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In general, the management of radioactive wastes is

composed of three phases :

(1) decontamination and concentration,
(2) conditioning,

(3) storage or disposal.

1. Decontamination and Concentration

For many types of wastes it is possible to separate the nan radioactive
bulk material from a "concentrate" which contains the radioactive
components of the original waste.
The separated "non-radioactive" or purified part can be released in -
to the environment, subject to the authorization of the relevant
safety authorities. The "concentrate" is further conditioned
in view of its storage or disposal.

Many techniques for the decontamination and ooncantration of low and
medium active wastes have been developed and satisfactorily operated.
Liquid effluents can either be treated chemically, by ion exchange, by
evaporation or'by a combination of these techniques. Coiisustible wastes
can be incinerated or baled. Gaseous effluents are filtered using mecha-
nical or adsorption filters

The technology for the concentration and decontamination of effluents is
well-known although, like most other human activities, it is still
possible to improve their application, e.g. by further integration
with the other steps of the fuel cycle or by making them cheaper.. .

2. Conditioning

Contrary to many other industrial activities, nuclear industry has,
from the very start of its industrial development, recognized the
necessity for proper conditioning of wastes and waste concentrates,
i.a. to transform them into a form suitable for storage or disposal.
Important and successful efforts have been and are being made
to attain the latte? objectives.



In general, the selection of a proper conditioning system should be
based on the following essential factors :

- the composition of the wastes : the selected conditioning process
should be compatible with certain components or other properties
of the material, such as radiation intensity or heat generation
of the radioactive material to be conditioned;

- the specific solubility of the contained radioactive compounds,
their radiotoxicity and their half-life;

- limitations as to the volume of the conditioned material: it is
recognized that the final volume of conditioned material often
constitutes an important cost factor in transport, controlled
storage or final disposal.

However there are intrinsic limitations to volume reduction
because of growing shielding requirements during handling and
transportation and, in the case of highly radioactive wastes,
problems of heat dissipation;

- the properties of the receiver environment (ocean, deep or

shallow burial grounds ....) and, in particular the capacity

of the environment to receive radioactive substances with a

given leaching rate and possible Interactions between the

environment and the disposed material, e.g. through corrosion.

The preceeding are very general factors among which nuclear waste

management tries to define an optimum line taking into account the

basic safety requirements and economic possibilities.

Conditioning of Tow and rcedium active wastes

The term "low and medium active wastes" covers a.o. a very wide range of
wastes f ran fuel fabrication, reactor operation and reprocessing.
It covers in fact all radioactive wastes with the exception of typical
high level wastes frcm reprocessing and certain structural or functional
parts of the reactor core which are either separated during reprocessing

(e.g. hulls and other structural parts of the fuel assembly) or removed
separately from the reactor core (control rods and rods containing
burnable poisons).
Ansng the low- and medium activity wastes, a further distinction will be
made with respect to their content in very long lived alpha emitters.
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Ihe existing conditioning processes can be grouped as follows :

- Mixing or packing the wastes witii concrete.
This is the oldest process and it is still very widely used. It»
"disadvantages" that have been found in the past, such as
volume and leachability of the final product, loss of mechanical
integrity due to weathering, poor compatibility with certain

waste components/ have been closely studied and this
has lead to improvements, such as coating of the concrete surface,
chemical preparation of the wastes before concreting, use of

cerent-polymer mixtures, etc (1).

The major advantage of the processes based on concreting is

certainly their simplicity and the fact that the conditioning

operation can be carried out at roan temperature;

- Coating of waste concentrates with bitumen (2).

This process applies essentially to concentrates resulting

Iran precipitation, evaporation or combustion. It is characterized

by the fact that the radioactive particles are dispersed in bitumen

and individually coated with a thin layer of bitumen. The elution rate
•"6 "2 «Iof the final product is very low (in the order or 10 g.cm .day )

and no more than one order of magnitude higher than the well-known
boro-silicate glasses.

The advantages of the bituminization processes have been recognized
essentially by the fuel cycle industry and several research centers.
However, the process of bituminization cannot be applied universally.
It is generally recognized that the radioactivity of the final
product should not be higher than 1 curie of mixed fission products
per liter and the content of nitrate should be kept low.
The process has been fully applied in the S.C.K./C.E.N. installations
at Mai for low level wastes since 1964 and has been applied for
medium level reprocessing wastes at Marcoule (1968), EURXHEMIC (1978),
in the U.S.S.R. and in several other places.
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- Coating with thermosettlng resins (3)

As for bituminization, the insolubilisatlon of the radioactive

substances is achieved by dispersion of the material in a

plastic matrix and coating of the indivisual waste particles.

One process has not yet attained the same level of demonstration

as bituminization; however it shows very promising features with

regard temperature - which is not higher than the temperature of the

thermosetting polymerization process - and resistance of the

end-product to higher radiation doses. Consequently, one can

expect that the process can be applied for waste materials of

higher activity level.

- High temperature incineration and melting (4)

Recently a new process has been put into operation at the

S.C.K./C.E.N. laboratories In Mol for low activity wastes.

Ocnibustible wastes, together with sludges from liquid effluent

treatment and a certain amount of non canbustible material are

incinerated at a temperature of about 1500°C. The "ash" is renoved

in the form of a molten slag which solidifies in the form of

granules (Fig. 1, 2).
—8 —2 —1

The leaching rate of the slag is of the order of 10 g.cm .day .

An adequate gas purification and heat recovery system has been

added to the incinerator.

The system has been in operation for a few months. It has now

been decided to adapt it to the working conditions required for

alpha contaminated material.

It is certainly not our intention to advocate the exclusive use

of only one of the previously mentioned processes. None of them are

really ideally suited to treat all types of wastes produced by a

complex nuclear prcxjieinie. However a canbination of processes can be

selected which offers optimum conditioning of all wastes, taking into

account the above mentioned factors : properties of the waste materials,

quality of the environment and adequate restriction in the volume of

conditioned n»f»»-i*l.

I
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Conditioning of high level wastes

High level liquid wastes (HEW) resulting from reprocessing are
conditioned by so-called "vitrification" processes. The liquid

wastes, also containing high concentrations of nitric acid and
other non active canponents, are denitrated and progressively

heated to temperatures of up to 1.000°C with addition, at the
right stage of the process, of glass forming materials.

In many places several variants have been developed with regard

to the composition of the glass and the technological system and

sequences of operations.
A demonstration unit, using reprocessing effluents, is in use at

Marcoule (AVM) (5). Other demonstration units are going to be built

as part of the FRG-progranme on high level waste management (PAMELA) (5)
and the British programme HARVEST. (5).

Questions now arise concerning the long term behaviour of the glass;

these questions also include suggestions as to new variants to be
developed.

Without minimizing the importance of the questions it should

be recognized first that the solidification of the liquid high

level wastes in the form of an insoluble borosilicate glass is an

enormous step towards the improvement of long term safety and protection;

second it has not been shown today that partial recrystallisation in the
glass would lead to unacceptable situations when the glass is stored.
Furthermore, if ever required, an annealing treatment of the packed

glass -blocks could be carried out before they are transferred
to geological storage. Hie important thing is to demonstrate

the behaviour of the glass in the geological environment and to

quantify the influence of possible mechanical damage in the glass
on the overall safety of the storage situation.

t'"

The fact that, in the future, other materials or other processes
can perhaps be developed should certainly not be a sufficient reason
to delay the application of the conditioning processes that are now
available.



7.

Taking into account the various processes that are now available

in the field of waf j& conditioning and arisings of waster, we have

tried to evaluate the amounts of radioactive concentrates that will

be produced in Belgium annually, for two levels of nuclear power

installed :

- 1.650 Mtf(e) which is the power-level installed at present,

- 5.450 MW(e) which is the level which has been decided on and

should be in operation by about 1983.

The figures are based on information that has been exchanged as part

of the INFCE programme, and also on local experience and prospects

as to the future application of conditioning processess in this country

(Table 1).

Table 1 : Expected quantities of conditioned radioactive wastes

f

Origin and charac-
terization of waste

1. Fabrication U-fuel

2. Reactor operation

- medium active

- high active

3. Reprocessing

- low active

- medium active

- high active

4. Fabrication Pu-fuel

5. Miscelloneous low
active wastes

Conditioning
process

bitumen or
concrete

bitumen or
concrete
bitumen or
concrete

. bitumen

bitumen or
glass

glass

glass or slag-
melt

bitumen

Annual volume (m )
of conditioned material

1.650 f*?(e)

3,5

240,-

1,2

58,-

53,5

11.5 j

750,- i

i 5.450 Mtf(e)

i 11,5

i 800,-

3,8

191,-

176,5

16,-

38,-

750,-

f>

l 3
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Olie real volvme of conditioned vastes will finally depend upon

the node of operation of the nuclear facilities and the further

evolution of the concentration technology.

3. Storage and disposal of conditioned wastes

OCEAN-DUMPING

Low level conditioned radioactive vastes produced in Belgiun have

been disposed of in the Atlantic Ocean since 1967 in an area defined

by agreement reached whithin the Nuclear Energy Agency of the C.E.C.D.

The specifications concerning the containers and their content have

been laid down by the NBA and the I.A.E.A. At present, the following

maximum concentrations can be disposed of :

- 10 curies of a-emitters per ton of conditioned wastes with a

maximum of 100 curies of radium per year

- 10 curies of B-y emitters per ton with a content of cesiunt-137

and strontium-90 not higher than 100 curies per ton

- 10 curies of tritium per ton.

Up to now the concentration in the wastes disposed of by Belgium into the

Ocean has never exceeded, on an average, 10 of the values given above.

GEOLOGICAL DISPOSAL

All other wastes that cannot be disposed of in the ocean are stored

in artificial and controlled structures until they can be transferred

to a final repository in an appropriate geological formation.

An inventory of the geological formations in Belgium that could be used

for geological disposal has been established. However, theoretical and

experimental studies have been restricted to the layer of "Boon clay" which

is found below the nuclear site of MDI at a depth between 160 and 260 m.

t



9.

The reasons for selecting clay for geological disposal are the absence

of salt layers or salt dares in the Belgian territory, the apparent

absence of suitable cristalline rock formations at reasonable depth

and the relative abundance of clays and shales in our geology.

Hie clay-layer of "Boom" is well-known for its hanogeneity and

iirpermeability and its presence at reasonable depth in the northern

part of the country.

The geanechanical and physicochanical properties of the clay have

been studied, model studies have been performed on dispersion

of the heat released by the highly active wastes and possible

dispersion of radioisotopes. A general feasibility study has been

performed and has led to a general evaluation of the disposal facility.

The figures obtained at present on possible diffusion of long-lived

radioisotopes in the clay, even in the absence of any kind of

insolubilisation, show that these elements could never migrate over a

distance of more than a few meters in the clay. This is due to the

extremely low permeability of the clay and its sorption capacity.

The two major problems of geological disposal in deep clay layers

are of a nature which has not always been recognized :

- the problem of mining and drilling tunnels in clay at

a depth of about 200 m. This is essentially a mechanical

problem but solutions have already been found,

- the dispersion of heat from highly active wastes.

Fig. 3 shows the radioactive decay heat per ton of irradiated

fuel, released during storage.

This amount of heat can be'removed by artificial cooling or

by dispersion into the geological formation.

Fig. 4 shows the effect of this phenomenon on the temperature profile

in the clay on top of the conditioned waste, for different periods

of artificial cooling before tlie waste is transferred to the clay.
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The surface area occupied by the conditioned HLW in the clay is largely

independent of the actual volume of these wastes but it depends

essentially upon the permissible temperature profile/ the thermal

conductivity of the environement, the size of the nuclear power

progranme which produced the waste and the period of artificial cooling.

It has been calculated, on the basis of a very conversative value

of heat conductivity in the clay (0,4 W.nf ̂ C* 1) that the heat load per

hectare of underground surface area should not exceed 15 KW, assuming

that the temperature increase at the interface between the top of the

clay layer and the overlying sand should not exceed 5°C.

In situ measurements vdll be performed to verify the heat conductivity

and the temperature profile to be expected under real conditions.

Table 2 gives a review of the expected quantities cf wastes and

their indended final destination

Table 2 : Quantities and intended destination of conditioned
V

1

Intended destination

- Ocean disposal

- Geological disposal
without premiminary
cooling (*)

- Geological disposal
after appropriate
cooling (++)

1.650 JW(e)

1.050

66,2

5

5.450 Mtf(e)

1.750

219

16

wastes with low concentration of fission products

wastes with very high concentration of fission products and,
therefore/ releasing heat.
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The fact that conditioned high level waste requires artificial

cooling prior to transfer to the geological repository necessitates

the construction of cooled storage bunkers. It should be noted that

this bunker capacity could be approximately 15 to 20 times higher

in case the fuel is not reprocessed aid this could occur for two

obvious reasons :

- the heat release is approximately the same with or without

reprocessing and therefore non-reprocessing does not shorten

the cooling period

- reprocessing separates the irradiated fuel into two parts : 96,5

weight % of uranium and plutonium and 3,5 weight % of fission

products and transplutonium actinides.

Firmaly, it should be mentioned that land burial at small depth,

also called "shallow land burial" can also be practiced for low

and medium activity wastes. The latter type of disposal has not

yet been extensively studied in Belgium but research into this

subject is anticipated for the near future.

The foregoing might have shown that it is incorrect to say that the

problem of waste management is "unsolved". Nevertheless much work

remains to bz done, essentially in the following areas :

- denonstration of recent technologies in waste conditioning

(vitrification, high temperature incineration, recovery )

and disposal;
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• development of specifications' and quality control systems

for conditioned wastes, taking into account the real behaviour

of the radioisotopes in the environment and the interactions

between environment and stored conditioned material;

optimized integration of treatment, conditioning and disposal

technologies;

maximum volume reduction and compatibility of the conditioned

material with the properties of the disposal environment.

t
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Fig. 2 Solidified slag from high temperature oven



Temperature increase in the clay, in function of cooling time,
storage time and distance from the HLW containers.
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