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@ Method of volume-reducing disposal of radioactive wastes.

@ In a method of disposal of radioactive waste involving
volume reduction, a product containing radioactive material
obtained as a result of the treatment, such as by drying,
calcination and or incineration, of radioactive waste liquid
and:or combustible solid, is mixed in an appropriate propor-
tion with waste product comprising giass fibers having
radioactive material adherent thereto, both wastes being
generated from an atomic energy installation, and the
mixture is melted by heating to be converted, on subsequent
cooling, into an integrated stable solidified mass.
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A METHOD FOR DISPOSAL OF RADIOACTIVE WASTE INVOLVING
VOLUME REDUCTION

This invention | is concerned with a method, invoflvrirng
volume reduction, for -disposral o£ radioactive Vv'\rrasi::?'e sucV:h.‘ras
is generated from a radioactive rmat'erial 'haﬁdiing inét_aj.la—
tion, for éxample a nuclear powerrrstation.: :

In additionv to rédio_éctiﬁe exhaust:'g:as_', i'airzolmigt: ';enes:@:gy
installations, such as nuclear power stations, are known tor
generate radioactive waste 1liquid, combustible so0lid wastes
(combustible miscellaneous solids such as clothes, paper and
wood, active carbon or similar materials used in air-conditi-
oning systems, used ion exchange resin and waste oil, and
non-combustible solid wastes (for example, glass wool and
metallic parts).

Medium-level or low-level radioactive wastes, after they
have been subjected to volume—reduétion such as by concentra-
tion, drying, calcination, incineration or compression and
further subjected to various solidification treatments such
as asphalt solidifiction and cement solidification according
to t.heir usable physical and chemical properrti'es‘, are
conventionally stored in the form of solidified masses.

For instance, in the case of radioactive waste 1liquid,
reduction is achieved by convefting it into ra sparingly
soluble material by chemical reaction and then it is

separated by dryirig or concentration, volatile <components
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being treated by calcination. The precise treatment of ‘such
liqguids, as is well known, depends upon the precise nature of
the 1liquids themselves. For example in a PWR power station
the liquid is mostly 1liquid containing boric acid used for
rreutron suppression and in a BWR power station it is mostly
whole liquid containing sodium sulphate. Combustible solid
wastes such as wood and paper are generally reduced in volume
bEy incineration to yield ash including as principle
components silicon oxide and metal oxides. Non-combustible

solid wastes are often reduced in volume by compression.

The choice of such treatment is made individually,
depending upon the kind of waste. 1In all cases improvements
in efficiency of volume-reduction and stability of the
solidified masses are desirable.

However, the stable solidification of the products
obtained from the volume reduction treatments mentioned above
often requires the addition of wvarious additives upon
solidificetion which 1increases the volume. Furthermore
waste, used gléss-fibers from air filters of air-
conditioning systems are non-combustible and the
efficiency of their volume-reduction is insufficient using
the compression treatments of the prior art. As a result the
eamount of waste to be stored increases year by year and
requires early countermeasures.

As to high-level radioactive wastes, while volume-
reduction and disposal by solidifying them with glass has

been tried, glass frit of good quality is needed as a raw
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material for the solidifying glass. Furthermore, it ié
necessary to select, as glass frit, material which has been
mixed in an optimum proportion depending on the nature of the
high-level radioactive waste involved. There is also a
problem in that, since glass frit of good quality is conven-
tionally brought for use from outside the atomic energy
installation, it is expensive. The use of this frit also
obviously increases the volume of the waste.

We have now found that a product obtained as a result of
drying, calcination and/or incineration, of waste liquid and
combustible so0lid found in radiocactive wastes (hereinafter
sometimes called "product of incineration or the 1like")
together with waste glass fibers contaminated by radioact-
ivity when mixed together in an appropriate proportion, and
then combined by melting together in a furnace, can form a
stable solidified body for storage thus overcoming disadvant-
ages as outlined above.

Accordingly there is provided a method of disposal of
radioactive atomic energy installation waste products chara-
cterised in that a product containing radiocactive material
and obtained as a result of the treatment, such as by drying,
calcination and/or incineration, of radio-active waste liquid
and/or combustible solid, is mixed in an appropriate
proportion with waste product comprising glass fibers having
radioactive material adherent thereto, and the mixture is
melted by heating to be converted, on subsequent cooling,

into an integrated stable solidified mass.
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The invention will now be described in more detail with
reference to the accompanying Figure 1, which is a schematic
flow diagram of one preferred embodiment of the method of the
invention.

In Fig. 1, a melting furnace 1 is connected with a
container 2 for a product of incinération or the 1like,
through a cutting device 2-1 for the product of incineration
or the like, which device is provided with a setter 2-2. The
furnace 1 is alsoc connected with containers 3, 4 and 5 for
different kinds of waste glass fibers each of which
containers is provided with its own cutting device, 3-1, 4-1
and 5-1 respectively, for the waste glass fibers therein. A
device 6 for collecting melt discharged from the melting
furnace 1 is also provided. The product of incineration or
the like comprises ash-like powder, while the waste glass
fibers are fiber-like solidified masses. When mixing these
materials together in an appropriate proportion and throwing
the mixture into the melting furnace 1, although the appro-
priate proportion can of course be attained by varying the
amount of either material, we will describe the variation of
proportions in terms of varying the amount of the product of
incineration or the like with reference to the amount of the
waste glass fibers.

It is to be noted that, since the compositions of waste
glass fibers differ depending upon the kinds of different
products used, a more stable sqlidified mass can be obtained

by treating at the same time waste glass fibers having the
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same composition, which is why as shown in Fig. 1 the glass
fibers are illustrated as being classified into three kinds.
However, classification into any arbitrary number of kinds
is desirable depending on the different compositions of glass
fibers present.

We show below, in Table 1, as one example of componehts
of a general product of incineration or the like; the
compositions, in weight %, of a calcined product of a
pressurized water reactor (PWR) and an incinerated product of

a combustible miscellaneous solid body, respectively.

Table-1l
Components . Other
m 510y | B0y | N2g03 1 peta1 oxides
Célcinated
A Product of PWR 20.3 57.3 4.6 | 17.8

Incinerated Pro-
duct of Corbusti-

B pie Miscellazneous 6¢ - 70
Solid Body

- - 40 - 30

It will be noted that if a radiocactive waste liquid is
calcined for the purpose of volume reduction, it is converted
into a composition principally comprising various metal
oxides containing non-volatile radioactive materials. For
instance, in the case of a PWR power station, boric acid B is
a principal component, and in the case of a BWR power
station, Na is a principal component.

As regards glass wool compositions, one example of a
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representative composition of E-glass is shown in Table-2.

Table-2

Components Si0, 5203 A 203 Ca0 Others

% (weight) 53.5 3 14.5 18.5 4.5

For simplicity we will explain the Invention in terms of
the representative container 3 for waste glass fibers in
Figure 1. First, a certain amount of waste glass fibers is
thrown into the melting furnace 1 by the waste glass fiber
cutting device 3-1. Next, a product of incineration or the
like in an optimum amount for the composition of the glass
fibers in the waste glass fiber container 3 and the amount
thereof fed to the furnance 1 is mixed into the waste glass
fibers by manipulating the cutting setter 2-2.

The both materials, mixed together within the melting
furnance 1, are heated to a temperature at which the waste
glass fibers melt. In this case, among the various
components adhering to or contained in the both materials,
metals and metal oxides having higher melting points than
that of the waste glass fibers may be present in the form of
granular or other particulate solid material in the melt, but
combusz:ble materials are burnt, and thereby a glass-like
product having a maximum overall rate of volume reduction can
be produced. Furthermore, if heating is continued toc a
temperature at which the metals and metal oxides having

higher melting points than that of the glass £fibers also
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melt, then the glass fibers and these metals and metal
oxides melt together and become coupled in molecular struc-
tures to give a more stable glass-like product.

When the melting has been finished, the melt is transfe-
rred from the melting furnace 1 to the melt collecting
container 6, then it is cooled to yield a solidified mass
in which radioactivity, metals, metal oxides and the like
are sealed. Alternatively the melt can be cooled and solidi-
fied within the melting furnace 1 without being transferred
to the melt collecting container 6, and the material for
disposal can be taken out of the furnace 1 in the form
of a solidified mass.

The invention will now be described for the purposes
of illustration only, in the following Examples of some
preferred embodiments.

Example 1

Using the above-described method, a preferred mixing
proportion between the waste glass wool and the product
of incineration or the like is, for example, 20% of A in
Table-1 and 80% (wt %) of glass wool. These, are mixed
together and heated to about 1,400°C to become molten and

yield a product of the following composition:

Al.0O Na.,O Ca0O ther Components

46.9 18.7 11.6 0.9 14.8 7.1
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Tris product on cooling is a solidified mass of the
converntional borosilicate glass, and at room temperature
it has strength, stablity, durability and exudation- resist-
ance (as represented by the weight of component exuding
through a unit area when forced stirring has been effected
in éGistilled hot water at 100°C).
Exarple 2

Us-ng another preferred mixing proportion, 20% of
A, 25% of B and 55% (wt %) of glass wocl are m:xed together
and heated at 1,500 - 1,600°C tc become molten. The composi-

tion of the obtained product was as follows:

Sio B,O Al.O cao Na,0 Other Components

49.8 16.4 8.0 10.2 0.9 17.7

1 product, they were nearly similar and no distinct differ-
ence was found therebetween in their properties.
Exarrie 4

Ir another preferred disposal technique of the inven-
tion, the product of incineration or the like as detailed
in Table 1 and waste glass fibers of the composition given
in Table 2 were used under the conditions indicated in

Takbie 2 below, which also details results obtained.
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Table 3
Em- Mixing Fusing Properties
bodi-|Propo- Temper- | Pressure Time (H) |of Stable
ments|tion ature Solidified
Body Obtained
Melting Inorganic cry-~
for stalline mass
A 20kg -about whose properties
S - 1.5H {are almost
4a glass 1,400¢°cC Atmos~- The tem- |[similar to con-
fibers $ pheric perature |[ventional boro-
1,500°C Pressure is held silicate glass,
80kg for about|in which most
1 H. metals are
molten, and
which has
strength,
stablility,
durability and
exudation-res-
istance.
Melting Properties and
A 20kg for the like are
about similar to 4a
B 25kg 1,500¢°C Atmos- 1.5H except that the
glass S pheric The tem- |mass is colored
4b fibers 1,600°C Pressure perature |brown or the
55kg is held like due to
for about{impurities (Fe
1H. or the like).
No material
difference
from Embodiment
4a was found.

Although the effects and advantages of the invention

are apparent from the foregoing description alone, the

invention can overcome difficulties which arise in connection
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with the product of incineration or the 1like which is a
pulverized material which is liable to sputter, is hygro-
scopic, and needs countermeasures to be taken for maintenance
and storage, and arising from the relative inefficiency of
the known volume reduction by compression of the waste glass
fibers. The invention further makes it possible to provide a
stable solidified mass which has an extremely small exudation
rate of radicactive material and which has appropriate
strength and ageing properties. Moreover, in the invention,
which uses glass fibers which have become radicactive solid
wastes from their presence in air filters, and which are
therefore necessarily produced in atomic energy instal-
lations, the raw materi‘al cost is zero and increase in the
amount of waste is avoided.

It will be appreciated that the appropriate proportions
of the various waste products in the practice of the present
invention will vary depending upon the particular instal-
lation and the precise nature of the washes therefrom.
However the determination of the proportions of Bi203l, Si02,
other metal oxides, sodium sulphate, glass etc. which should
be used can be made by simple trial and error experimentation
to ensure that the resultant molten and resolidified glass,
that is borosilicate glass, has the required enclosing
capability as well as mechanical strength.

Since glass is a noncrystalline (amorphous) material, it
has a flexibility in that it can enclose foreign materials,

such as metal oxides and achieve the required mechanical

strength in a range of appropriate amounts rather than in

- 10 -
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amounts of fixed proportions.

Since the kinds and amounts of the wastes discharged
from an atomic power installation are nearly determined for
each installation, a first melting experiment may be carried
out in a small crucible as above described and in practice
the respective amounts of the wastes described above are
suitably determined at such proportions that the entire
amounts of such waste glass and treated liquids and solids
can be molten together without leaving any excess nor running
into shortage, that is, at such proportions that the amounts
of the waste materials which are in short supply and hence

may have to be brought in from outside of the atomic power

. installation can be minimized, preferably can be made zero.

Such a trial-and-error experiment will determine the appropr-
iate proportions for each instance.

As a matter of routine, it is of course necessary to
test the molten and solidified mass obtained after the
disposal to examine whether or not the disposal technique has
been successful in that the radioactive waste material has
been successfully enclosed in a mass of appropriate strength

for storing.
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CLAIMS

1. A method of disposal of radioactive atomic energy
installation waste products, characterised in that a product
containing radiocactive material and obtained as a result of
the treatment, such as by drying, calcination ‘and/or
incineration, of radiocactive waste liquid and/or combustible
solid, is mixed 1in an appropriate proportion with waste
product comprising glass fibers having radio-active material
acherent thereto, and the mixture is melted by heating to be
converted, on subsequent cooling, into an integrated stable
solidified mass.

2. A method as claimed in Claim 1, wherein the glass fiber
waste products from the installation are classified into
products of substantially the same composition for separate

treatment of each classified product.
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