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Design and Research of Ice-Blasting Equipment*
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Abstruct

Experimental studies on decontamination with jice blast method and it's
application to WDF X-decontamination cell have been carried out. In this
study optimum blasting conditions such as blasting pressure,ice-dryice
mixing ratio etc. have been established and decontamination mechanism has
been made c1ear by blasting ice or dryice particles with 1ow pressure (less
than 9Kg/tm ) to brick or painted test piecies.

On the application to cell and glove box,transfer rate of removed substance
to 1iquid waste and off gas have been studied to assess distribution of
radin-activity.

Noise level and spectrum have been measured and method to reduce noise
Tevel have been discussed.

A conceptual design of decontamination equipment using ice-blasting was
done on the basis of above experiment.

* Work performed by Ishikawajima-Harima Heavy Industries Co.Ltd.,under
contract with Power Reactor and Nuclear Fuel Development Corporation.

*x Technical department Research Institute. E

***  Nuclear power division Maintenance engineering department,

**%* Nuclear power division 2nd. plant design department.



Introduction

The wastes contaminated with Transuranic elements (TRU
wastes) generated from the plutonium treatment facili-
ties such as the reprocessing facilities, the plutonium
fuel fabricating facilities contains radionuclides

such as plutonium, americium, etc. Since these Trans-
uranic elements (TRU elements) have great hazard
potential and long half-lives, it is necessary to
preserve them for a long period in the barrier with
high isolating capability.

If it is possible to remove the TRU elements from TRU
wastes by an effective decontamination method to

handle them as the low level radioactive wastes, it

can be expected to reduce greatly the costs of manage-
ment, transportation and disposal of TRU wastes. For
this purpose, extensive research and development have
been carried out 6n the TRU waste decontamination
method. Hot water jet method, melting method, etc. are
regarded as candidates to decontaminate incombustible
solid TRU wastes. However, they have several dis-
advantages such as low decontamination effectiveness,
mal-operability, large amount of secondary waste pro-‘
duction, etc. ‘
The ice blasting, which is to decontaminate by blasting
ice pellets with compressed air, is one of the most
practical methods under development. This method is
effective to remove loose contaminants or mild surface
oxides, which are most popular form of TRU contamination.
Compared with high pressure water jet method, ice
blasting method has many advantages such as less amount

of secondary waste and easier operation.



2.1

Purpose of this study is to make clear decontamination
effectiveness of the ice blasting method and applic-
ability to a-decontamination cell in the Waste Dis-
mantling Facility (WDF) at O—arai'Engineering Center
of Power Reactor and Nuclear Fuel Development Corpora-
tion (PNC).

Decontamination Effectiveness
Test Method

The ice blasting test equipment is set at o-decontami-
nation cell in WDF. The mixture of ice and dryice
particles ranging from 2 to 7 mm in diameter was
blasted, against bricks and several, painted test pieces.
Test was done by changing the parameters seemed to
have an effect on decontaminatién. And the following
items were measured: the volume, the depth and the
area of brick removed, the stripped area of several

painted test pieces.

The parameters used in this test are shown as follows:

a) Simulated objects (bricks and painted test pieces)
b) Ice/dryice mixing ratio

c) Particles/transfer air mixing ratio

d) Blasting pressure

e) Blasting distance

f) Shape of nozzle

Reason that bricks and painted test pieces are used as

simulated objects is as follows.



The painted test piece is similar to an actual decon-

tamination object to be treated in o-decontamination

cell because radio-nuclides adhere on painted surface.

A brick is easy to survey the optimum blasting condi-

tion because the area, the volume and the depth of

brick removed are measured easily.

Results and Discussion

(1)

Simulated objects

Three kinds of painted test pieces and brick were
prepared and test was performed with changing
blasting distance.

Test result shows that effective stripping condi-~
tion for thé painted test pieces depends on
stripping strength. _ .

Stripping area of painted test piece which has
weak stripping strength increases according to
blasting distance and max. area is occurred at
about 250 mm. This phenomenon is similar to
removed volume of the brick.

However stripping area of other painted test
pieces which have strong stripping strength
decreases according to blasting distance.

Paint which has weak stripping strength is
inorganic paint and the others are organic paint.
This phenomenon described above is explained as

follows.

The stripping strenth of organic paint decreases
under the low temperature caused by the blasted

mixture of ice and dryice particles, (see N.B.
below) whereas the strength of brick and inor-

ganic paint is almost unaffected.



This should be the main reason why the maximum
volume removed from the brick and stripped area
of inorganic painﬁ are derived at the distance
where the particles get their maximum velocity,
on the other hand the stripped area of organic '

paint is not affected much by the distance.

N.B.
The stripping strength of the organic paint at

-30°C is about one-half of that at room temperature.

Effect of ice/dryice particles mixing ratio

In order to research blasting effect by change of
ice/dryice particle mixing ratio, blasting test .
was done. Test results are shown in Fig. 1.
Volume, area and depth of the brick removed are
minimum in case of dryice only and increase rapidly
till the ice/dryiée mixing ratio gets about 30%.
If the brick is removed by kineiic energy of
blasting particle, volume of the brick removed
should be max. in case of dryice 100% because
specific weight of dryice is 1.5 g/cm3 and is
larger than that of ice particle.

Therefore it should seem that the blasting
effectiveness depend not only on kinetic energy
but also on properties of blasting particle.
Properties of the particle affecting the effecti-
veness are presumed to be compressive strength
and hardness.

Compressive strength of the dryice is about 1/3
that of the ice particle, therefore energy trans-
ferred to the object from the particle is limited
by compressive strength because considerable
amount of kinetic energy is consumed as breaking

energy of the particle.



VOLUME OF BRICK REMOVED (ob/ke particle)
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ICE/DRYICE MIXING RATIO (wt%)

Fig. 1 The Effect of Ice/Dryice Mixing Ratio on

(3)

Blasting

Experimental condition

Blasting pressure: 5.4 ~ 5.5 (kg/cmz)
Particle feed speed: 5.2 ~ 7.7 (kg/min)
Blasting distance: L (mm)

Effect of particles/air mixing ratio

At the point between 0.3 to 0.9 (wt/wt) of
particles/air mixing ratio, the volume, the area
and the depth of brick removed increase as the

mixing ratio decreases, as shown in Fig. 2.



(4)
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PARTICLE/AIR MIXING RATIO (wt/wt)

Fig. 2 The Effect of Particle/Air Mixing
Ratio on Blasting

Experimental condition

Blasting pressure:5.3 v 5.45 (kg/cmz)
Ice/Dryice mixing ratio:3:1 (wt/wt)

Blasting distance: L (mm)

The reason of the above phenomena is as follows.

When the ratio is high, density of the particle at
the object is high. So interference between blasting
particle and rebounded particle or water film made

by thawed ice particle becomes large and the object

is protected from the blasting particles.

Effect of blasting pressure

It is made clear from the test taking blasting
pressure as a parameter that the area, depth and
removed volume of the brick increases as the pressure

gets higher.



The particle is accelerated by air velocity and
it is known from a test that the veiocity of
blasting particle is proportional to the blasting
pressure. §So blasting effect increases consider-
ably with the pressure because kinetic enerqgy of
the particle is proportional to the velocity

squared.
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BLASTING PRESSURE (kg/cd)
Fig. 3 The Effect of Blasting Pressure on Blasting

Experimental condition

Blasting distance: L (mm)
Ice/Dryice mixing ratio: 3:1 (wt/wt)

Particle feed speed: 3.6 ~ 4.1 (kg/min)



(3)

Effect of blasting distance

In the test taking the balsting distance as a
parameter, the volume of brick removed increases
with the distance and gives the maximum value at
about 250 mm and then decreases as shown in

Fig. 4. As the distance gets longer the area

of brick removed increases, on the other hand
the depth of brick removed decreases.

The effect described above is a well-known

2)

phenomenon at shot-peening, etc.
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" BLASTING DISTANCE (am)

Fig. 4 The Effect of Blasting' Distance on Blasting

Experimental condition

Blasting pressure: 5 (kg/cmz)_
Ice/Dryice mixing ratio:

3:1 (wt/wt)
particle feed speed:

4.7 ~ 5.6 (kg/min.)



(6)

The reason that there exists an optimum blasting

distance is as follows.

The blasting particles are accelerated by the
blasting air after they are ejected from the
nozzle where the air expands and some distance
is required for the particles to get their

maximum velocity.

Effect of shape of nozzle

In the test taking the shape of nozzle as a
parameter, both the volume and the depth of
brick removed increased in order of a spread
nozzle, a straight nozzle and a super sonic
nozzle, on the other hand, as for the area of
brick removed, the order was just reverse.

The spread nozzle has a spréad part down stream
of a narrowest part (a throttled part).

The greater part of the kinetic energy of the
particles is spent by the occurrence of the
vortexes in the air flow in this spread part.
This may be the reason. why the spread nozzle

is less effective than the other nozzles.

On the other hand, a super sonic nozzle draws
air from the outside the nozzle to defend the
occurrence of vortexes; besides, the jet flow

is throttled so that the spread angle is smaller
than that of the free jet flow. Therefore, it
seems that the supef sonic nozzle gave deeper
depth and smaller area of brick removed than the

straight nozzle.
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Results and Future Subjects

A lot of information concerning the decontamination

effectiveness is obtained by the series of tests

conducted in this research and development program.

The results and future subjects are summarized as

below.

(1) - Results

(1)

(11)

Optimum blasting conditions

The optimum blasting conditions are obtained
as a result of the blasting tests with
various parameters. The blasting effects
differ with the parameters such as the
distance between blasting nozzle and objects,
the blasting particles/air mixing ratio and

the blasting pressure; the~optimum value

‘exists for the each parameter.

Decontamination mechanism

Generally, in the case of the decontamina-
tion by a blasting, there are two types of
decontamination hechanisms. One mechanism
is that the uneven surface of the blasting
objects is cut off by the blasting particles;
the other is that the objects are decontam-
inated by the impact caused by collision

of the particles with the objects. It was
known that both stripping off the paint
from the painted test pieces and scraping
the bricks are achieved by the latter

mechanism.



(1ii)

(iv)

Besides, dryice particles and ice particles
as the blasting particles give the effects
of cooling the blasting objects and in some
cases they make the objects brittle at low
temperature, so it becomes easy to strip
off the contaminated matter.

Decontamination effectiveness

The properties of the blasting particles may
influence greatly on the decontamination
effectiveness. In order to remove the

contaminants by collision, it is necessary

" to damage them as much as possible.

As for the modulus of elasticity E of the
decontamination objects, the greater would
be preferable because collision stress of
them would become larger, and much better
blasting effectiveness would be derived.
The particles not easy to break i.e. the
particles with great breaking strength
would be effective for blasting because the
energy of these particles would be used for
blasting effectively.

Shapes of blasting nozzles

It is necessary to select suitable nozzle
according to shape of decontamination
objects in order to get high efficiency of

decontamination.



(2)

Future subjects

The subjects of research to be made before

applying the ice blasting equipment to a-

decontamination cell in WDF are as follows.

(1)

(i)

The decontamination effectiveness of ice
blasting method

It is expected that the various objects to
be decontaminated exist. The main purpose
of this work_wés to get the optimum con=
ditions by blasting the brick, etc.

But it has not been understood to which
contaminants the ice blasting method is
effective.

So, it is necessary to confirm the effec-
tiveness of the ice blasting method to the
actual objects by testing the method

on the imitated test piéces;v

The imitated test pieces would be as follows:

° Carbon steel with rust

. Stainless steel with rust

«+ Several painted materials (especially
painted with epoxy resin paint)

* Grease adhered to the materialsf

Minimization of the secondary wastes

The air used for ice blasting and the blasted
particles shall be treated as secondary
wastes. It is important to minimize the
amount of these wastes in actual decontami-

nation work.



That is to blast wider surface of the
materials in shorter time. This may be
accomplished to some extent by selecting
the optimum shape of nozzles depending on
the objects,'e.g. uéing a nozzle with-wide
spread angle and weak impact'force for
easily removable contaminants, etc.

(iid) Improvehent of the properties of the blasting

particles

The breaking strength and the hardness of the
blasting particles give the great influence
on the decontamination effectiveness.
Therefore it is necessary to improve the

properties of the particles.

Influence on the Secondary Wastes Treatment System of
a=-Cell

The following tests have been performed to estimate the
load which will be imposed on the secondary wastes
treatment system in case the ice blasting equipment is

set up in the a-decontamination cell.

Test Method

The painted test pieces with paint containing yttlium
were blasted with the mixture of ice and dryice parti-
cles. And the scattered matters were collected by the
HEPA filter which had been set to the inlet of the
exhaust duct; finally the transfer rates of them to

the offgas system were investigated.



3.2

The test was performed under various mixing ratio of
dryice/ice particles which seemed to have an effect

on the transfer rate.

Results and Discussion

It is made clear that the transfer rate of the
scattered matters to the offgas system increases with
the increase of the mixing ratio of the dryice/ice
particles as shown in Fig. 6; About 4% and 6% of ‘the
scattered matters transfers respectively to the offgas
system at 0 wt % and 100 wt % of the mixing ratio of

the dryice.
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Fig. 6 The Effect of Dryice/Ice Mixing Ratio on

Distribution of Yttrium for Exhaust Duct

The reason is presumed to be the following.

The first is that the gas veloéity in the a-decontam-
ination cell increases by sublimation of the dryice.
Therefore more removed matters reached to the

exhaust duct. The second is that the scattering



of the removed matters was obstructed by the water

produced by melting of the ice. )
Estimated load to be imposed on the secondary wastes

treatment system such as offgas treatment system and

liquid waste treatment system based on the test

results is as follows.

, (1)

(2)

Load to be imposed on the offgas system

(Load to be imposed on the offgas system)
= (Volume of the blasting air)
+ (Volume of the gas produced by dryice

sublimation)

where the volume of the blasting air 1is
proportional to the blasting pressure.
When the blasting pressure is 5 kg/cmz, it is

given as follows.

(Load to be imposea on the offgas system)

£ 300 + 61-X dryice (Nm3/hr)

where X dryice is the mixing ratio of the dryice
particles to the ice particles by weight and
4 ~ 6 wt % of the total removed matters are

contained in the offgas.

Load to be imposed on the liquid waste treatment
system .

(Load to be imposed on the liguid waste treatment
system). '

- (Amount of water produced from the ice

120-X ice (2/hr)

120- (1-X dryice)



4.

4.1

(3)

where X ice is the mixing ratio of the ice

particles to the dryice particles by weight.

Remarks

The transfer rate of the removed matters to the
offgas system is 4 ~ 6 wg % of the total amount
and the rest will remain in the cell.

It would be unnatural to expect that all the

'remainings of removed matters in the cell are to

be drained with the water produced from the ice
melting to the liquid waste treatment system.
Therefore it is necessary to consider either the
prevention of spreading out of the removed ‘
matters or the collecting method of the removed

matters.

Conceptual Design

Basic Specifications

Basic specification of the ice blasting equipment

when applied to the a-cell as decontamination

equipment is settled as follows.

(1)

The equipment shall be accommodated in the
operation room in WDF of O-arai Engineering
Center, Power Reactor and Nuclear Fuel Develop-

ment Corporation.

- 17 -



(2)

(3)

- (4)

(5)

It shall be able to blast ice particles, dryice

particles and their mixture.

Maintenance of the compositive parts of the
equipment set in the cell shall be performed

by using MS manipulators.

Max. continuous blasting time required for

decontamination is set to be 15 minutes.

The equipment shall be automated as far as

possible.

Conceptual Design

The conceptual design based on. the above basic speci-

fications and the test result is performed and items

to be developed in the future are picked up.

(1)

System design

The blasting equipment is composed of a particles
producing equipment, a particles feeding equipment
and a blasting equipment.

Depending on the particle producing method, three
kinds of the system are conceivable as shown

bhelow.

- 18 -



i)

Liquid oy

.storage tank.

Pre-mix method

Ice, dryice Particles Blasting
mixing —= feeding eguipment
pelletizer | equipment P
!
Water
storage
tank
ii) Post-mix method
Liquid COjp Dryice
storage ™ elletizer
tank P
P§r§1cles Parﬁicles .
mixing & . Blasting
adjustment feeding equipment
cank equipment
Watexr
storage -t Ice
g Pelletizer
tank




iii) Crusher method

Ice ——1

Particles Particl
. L articles
Crusher Slevg [ BLxLng % |l feedin
machine adjustment. >ng
tank reguipment -
[
Dryice
L Throw away
Blasting
equipment

(2) The futureAsubjects

i) Particles producing equipment

a)

b)

Pre-mix method

In the pre-mix method, pellets are pro-
duced by hardening ice and dryice mixture.
It is confirmed experimentally that pellets

can be produced by the method.

However, it is necessary to grasp the
decontamination effectiveness by using
this pellet under various conditions and
to develop the particles producing

equipment for practical use.

Post-mix method

This is the method that makes dryice and
ice pellets separately and blasts them
after mixing them. A dryice pelletizer
is put on the market, however, several
reform should be made to improve the
properties of the pellets to get better

decontamination effectiveness.



Concerning an ice pelletizer, a suitable
one for blasting particles does not _
exist; therefore it is necessary to develop

one.

¢) Crusher method

There are no problems in the application
because this method is basically the same
as the test equipment used in this

research.

ii) Particles feeding equipment
a) Feeder

A rotary type feeder is introduced in this
test program. Among many types of feeder
pﬁt on the market, rotary type would be
_the.most suitable because of its

stability in feeding quantity, etc.,
however, improvements should be made

of the feeder which occasionally didn't
work well in the test by investigating

into the cause of mal-function.

b) Pressure boundary

It is necessary to feed blasting parti-
cles continuously in the transfer air
with some pressure.

As a result, seal point of the air
pressure (pressure boundary) is very
important in the equipment design.

Most desirable point is to seal up at

a feeder, but it is very difficult at

present because air pressure is high.



There are two methods to avoid this
problem. One is that the feeder tank

is included in the pressure boundary of
the air and the other is that the
pelletizer and the feed tank are
included in the pressure boundary.

In the case of latter, it will be possi-
ble to make blasting equipment compact.
Accordingly, sealing problem shall be
considered in development of the

pelletizer.

iii) Blasting equipment

a)

Hose

There are two types of flexible hose A
used under the condition of low temper-
ature such as metal and nonmetal hose.
It is popular that in the case of metal,
a hose is made of bellows; in the case
of nonmetal, it is made of plastics
strengthened with wire.

Taking into consideration that the non-
metal hose is light and inner surface
is smooth, the nonmetal hose is better
than metal hose.

It is necessary to select an optimum
non-metal hose experimentally because
there are various ways to strengthen

with wire.



b) Nozzle

It is described in 2.3(2) (ii) that it

is necessary to select the nozzle in the
light of the shape of decontamination
objects ih order to decontaminate
effectively.

Consequently it is necessary to design
the nozzle to hose connecting device to
be able to change the nozzle by using

MS manipulator.
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