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ABSTRACT

At the Savannah River Plant, process equipment from
the radiochemical separations plants is decontaminated
rapidly and economically by scouring with high-velocity
jets of water and by applying dilute solutions of simple
reagents at elevated temperatures. The decontamination,
disassembly, and some maintenance and auxiliary work are
done by remote operation to minimize exposure of personnel
to radiation. In over five years of operation, this
technique has made possible the salvage and repair of
much valuable equipment and has significantly reduced
radiation exposure during maintenance work.
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INTRODUCTION

In the radiochemical separations facilities for recovering
uranium and plutonium at the Savannah River Plant, equipment that
is removed from service is usually contaminated with highly radio-
active fission products that are not readily removed. Contaminated
equipment that is to be repaired or modified, or even equipment to
be discarded, must be decontaminated sufficiently to avoid exposing
personnel to radiation or contaminating the environment.

A study of the literature and consultation with other atomic
energy installations indicated it should be possible to decontami-
nate large stainless steel process vessels sufficiently for direct
maintenance. However, because of the uncertain and occasionally
very poor results cobtained with existing techniques, an experi-
mental program was undertaken to develop effective and reliable
methods for decontaminating process equipment. The reductions in
radiation levels required were as much as 1000-fold. Both chemi-
cal and physical methods were investigated; the former using
chemical reagents in aqueous solution, and the latter using both
wet and dry abrasive techniques and high-velocity water jets.
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SUMMARY

Industrial cleaning techniques were adapted to the remote
decontamination of process equipment in the separations areas of
the Savannah River Plant. Of the methods examined, the most
adaptable and economical were scouring with jets of hot water
(150-250 ft/sec), or with jets of cold water at higher velocity
(400-700 ft/sec), and by applying hot (80-90°C), dilute solutions
of simple chemicals. Abrasive techniques, although effective,
cause waste disposal problems if used for cleaning highly con-
taminated equipment.

After various decontamination techniques in laboratory and
semiworks tests were evaluated, an experimental facility was
instalied in the plant to test jet cleaning on actual plant
equipment. The combination of chemical treatments and jet
cleaning was very successful; it became possible to decontami-
nate and repair process equipment for reuse and even recover
discarded equipment that had been impossible to decontaminate
previously because of excessive radiation levels. In the first
six months of operation, the savings exceeded the cost of the
experimental facility.

The experimental installation was eventually adopted for
routine production use as a decontamination, inspection, and
minor repair facility. Some of the original equipment was
replaced, improvements were made, and a second similar installa-
tion was constructed in the companion separations plant. Savings
are estimated to be at least $500,000 per year for each of the
two plants based on more than five years of operating experience.



DISCUSSION

Before the methods described for remote decontamination
were developed, some moderately contaminated equipment was
decontaminated manually by scrubbing with cleaning agents and
abrasives or by scaking with chemicals at ambient temperature.
Large, heavily contaminated equipment, such as process evaporators,
condensers, and centrifuges, were usually buried instead of re-
paired because their high radiation levels precluded cleaning.

As the versatility and capacity of the separations plants
increased, rapid and effective decontamination methods were
needed because process equipment required replacement or inter-
change without costly delays. The requirements for the necessary
decontamination facility were: 1) remote methods that would
minimize expbsure to personnel, 2) techniques that were chemically
compatible with materials handled in the separations process and
that would not damage equipment, and 3) equipment that could be
incorporated within existing facilities, if possible.

A study of decontamination of chemical separations plants
was conducted in 1960 comprising a literature search (see
Bibliography} and discussions with knowledgeable persons in the
field, The survey did not disclose a preferred technique or
universal decontaminant because the reported procedures were
developed for specific facilities and processes. Therefore, an
experimental program was initiated to develop improved methods
for decontaminating process equipment at the Savannah River Plant.

At the inception of the experimental program, two stages of
decontamination were considered necessary. The first stage was
to be a gross decontamination of equipment, either in its operating
position or in a nearby shielded cell. This decontamination step
was expected to reduce the radiation and contamination sc that the
equipment could be removed safely from the shielded zone without
high rates of exposure to personnel and without significant poten-
tial for contamination of the surroundings. It was expected that
extensive secondary decontamination would still be required before
direct maintenance, and that the second-stage decontamination
could be done more effectively in another location. The construc-
tion of a separate facility or extensive modification of some
existing shielded enclosure was considered necessary; either would
have required a significant capital investment. Cost estimates
for separate facilities ranged from 2.5 to 8 million dollars.
However, as a result of the jet and chemical cleaning techniques
developed in the experimental program, the objectives were met by




minor modification of the existing facilities. The modifications
included a biological shielding wall, a heavy duty electromechanical
manipulator, and a high pressure pump at a total cost of $125,000.

The development of both the jet and chemical cleaning tech-
niques and the test facilities are described in the following
paragraphs,

JET DECONTAMINATION

Jet cleaning in industry includes both low=velocity streams
from water hoses {30-50 ft/sec) and high-velocity jets (200-700
ft/sec) from high pressure liquid pumping systems, as well as
various steam- and air-pressured devices. Water at the normal
pressures used in hoses (50-100 psig) does not usually provide
the velocity and impact required to remove radioactive contami-
nation. Dry steam has also been found ineffective. By contrast,
water at much higher velocities (200-700 ft/sec) or saturated
steam with an entrained cleaning agent are effective.

Jet cleaning is more effective than soaking. For immersion
of large pieces of equipment, a very large vat filled with cleaning
solutions is required. In addition, an equivalent capacity in
shielded tankage is required for retention of solutions pending
reuse or disposai. Much smaller volumes of solutions can be used
in jet cleaning, and the solutions need not be reused. With jet
cieaning, nozzles that rotate about two axes can be used to clean
the interior of tanks, so that it is not necessary to fill a tank
in order to contact all surfaces. Furthermore, continuous pumping
of the decontaminating solutions against the surface to be decon-
taminated permits rinsing and minimizes redeposition of activity.

To obtain the scouring action that is required for decontamination
with high-velocity jets, the nozzle shape is very important. Those
found most effective are: 1) tapered nozzles with a circular orifice
producing a solid stream, and 2) nozzles with narrow slots producing
thin fans with an angle of about 15°. Nozzles designed for high-
pressure jetting are hardened and ground to a smooth finish to mini-
mize dispersion of the exit stream.

High-velocity jet cleaning cannot be used to decontaminate all
equipment. Some equipment with complex internal shapes still requires
an internal rinse or flush. For example, to decontaminate the in-
terior surfaces of centrifuges, condenser tubes, and pump casings,
it is still necessary to fill them with chemical cleaning agents or
to circulate solutions through them. In this event, however, the
volumes of cleaning reagents required are usually much smaller than
the amounts required to submerge or fill large process vessels.
Abrasive cleaning combined with jet cleaning was investigated in
semiworks tests, but because of potential equipment damage and the



eventual effectiveness of water jet cleaning the abrasive work
was discontinued. Abrasive cleaning techniques, including the
results of semiworks tests, are described in the Appendix,

CHEMICAL DECONTAMINATION

Chemical decontaminating reagents are usually used on surfaces
that cannot be reached effectively by high-velocity water streams,
or occasionally when a further reduction in activity level is re-
quired after jet cleaning. Reagents can be applied in appropriate
concentrations and small volumes by means of a conventional steam
hydrocleaner for hot solutions or by small chemical pumps for cold
solutions. Thus, detergents and chemical reagents can be made up
or supplied in concentrated form in small drums to provide flexi-
bility with economy of space; in special instances where mixed
solutions are required, a simple portable mixer is adequate. Large
solution makeup tanks with agitators and heating coils have not
been required. There is no advantage in applying reagents at high
velocity because the contact time is too short for effective
chemical reactions; application at high velocity only leads to use
of a larger volume of solution. High-velocity water jets are used
for their scouring action both before and after the application of
chemical reagents. ”

For a number of years it had been known that a two-step process
was required for the most effective chemical decontamination of
stainless steel equipment. The conditioning effect of alkaline
permanganate solution as the first reagent was well known, particu-
larly for decontaminating nuclear reactors and reactor components.
In these treatments the second step was either citric, oxalic, or
strong nitric acid. The most effective second reagent was a mixture
of hydrofluoric acid in nitric acid, used commercially for pickling
stainless steel. However, the latter, designated 3-20 reagent
(3% hydrofluoric acid - 20% nitric), attacks stainless steel rapidly,
particularly at the welds, and is a poor choice for decontaminating
equipnent that must be immersed in such solution for several hours.
The typical first step reagent, a solution of alkaline permanganate,
(3% potassium permanganate in 16-18% sodium hydroxide) was not
particularly effective alone as a decontaminant.

In the laboratory, selected cleaning reagents for removing
fission products from Type 304 stainless steel were evaluated with
planchets contaminated with acidic high-activity waste solution.

It was found that a two-step process similar to that described above
but using dilufe reagents at elevated temperature was effective in
decontaminating stainless steel with little corrosion. The labora-
tory tests were confirmed on equipment decontaminated in the plant.
The preferred process was treatment with a dilute solution of
alkaline permanganate followed by a dilute nitric acid-potassium
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fluoride mixture. For the first step, a solution of about 0.1M
KMnO, in 1.3M NaOH represented approximately the minimum concen-
tration for consistently good results. For the second step, the
most effective simple reagent was a solution of 0.IM KF in 0.5M
HNO;. The latter solution was also the most effective single
decontaminant but was much more effective in the two-step process.
The addition of a small amount of aluminum nitrate to reduce
corrosion did not reduce the effectiveness of the two-step system.
However, the fluoride attack on stainless steel is sufficiently
low that this added protection generally is nnt needed. Dilute
oxalic acid and hydroxylamine sulfate have also been found effective
in certain applications for the second step. The results of the
tests are summarized in Figure 1, illustrating both the beta and
gamma decontamination which can be obtained with selected decon-
taminating reagents applied in two stages with a water rinse
between each stage.

The temperature of application should be at least 85°C for
optimum results in decontamination with dilute solutiocns. If the
temperature is 85°C or above, treatment beyond 5-10 minutes usually
is not necessary {Figure 1). If additicnal decontamination is
desired, the two-step process should be repeated rather than
extending the time of treatment. A water rinse between the alkaline
and acidic solutions is necessary both for effective decontamination
and for avoiding acid-base reactions.

Decreasing the concentration of either sodium hydroxide or
nitric acid below the recommended minimum levels decreases the
effectiveness of the decontaminant. Experience has also shown that
there is little or no advantage in increasing the concentration of
either reagent; strong nitric acid has the adverse effect of de-
creasing the solubility of [luoride complexes. Increasing the
fluoride concentration of the second step improves decontamination,
but results in increased corrosion of stainless steel. Eliminating
potassium permanganate in the first step or potassium fluoride in
the second step reduces the effectiveness of the two-step decon-
tamination process; neither sodium hydroxide nor nitric acid alone
are particularly good decontaminants for fission products. Results
of these tests are shown in Figure 1.

Several proprietary formulations for decontamination were as
effective as the recommended dilute reagents, but were costly when
applied at recommended strengths; when diluted, they are much less
effective. Detergents are beneficial primarily for removing
activity from olly surfaces. Several commercial detergents were
tested, ranging from a relatively mild household cleaner to strongly
alkaline industrial cleaners, including a detergent developed
specifically for decontamination. In general, the fission product
activity on non-oily stainless steel was reduced about a factor of
two by the various detergents at 2% concentration and 85°C; higher
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Treatments
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2
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1
1
1
2
1
2
1
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2
1
2
1
2
1
2
1
2
1
2
1
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1.3M Sodium Hydroxide, 0.13M Potassium Permanganate
0.12M Potassium Oxalate

4M Sodium Hydroxide, 0.13M Potassium Fluoride
0.5M Oxalic Acid

0.5M Nitric Acid, 0.1M Potassium Fluoride
0.5M Nitric Acid, 0.05M Potassium Fluoride

0.5M Nitric Acid, 0.1M Potassium Fluoride
Repeat Step 1

0.5M Nitric Acid, 0.5M Potassium Fluoride
Repeat Step 1

.3M Sodium Hydroxide, 0.13M Potassium Permanganate
LOM Nitric Acid, 0.1M Potassium Fluoride

minutes at 85°C
minutes at 30°C

minutes at 30°C
minutes at 85°C

.25M Sodium Hydroxide, 0.13M Potassium Permanganage - 5 minutes
.2M Nitric Acid, 0.05M Aluminum Nitrate, 0.1M Potassium Fluoride - 5 minutes

.25M Sodium Hydroxide, 0.13M Potassium Permanganate - 15 minutes
.2M Nitric Acid, 0.05M Aluminum Nitrate, 0.1M Potassium Fluporide - 5 minutes

.25M Sodium Hydroxide, 0.13M Potassium Permanganate - 5 minutes
2M Nitric Acid, 0.05M Aluminum Nitrate, 0.1M Potassijum Flugride - 15 minutes

.25M Sodium Hydroxide, 0.13M Potassium Permanganate - 15 minutes
.2M Nitric Acid, 0.05M Aluminum Nitrate, 0.IM Potassium Fluoride - 15 minutes

Single Step Treatment
{Average of Detergents at 2% Concentration)

1.25M Sodium Hydrgxide
0.5M Nitric Acid, 0.05M Potassium Hydroxide

0.25M Sodium Hydroxide
Repeat Step 1

e (D= (Thed (D= N T (D amd

4M Sodium Hydroxide, 0.13M Potassium Permanganate
0.5M Nitric Acid, 0.05M Potassium Fluoride

4M Sodium Hydroxide
0.5M Nitric Acid

1.6M Nitric Acid
Repeat Step 1

0.5M Nitric Acid



concentrations do not improve the results. In contrast, the
recommended dilute reagents decreased activity by a factor of
100 in similar tests.

Promising results were obtained with several proprietary
reagents for rust removal and with aluminum cleaners. Such reagents
may be of value as substitutes for the two-step process in special
applications such as the decontamination of carbon steel framework.

When reagents are used to clean the interiors of vessels, the
solutions should be removed continuously from the vessels, or the
solutions should be circulated or agitated to reduce the potential
for redeposition of radicactivity from the liquid. Agitating
solutions in vessels by steam sparging helps keep the solutions
hot. Much of the advantage of using hot solutions in decontamination
may be lost by redeposition of radiocactive material if the solutions
are allowed to cool while in contact with the equipment being
cleaned.

FACILITIES AND OPERATION

The decontamination facility (Figure 2) is a cell in a heavily
shielded section of a separations building. The cell has a stainless
steel liner that forms a tank 13 ft wide, 20 ft long, and 14 ft deep
(Figure 3)}. Above the tank is a catwalk extending along one end and
a side. The cell was originally designed to make it possible to
work from the catwalk on contaminated equipment submerged in water
for gamma shielding. The tank is no Jonger filled with water. In-
stead, a steel and lead shielding wall with three lead-glass windows
was installed along the front of the catwalk at the end of the cell.
An airlock at the corner of the end and side catwalks protects
perscnnel behind the shield from airborne contamination during de-
contamination operations, but the airlock allows access to the
side catwalk when necessary unless the radiation level in the
decontamination cell prohibits entry. Thus, from the protected zone
behind the wall, operators can decontaminate equipment in the tank
and observe the work without exposure to the intense radiation, and
without special protective clothing (Figure 4). Normally, overalls
or laboratory coats, shoe covers, and cotton work gloves provide
adequate contamination protection; respiratory protection is not
needed.

A positive displacement pump (Figure 5) with a capacity of 28
gpm at 3000 psig is installed in an adjacent corridor as a source
of high pressure water. The pump discharge is piped into the de-
contamination facility through one of the access ports in the
shielding wall, and terminates over the end of the tank. High-
pressure jet nozzles within the facility are connected by
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F1G. 3 DECONTAMINATION FACILITY (PERSPECTIVE VIEW)

- 16 -



FIG. 4 OPERATING AREA OF DECONTAMINATION FACILITY
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flexible hose. In addition to the high-pressure system, both a |
conventional steam hydrocleaner and an injector-based hydraulic jet
cleaner ("Super Booster Jet''*) are provided on the extension of the
catwalk along one side of the cell, adjacent to the shielded
operating area; these units are also connected to appropriate dis-
charge nozzles in the tank by high-pressure flexible hose.

The nozzles, cleaning lances, and other devices can be picked
up and directed by an electrically powered manipulator arm that
is mounted on a vertical track and heoist in a corner of the tank
near the shielding wall. The arm has an 8-ft reach, a vertical
travel of 12 ft, and a lifting capacity of 150 1b when fully
extended (Figure 6). The controls for the high-pressure system
and a simple portable conscle to direct the manipulator are located
behind the shielding wall. 1In addition to directing the jets, the
manipulator makes radiation surveys with instruments, makes smear
surveys for contamination, positions mirrors for inspecting equip-
ment, and performs other auxiliary tasks that were formerly done
manually or could not be done if the radiation was prohibitive.
The manipulator can also direct a small television camera for close
inspection of equipment. Within the cell, the manipulator is sup-
plemented by a 1/2-ton jib crane. Heavy equipment 1s introduced
and removed from the decontamination facility by a large bridge .
crane that serves all of the shielded production line.

After remote decontamination, equipment for interim storage or
disposal is transferred to the burial ground. Equipment that re-
quires only minor maintenance is repaired remotely with the manipu-
lator and returned to service with little delay. Some manual repairs
are made when radiation levels permit personnel entry to the cell.
Equipment thdt requires extensive repairs or modification is trans-
ferred to a section of the building more suitable for work with low
to intermediate levels of contamination.

The high-velocity jet is used to remove nearly all of the
smearable activity from the surfaces of process equipment. Major
decontamination has been performed remotely with jets of hot water
discharged at approximately 200 ft/sec from the hydraulic jet
cleaner and with cold water discharged at about 650 ft/sec from
the high-pressure pumping system. The jet techniques with water
alone have two advantages: they are effective aids in the decon-
tamination of equipment, and they do not contribute chemical reagents
and detergents that must be retained in waste storage.

* Registered tradename of the Sellers Injector Corporation,
Philadelphia, Pa.

_ 18 -



. ~.

383

o

¥

¢
Y
%.

6 ELECTROMECHANICAL MANIPULATOR

IG.

.

19




The hydraulic jet cleaner has been used more than either the
high-pressure system or the steam hydrocleaner. The unit is a
modified injector which uses dry plant steam and cold water to
develop pressures 2-4 times the pressure of the input steam; the
stream of hot water is discharged at velocities of 120-250 ft/sec
at 80-99°C. Although detergents and other cleaning agents can be
discharged through the hydraulic jet cleaner, water is generally
used without additives. The major advantage of this equipment
over the conventicnal steam hydrocleaner is the greater impact and
cleaning range of the water jet relative to saturated steam and
entrained cleaning agent; the hydraulic jet cleaner is most effective
at 6-12 inches (Figure 7), but is still fairly effective even at 6 ft.

The steam hydrocleaner does not effectively decontaminate sur-
faces more than a few inches from the nozzle and is used principally
to apply reagents or detergents where both heat and chemical action
are needed, and where impact is less important. In normal practice,
a combination of jet and chemical techniques may be used to obtain
the desired degree of decontamination with minimum effort.

ACCOMPLISHMENTS

Several hundred separate pieces of apparatus were decontami-
nated during the five years that the experimental facility was in
use. They ranged from auxiliary parts of processing equipment
{such as coverplates or thermowells that needed partial decontami-
nation to permit rapid contact maintenance, perhaps the replacement
of a gasket) to major units of equipment (such as centrifuges,
which require extensive removal of radicactive contaminants to
permit disassembly and overhaul). The facility became a func-
tional ‘adjunct to operations and a convenient means for reducing
the problems associated with the maintenance of contaminated
equipment. The decontamination facility also was included as a
factor in long-range planning and scheduling of both manpower
and process equipment. Some typical examples of equipment decon-
taminated for repair, reuse, or examination are:

Batch Evaporator Pots
Agitators

Batch Evaporator Condensers
Continuous Evaporator Condensers
Centrifuges -
Scrubber Pumps

Resin Columns

Dissolver Pot

Fuel Storage Rack

Transfer Pumps

Barrier Wall Section
Miscellaneous Items

CHEFNRFFNMNO NN W

V30
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The resulting savings on this equipment is shown in Table I.
The annual savings in equipment decontaminated is somewhat over
$500,000 for each of the separations plants.

TABLE T
TYPICAL SAVINGS ON EQUIPMENT

Equipment New Decongggzh;iion Repair  Savings,$
Centrifuge 80,000 1,300 6,100 72,600
Scrubber Pump 16,000 500 1,500 14,000
Agitator 12,000 500 4,000 7,500
Evaporator Pot 65,000 11,000 31,000 23,000
Evaporator Pot 65,000 6,000 11,000 48,000
Evaporator Pot 65,000 3,000 31,000 31,000
Centrifuge 80,000 1,500 11,000 67,500
Centrifuge 80,000 1,000 11,000 68,000
Evaporator Columns (3) 120,000 3,000 30,000 87,000 -
Scrubbexr Pumps (2) 16,000 1,000 2,000 13,000
Evaporator Pot 65,000 3,000 31,000 31,000
Agitator 12,000 1,000 1,000 10,000
Agitators (3) 30,000 1,500 3,000 25,500

As a result of the experience and accomplishments in the
experimental decontamination facility, the heavy-duty electro-
mechanical manipulator has been replaced with a new and improved
model, and a remotely operated jib crane has been installed for
increased efficiency and maneuverability. Some additional
improvements are:

) A lift table for tools and attachments was placed in the cell
below the shielding windows where it can be reached with the

manipulator.

) A circulating pump for decontaminating solutions was installed
to improve flushing of large equipment.

. The illumination was increased.

. Washers were provided for the in-cell sides of the windows

in the shielding wall.

In addition to the improvements made in the original facility, a
similar decontamination facility was installed in the companion
separations plant.
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The types of work now done routinely include many not con-
templated when the first facility was completed. For example, a
dissolver that had been in use for several years (in good working
order but not needed for current production) was cleaned enough
to permit above-ground storage. Formerly, such a vessel would
either be stored behind shielding in the process building or be
buried. Another example has been the cleaning of crane hooks
used to charge dissolvers. These hooks are often sources for
spreading contamination to other sections in the process area.
Manual contact decontamination, formerly standard practice, re-
sulted in undesirable exposure to personnel. Now the hooks are
cleaned routinely in the decontamination facilities with little
exposure, lower cost, and little spread of contamination.

The shielding wall with windows and access ports, the
manipulators, and the high-velocity jets were also beneficial
in that a number of support operations have been performed in
addition to decontaminating equipment in each of the plants.
The fact that the decontamination facilities are within the
separations process buildings has been a major factor in this
use. For example, if a connection on a remotely attached pipe
jumper does not ''make up" as it should, or an instrument reports
unexplainable information, the quickest way to diagnose such
problems is by direct observation. Previously, hours or even
days of trials and deductions were needed to determine the
trouble; now a moment of observation may provide the answer.
Occasionally a minor adjustment can be made with the manipulator
or manually through the access ports in the shielding wall.
Flanges, gaskets in connectors, and damaged equipment have also
been inspected.

The high velocity jets have been used to remove old gaskets
from connectors and to scour residual gasket material from flanges
of large condensers and other equipment, so that personnel were
not required to enter high radiation fields. A number of these
operations as well as other routine tasks, such as making radio-
graphs of contaminated equipment and measuring connectors before
remote installation on process vessels, have been performed with
the manipulators.
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APPENDIX

ABRASIVE CLEANING

Abrasive cleaning is the impingement of a stream of abrasive
material at high velocity against a surface. The abrasive may he
propelled by water at high pressure, by centrifugal force, or by
compressed air. The action can be varied to polish, scour, or peen
the surface, depending upon the type of abrasive and the conditioms
of application.

Where applicable, abrasive cleaning is a rapid, effective, and
economical means for removing contaminated paint and for removing
some of the surface of concrete and metal objects. Abrasive clean-
ing has been used where other methods have been inadequate or too
slow. The applications have been limited primarily to the walls
and floors of buildings and to the exterior surfaces of process
equipment, vehicles, heavy equipment, and other surfaces where
rather severe roughening of the surface does not destroy the use-
fulness of the item that is decontaminated. Surface removal by
abrasive blasting is most commonly used on porous surfaces, such as
concrete, where activity has penetrated to the extent that it is
not effectively removed by liquid cleaning methods.

Abrasive cleaning includes both wet and dry methods, with many
variations in techniques and equipment and a broad selection of
abrasive materials. As in chemical decontamination, there is no
single technique or abrasive material that is universally applicable.
The material of construction of the contaminated surface or equip-
ment, the area and complexity of the surface, the level and type of
contamination, and the extent to which the surface must be decon-
taminated must be considered.

Some disadvantages inherent in decontamination limit the
effectiveness and the applications of abrasive cleaning. For
example, minute amounts of dirt, grease or other solids retained
in small holes, fillets, cracks, and crevices found on most equip-
ment is not a serious problem in ordinary industrial cleaning.
However, with contaminated equipment, such residues contain radio-
active material and therefore must be removed. If the confined
areas are smaller than the abrasive, the soil is not removed unless
enough surface is removed to eliminate the confined area, and such
drastic treatment can severely damage the equipment. Finished
surfaces, as well as edges and corners that need to retain their
sharpness, are likely to be damaged unless cleaned with soft
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abrasives, fine abrasives applied at reduced velocity, or fine
abrasives applied by wet methods. Such mild treatments may not
provide adequate decontamination.

DRY BLASTING

Dry blast cleaning with ordinary sand propelled by compressed
air is one of the most widely used techniques because it is simple
and versatile, Normal commercial sand averages about 50 mesh
(range 20-100) and is a compromise between the rapid action of
coarse abrasive and minimum surface damage obtained with fine
abrasive. Fine sand of about 100 mesh causes correspondingly less
damage, but the cleaning action is very slow, and the dust is
difficult to retain, making it necessary to use containment or
other means of dust control,

Even with fine sand or mineral abrasives, the cutting action
in dry abrasive blasting is not easy to control. The amount of
surface removed and the rate of removal depend on the skill and
attention of the operator as well as the physical characteristics
of the abrasive and the air pressure.

Although dry sandblasting is very effective for decontamination,
extreme care is required to control the airborne dust. The dust is
very difficult to remove from other surfaces, especially from pro-
tective clothing.?” The dust can be controlled by enclosing the
cleaning operation, maintaining the enclosure under negative
pressure, and filtering the airborne dust from the exhaust air.

If the abrasive is to be reused, the good abrasive must be separated
from the fines in a separate system because the exhaust removes only
the material that is airborne. The abrasive is usually allowed to
fall into a bin or collection chamber under the enclosure so that it
can be removed for disposal or for screening and recovery. The en-
closure and the air control reduce the economic advantage of dry
blast cleaning and place physical restrictions on the size and ease
of handling of the equipment that is to be decontaminated.

Metal oxide abrasives are less friable than sand and are suit-
able for reuse. Stainless steel laboratory equipment has been
decontaminated’* at Hanford in a small ventilated cabinet by carbo-
rundum mixed with 10% aluminum oxide and propelled by air at about
25 psig. An estimated 99% of the activity was removed. Over a
period of several months, some beta-gamma activity was retained on
the abrasive but no alpha activity was detected. No problem was
encountered with dust or airborne activity outside the containment
cabinet.
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Very little dust is produced by metallic abrasives, and if
they can be reused without a contamination or radiation problem,
the life is 20 to 100 times that of sand, depending on the material.
Steel abrasive has a much longer life than iron. Cut steel wire
and steel and iron shot have been investigated to a limited extent®’
for the removal of moderate levels of activity from contaminated
steel equipment where precision and finished surfaces were not
involved, and for partial decontamination of nonrecoverable items
before disposal. The retention of activity on the metallic abrasives
was not a problem in the low level work, but further investigation
is necessary to establish limitations for applications with highly
contaminated equipment.

WET BLASTING

Wet blasting techniques are better than dry blasting techniques
for maintaining fine finishes, and they also provide substantial
scouring action for effective decontamination. By selection of
method and choice of abrasive, the cleaning action can be varied
from fine scouring to rapid, coarse cutting. With appropriate
fine abrasives, it is possible to maintain a finish with less than
one mil loss.

In wet sandblasting, common sand is mixed with water, and the
mixture is propelled by compressed air. Commercial equipment 1is
available to provide appropriate mixtures. Blasting with wet sand
is fast and is often used commercially to clean large surfaces when
dust must be avoided.

Two disadvantages are inherent in the application of wet blast-
ing to decontamination: 1} the waste water as well as sand must be
retained and monitored before disposal, and 2) fine sand particles
that are formed by comminution of the abrasive are wet, adhere
strongly to the metal surfaces that have been cleaned, and have to
be removed by brushing. The water may also wash the fine abrasives
into cracks, holes, and other confined areas so that additional
effort is required to remove the residual abrasive material even
after it is dried.

At the Savannah River Plant, wet blasting has been very effective
in avoiding airborne contamination during decontamination of equipment
that would otherwise be cleaned by dry sandblasting. In a typical
application, wet sand was used to decontaminate a cask for trans-
porting irradiated fuel. The beta-gamma radiation was reduced by a
factor of 100 without difficulty. The wet blast from a conventional
straight nozzle was very effective on flat surfaces, but was less
effective on less accessible areas such as the inside cavity and
areas between the cooling fins of the cask. Nozzles with a 45°
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offset were used to decontaminate these areas. Wet sandblasting

did not remove contamination from blind holes for threaded bolts.
Other items decontaminated by wet sandblasting include tanks

and heating and cooling coils from contaminated vessels. Difficulty
was encountered in removing all of the fine comminuted sand from
flat surfaces as well as from corners and crevices. Development
work on the use of wet honing to decontaminate finished surfaces
such as flanges was discontinued after the application of dilute
chemical reagents with jets, and the successful demonstration of
high-velocity jets of water for general decontamination,
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