dose rate on the surface of up to 200 m rem / h, is normally packed up in
200 1 drums or 400 1 drums.

If radiation doses range up to 2 rem /h, 200 1 drums may he inserted into 4001 drums and the space
between the drums filled with concrete thus creating a small shielded shipping container.

A relatively small part of the waste produced in nuclear facilities, i.e. ion exchange resins from
cooling water purification, could generate external radiation doses on the surfaces of the drums around
2 and more rem/h after conditioning. These drums cannot be handled, stored or shipped without
shielding. For these cases special non-reusable concrete containers are recommended. The 200 1
metallic drums filled with conditioned wastes are inserted in these containers and covered with concrete.
When packaged in this way they are regarded as low level waste.
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After the waste lu* teen immobilized the waste packages are normally put in an interim storage
facility for period of da;, s or sometimes for many years. The main reasons for having an interim storage
of the wastes are usual; because a repository site is not immediately available. Also, interim storage
can be used to take advantage of the activity decay with time, thereby facilitating later handling,
transport and disposal OJ. the wastes; Until repositories are available, the country's interim storage
facilities for conditioned waste can be developed in several different ways.

A very simple way ..specially for Member States belonging to Group A and B is the application of
large transportable concainers normally used as shipping containers Fig. 2. The container could be set
up at a suitable place, i.e. at a centralized collection site or in a small Nuclear Research Centre.
Depending on the size of the container between 40 and 70 drums could be stored per container.

The container also serves as a barrier against unauthorizing contact with the waste. Later on, when a
repository is placed into service, the container, including waste drums, can be transported directly to the
repository without additional reloading step.

Naturally these containers can also be used as a place for temporary storage of waste, contaminated
with short-lived radioisotopes for decay or untreated waste waiting for further treatment.

Another solution for interim storage of unconditioned and conditioned waste, especially for Member
States having a small Nuclear Research Centre, is the erection of a simple hall on the ground surface
with a steel construction and corrugated transit sheets covering the walls and the roof. The storage hall
should be built above ground water level and not be reached by a potential flood or ground water. The
capacity for the waste storage facility should be designed for a period of 10 years.

Approximately 15 to 30 m3 of conditioned wastes, corresponding to 75 to 150 drums, will be
generated per year in Member States belonging to group C. On the supposition that the generation of
waste in a small Nuclear Research Centre will be approximately constant during 10 years, the
estimated volumes of conditioned wastes after this period are in the range of 150-300 m3

corresponding to 750 to 1500 (200 L) drums. Considering a total number of 1500 (2001) drums after
10 years, a storage area of nearly 200 m2 should be planned, based on the assumption that drums are
stacked 3 units high. Stacking 4 units high results to a smaller area of nearly 150 m2. The possibility of
capacity extension should be provided for in the design of the facility.

To prevent radiation exposure to on-site personnel, it is recommended to construct the interim
storage facility away from the waste-treatment plants or other buildings.

At the end of the interim storage period the waste containers must be capable of being identified,
retrieved and transported to the final disposal site.

By way of conclusion it can be summarized that the management of radioactive waste in Member
States belonging to Group A, B and C which includes all steps as

• collection
• treatment
• conditioning
• packaging
• interim storage should not be a problem and can be solved satisfactorily based on technology

which is simple and well demonstrated. The cost of the equipment should be consistent with the
economic and social structure of the Member State.
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