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SUMMARY

Research conducted at the Pacific Northwest Laboratory for the United States' Department of
Energy showed that vibratory finishing is a rapid and effective technique for removing plutonium
and other radionuclide contamination from a variety of metallic and nonmetallic surfaces. The
major objective of this research is to develop vibratory finishing into a large-scale decontami-
nation technique that can economically remove transuranic and other surface contamination from
large volumes of waste produced by the operation and decommissioning of retired nuclear facili-
ties. The successful development and widespread application of this decontamination technique
would substantially reduce the volume of waste requiring expensive geologic disposal. Other
benefits include exposure reduction for decontamination personnel and reduced risk of environ-

mental contamination.

Laboratory-scale studies conducted by Pacific Northwest Laboratory, in cooperation with
Rockwell Hanford Operations Company and UNC Nuclear Industries, showed that vibratory finishing
can rapidly reduce the contamination level of transuranic-contaminated stainless steel and
Plexiglas® to well below the 10-nCi/g 1imit. For example, the plutonium contamination levels
of steel tools and stainless steel glove-box panels and ventilation ducts have been reduced
from greater than 4 x 10° dis/min.100 cm’ to less than 10,000 dis/min-100 cm’ in one hour of
processing time. Other objects that were decontaminated by vibratory finishing include
Plexiglas® panels, glass tanks, Neoprene® gaskets, rubber gaskets, Hypa]oﬁg gloves, polyvinyl
chloride sheet plastic and vinyl bag-out bags.

In addition to the laboratory studies, the capability of vibratory finishing as a decon-
tamination process was demonstrated on a large scale. The first decontamination demonstration
was conducted at the Hanford N-Reactor, where a vibratory finisher was installed to reduce
personnel exposure during the summer outage. Items decontaminated included fuel spacers,
process-tube end caps, process-tube inserts, pump parts, ball-channel inspection tools and
miscellaneous hand tools. A second demonstration is currently being conducted in the decon-
tamination facility at the Hanford 231-7Z Building. During this demonstration, transuranic-
contaminated material from decommissioned plutonium facilities is being decontaminated to less
than 10 nCi/g to minimize the volume of material that will require geologic disposal. Items
that are being decontaminated include entire glove boxes, process-hood structural material and
panels, process tanks, process-tank shields, pumps, valves and hand tools used during the
decommissioning work.

®Tradename of Rohm and Haas Co.
®Tradename of E. I. duPont deNemours Co. (Hypalon and Neoprene).



Solution handling systems were also developed to minimize the generation of secondary
waste. In addition, waste-treatment processes were developed to further minimize the volume

of waste generated by vibratory finishing and to convert this waste into an approved form for
disposal.

Vibratory finishing has great potential for both exposure-reduction and volume-reduction
applications. The simplicity and versatility of vibratory finishing combined with minimal

operator requirements make vibratory finishing particularly suitable for field decontamination
installations.
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INTRODUCTION

The operation and eventual decommissioning of nuclear industry facilities will generate
large quantities of surface-contaminated metallic and nonmetallic waste. This waste, particu-
larly that contaminated with transuranic (TRU) elements, will require expensive handling,
interim storage and ultimate geologic disposal. Removing the surface contamination would elim-
inate both the expense of storing and disposing of radiocactive waste and any associated risk
of environmental contamination.

Vibratory finishing is a mass, surface-finishing technique that has been used commercially
since 1957 to remove burrs, generate radii, improve surface finishes, and degrease and clean
various metallic and nonmetallic objects (Gillespie 1976). The finishing process takes place
in a vibrating tub of loose media through which flows a 1iquid chemical compound. The energy
from the tub causes the media to scrub the surfaces of the objects, while the liquid compound
flushes away the material removed by the scrubbing action. The process is effective on exter-
nal and internal surfaces, in threads and in holes. The feature that has made vibratory
finishing such an attractive mass-finishing technique in commercial industries is the ability
to achieve reproducible results on large volumes of material with minimal operator labor
requirements. This same feature makes vibratory finishing an attractive decontamination tech-
nigue for the nuclear industry.

As part of the nuclear-waste management program sponsored by the Department of Energy
(DOE), Pacific Northwest Laboratory (PNL) is developing vibratory finishing into a large-scale
decontamination technique for processing large volumes of surface-contaminated metallic and
nonmetallic waste. Pacific Northwest Laboratory is also developing the technology to 1) scale-
up the vibratory-finishing process, 2) maintain process safety and effectiveness, and 3) adapt
vibratory finishing to specific decontamination and exposure-reduction applications at Hanford
and other DOE sites. Finally, PNL will coordinate the transfer of vibratory-finishing tech-
nology to other DOE sites and the nuclear industry in general. The specific research and
development activites in which PNL is currently involved are:

e Tlaboratory-scale studies to understand decontamination mechanisms and to optimize
the decontamination process through proper selection of media, compounds and machine
settings

e establishment and operation of a demonstration decontamination system

e development of solution handling systems to minimize the volume o secondary
radioactive waste requiring disposal

e establishment of criticality safety limits and operating procedures for work with
fissile contaminants

e transfer of technology from the commercial vibratory-finishing industry to the nuclear
industry

e identification of future applications.

The progress of this work is presented and discussed in the following sections of this report.



VIBRATORY-FINISHING PROCESS

The vibratory-finishing process combines a mechanical scrubbing action with a chemical
cleaning action. This process takes place inside a vibratory tub that contains loose ceramic
or metal media (Figure 1). The energy from the vibrating tub causes the media to scrub the
surfaces of the parts to be decontaminated, while a Tiquid compound flushes away the material
removed by the scrubbing action. 4

Vibratory finishing is an extremely flexible process. It can be used to remove gross "
radioactive contamination, paint, grease, rust, scale and other forms of dirt. The process is
effective on flat-surfaced parts, the interior surfaces of pipe (Figure 2), parts with complex
shapes (Figure 3), parts with threads (Figure 4) and parts with holes (Figure 5). Vibratory
finishing is also effective on a variety of materials, including stainless steel, carbon steel,
glass, rubber, Plexiglas, Hypalon, and other miscellaneous plastics (Figure 6).

FIGURE 1. Schematic Drawing of the Vibratory-Finishing System Used for
Decontamination and Pretreatment Studies



FIGURE 2. Typical Sections of Pipe Before and After Vibratory Finishing(2)

(a) Note the heavy rust buildup inside the pipe on the left without vibratory
finishing and the appearance of the inside of the pipe on the right after
vibratory finishing.

FIGURE 3. Outboard Motor P?rts Deburred
Using Vibratory Finishing(2

(a) These parts demonstrate the ability
of vibratory finishing to process parts
with complex shapes.




FIGURE 4.

FIGURE 5.

Process-Tube End Caps Demonstrate the Ability of Vibratory
Finishing to Successfully Clean Threads

Gaskets That Demonstrate the Ability to Clean and Deburr Holes
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FIGURE 6, Stainless Steel, Plexiglas and Neoprene Decontaminated
by Vibratory Finishing

TYPES OF VIBRATORY FINISHERS

Two types of vibratory finishers are available, the tub type and the annular type. The
tub-type machine, as shown in Figure 7, has a rectangular vibrating tub that is rounded on the
bottom. The main advantage of this type of machine is its ability to process very large parts.
As an example, Tlarge diesel engine blocks and up to 42-ft-long, airplane wing spars are rou-
tinely deburred using custom-built, tub-type vibratory finishers (Figure 8). The tub-type
machines are available in either a batch (Figure 7) or a flow-through (Figure 9) configuration;
however, it is difficult to change from one configuration to another on a given machine. The
tub machines, especially the flow-through types, also occupy much more floor space than do
annular machines of the same capacity.

The annular vibratory finisher has a donut-shaped vibratory tub (Figure 10). The annular
machine can be equipped with an integral separator screen that separates the decontaminated
parts from the media and automatically unloads the parts. This screen is particularly effec-
tive when steel media weighing 300 1b;ft3 are used. With the separator screen the annular
system can easily be operated in either the flow-through or the batch mode. Annular machines
are effective in decontaminating large guantities of small- to moderate-sized parts (<6 by
18 in.). The capacity of annular vibratory finishers varies from 1 ft3 to greater than 50 ft3.



FIGURE 7. Standard Batch Tub-Type Vibratory Finisher with a 4-ft3 Capacity

FIGURE 8. Large Batch Tub-Type Vibratory Finisher Used to Deburr Diesel Engine Blocks



FIGURE 9.

Flow-Through, Tub-Type Vibratory Finisher

FIGURE 10.

Twelve-Cubic-Foot Annular Vibratory Finisher
Equipped with a Separator Screen



OPERATING THE VIBRATORY FINISHER

The operation of the vibratory finisher is basically the same for any size or configura-
tion. An electric motor drives a set of eccentric weights that are attached to the vibratory
tub. These weights, when rotated, impart a vibration to the tub. The amplitude and frequency
of vibration can be varied by adjusting the machine. The amplitude typically ranges from 1/64

(a)

to 1/4 in. and is varied by changing the angle of the weights. The frequency can range

from 750 to 2150 vpm and is varied by changing the angular velocity of the weights. By varying

amplitude and frequency, various feed rates, processing rates and surface finishes can be
obtained. P!

MEDIA

The media used for vibratory finishing are available in a wide variety of sizes, shapes
and materials. Of the available materials, ceramic and metal were shown to be the most suita-
ble for decontamination applications. Plastic and ceramic media are abrasive; aluminum oxide
or silicon carbide (the abrasive) is imbedded in a resin or ceramic matrix. This material is
then formed into pieces of precise sizes, shapes and hardnesses, Typical shapes include tri-
angles, cylinders, arrowheads, spheres and stars (Figure 11). The dimensions of these shapes
vary from 3/16 in. to several inches. The type of abrasive and the hardness of the matrix
determine the cutting rate of the media, which can range from 0.01 to 0.06 wt% of the media/h.
The higher the cutting rate the faster the media will decontaminate; however, a high cutting
rate results in more secondary waste due to a high self-wear rate. Fast-cutting media also
produce a rough mat finish on the decontaminated material. While media with a low cutting

Photo Courtesy of Roto-Finish Co., Inc.

FIGURE 11. Ceramic Media Used in Vibratory Finishing

(a) Technical Information, EDV-4, Vibratory Finishing Machine, Electro Deburring Co., Inc.,
Oak Creek, WI.
(b) Technical Information, Roto Tech Reports, Roto-Finish Co., Inc., Kalamazoo, MI.
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rate generally decontaminate slower, they generate less secondary waste due to the Tow self-
wear rate. Slow-cutting media also produce a finer finish on the decontaminated material. The
characteristics of slow- and fast-cutting media are summarized in Table 1.

Metal media are used for cleaning and burnishing in the metal-finishing industry. The
media are normally made from case-hardened carbon steel, but they are available in stainless
steel and zinc. There is no abrasive present in metal media. As with ceramic media, metal
media are available in a variety of sizes and shapes. Typical shapes for metal media are
spheres, oval balls, diagonals, diamonds, cones, pins and ballcones (Figure 12). The dimen-
sions of metal medja vary from 1/6 to 11/16 in. Metal media have an extremely low cutting
rate (<0.002 wt%/h) and virtually no self-wear. The secondary waste produced by vibratory
finishing with metal media consists only of the material removed from the surfaces of the
decontaminated items such as paint, rust, scale, dirt and radioactive contamination.

TABLE 1. Characteristics of Slow- and Fast-Cutting Media

Characteristics

Media Decontamination Secondary Waste
Media Wear Rate Produced Finish
Fast-cutting high fast large rough
Slow-cutting Tow slow small fine

&< Batlelle nahen
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FIGURE 12. Metal Media Used for Vibratory Finishing

MEDIA SELECTION

Several factors must be considered when selecting a media, including the desired surface
finish, the configuration and size of the parts to be decontaminated, and the amount of sec-
ondary waste that can be tolerated. The size and shape of the media selected will depend on
the size, shape and configuration of the part and on the presence and size of holes in the
part. The media must be able to reach recesses and holes in the part without becoming lodged.
The media must also be selected so as to allow separation of the media from the parts. This
can be done mechanically by using vibrating screen decks (Figures 9 and 10) or magnetically.



Decontamination requires generation of as little secondary waste as possible. For this
reason when decontamination is the sole objective, metal media should be used. However, if
the item being decontaminated will be reused and has specific surface-finish requirements or
dimensional tolerances that must be preserved, media that will fulfill these requirements must
be selected.

COMPOUND

To complete vibratory finishing, a liquid compound is added to the vibrating tub and
media. The main purpose of the compound is to lubricate and clean. However, special com-
pounds may be used that perform additional functions such as removing paint, grease, rust or
scale. Corrosion inhibitors or even chemical polishing solutions can be added for other spe-
cial effects. Very fine-mesh, abrasive particles may also be added to the liquid compound to
increase the amount of material removed. The compound is sprayed onto the top of the media,
percolates through the media, and flows through a drain in the bottom of the tub. The flow of
the compound through the media flushes the debris generated by vibratory finishing along with
the radiocactive material from the tub and concentrates it in a liquid-waste collection tank.
Typical flow rates are 2 ga]/h/ft3 of machine capacity.

10



VIBRATORY-FINISHING DECONTAMINATION STUDIES

This section describes the progression of vibratory-finishing studies that led to the
eventual decontamination of a plutonium-contaminated glove box. Vibratory finishing was first
tested as a pretreatment technique for electropolishing. The success of those initial tests
led to the installation of a vibratory finisher at Hanford's N-Reactor for further tests.
Later the vibratory finisher was installed in Hanford's 231-Z Building, where: 1) the use of
steel media was tested, 2) the decontamination of TRU-contaminated objects was both tested and
demonstrated and 3) the decontamination of nonmetallic objects was tested.

INITIAL TESTS

Vibratory finishing was first tested as a technique for pretreating surfaces before decon-
taminating them by electropolishing, which reguires clean, conductive surfaces (Allen et al.
1978). The first test load consisted of 16 contaminated, carbon steel pipe clamps (Figure 13)
from the Hanford N-Reactor with a total weight of 62 1b. These were processed in a 4-ft3.

‘ x:-J
Al

FIGURE 13. Pipe Clamps from the Hanford N-Reactor Being
Decontaminated in a Vibratory Finisher



tub-type vibratory finisher with ceramic media and a detergent compound. The initial radiation
level of the clamps averaged about 100 mrad/h, with most of the contamination associated with a
heavy rust layer. Four hours of vibratory finishing were sufficient to remove this corrosion
layer and leave a clean, bright surface ready for electropolishing. In addition, the average
radiation level was reduced to about 1 mrad/h.

The second test load consisted of 150 contaminated, carbon steel rings (3 in. in OD by 2
in. in ID by 0.4 in. thick; see Figure 14). These were processed in the same vibratory fin-
isher as the first test load using the same media. The rings weighed a total of 66 1b and had
an initial radiation reading of 3 to 6 mrad/h. This was reduced to less than 0.5 mrad/h after
four hours of vibratory finishing. Most of the remaining contamination was in small, inacces-
sible groaoves. However, this is not a problem as media can be obtained that would decontami-
nate these areas.

These two tests demonstrated that vibratory finishing can successfully remove gross beta/
gamma contamination as well as rust and other surface material to produce surfaces that are
clean and ready for final decontamination by electropolishing. (In this instance no further
decontamination was required since the decontaminated material was intended for reuse on
N-Reactor; therefore, exposure reduction and not complete decontamination was required.) Fur-
thermore, even after decontaminating this material, the media and the tub walls were found to
be essentially uncontaminated. The same abrasive action that removes the contamination also
keeps these surfaces clean. The contamination, rust, paint, spent abrasive, etc., are continu-
ously flushed out of the vibratory finisher into a waste container, where they can be collected
and concentrated for disposal. Thus, in addition to preparing surfaces for final decontamina-
tion by electropolishing, vibratory finishing is itself an effective decontamination technique.

FIGURE 14. Carbon Steel Rings from
the Hanford N-Reactor Decontaminated
by Vibratory Finishing

12
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N-REACTOR DEMONSTRATION

Based on the success of the initial testing of vibratory finishing as a decontamination
technique, the 4—ft3 vibratory finisher was temporarily installed at the Hanford N-Reactor
for intensive testing of its decontamination capabilities using contaminated components gener-
ated by the reactor's summer outage. Ceramic media and a 10%-sodium-hydroxide compound were
used during the N-Reactor demonstration. The compound was recirculated through the machine at
7 gal/h. These tests showed that the vibratory finisher effectively removes gross contamina-
tion and concentrates the contamination in a sludge tank. For example, process-tube end caps
and inserts that were treated in the vibratory finisher (Figure 15) were decontaminated to
15 mrad/h compared to 24 mrad/h for inserts treated by standard chemical decontamination meth-
ods. Cost comparisons performed by United Nuclear Corporation, operator of the N-Reactor,
indicated that the use of vibratory finishing, as opposed to regular chemical decontamination,
on process-tube end caps and inserts could save them over $8000/yr.

During the N-Reactor demonstration a total of 30.6 ftz of contaminated surface area

were processed in 30 hours, producing 1.4 ft3 of secondary waste. Items that were decontam-
inated included carbon steel process-tube end caps and inserts (Figure 15), an electric pump
motor housing (Figure 16) and various hand tools (Figure 17). The most dramatic reduction

in radiation level occurred on an end cap, where the Tevel was reduced from 1500 to 200 mrad/h
in four hours of processing time.

FIGURE 15. Process-Tube End Caps and Inserts Before (Left) and After (Right)
Decontamination by Vibratory Finishing

13



FIGURE 16. Electric Pump Motor Housing
from a Hanford N-Reactor Valve Decontami-
nated by Vibratory Finishing

FIGURE 17.

Hand Tools from Hanford N-Reactor Decontaminated by
Vibratory Finishing
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Another item processed was a ball-channel inspection tool (Figure 18) made of stainless
steel with rubber tubing covering about two-thirds of its length. The radiation level on the
tool was reduced from 1500 to 70 mrad/h, with a 300-mrad/h hot spot on the tubing. This demon-
strated the ability to decontaminate both metallic and nonmetallic materials simultaneously by
vibratory finishing.

\\\ﬂ

rgas

FIGURE 18. Ball-Channel Inspection Tools Used at Hanford N-Reactor After Decontamination
by Vibratory Finishing

USE OF STEEL MEDIA

When the N-Reactor demonstration was completed, the vibratory finisher and associated
sludge tank were installed in a stainless steel, walk-in glove box located in the Hanford 231-7
Building (Figure 19) for further testing using beta/gamma-contaminated items from N-Reactor.
Most of these tests were conducted using low-wear-rate steel burnishing media rather than the
ceramic-type deburring media used in the previous vibratory-finishing tests. The results from
the tests with metal media were very encouraging. The steel media rapidly removed grease,
rust, and both latex and enamel paint. In addition, their burnishing action was almost as
effective as the ceramic media's cutting action in removing most of the gross surface contami-
nation. More importantly, the surfaces were cleaned and decontaminated with essentially no
secondary waste generated from wear of the steel media.

The beta/gamma-contaminated mild-steel fuel spacers (Figure 20), process-tube end caps,
and process-tube inserts were vibratory-finished in the steel media for a total of 10 hours using
a commercial, liquid, burnishing compound. This test (Table 2) showed that average surface-
) contamination levels were substantially reduced and that most of this reduction occurred during

15



FIGURE 19. Four-Cubic-Foot, Tub-Type Vibratory-Finishing System with Recirculating
Compound System Installed in the Stainless Steel, Walk-in Glove Box
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FIGURE 20. Fuel Spacers from Hanford N-Reactor Before (Top) and After (Bottom)
Decontamination by Vibratory Finishing

16



TABLE 2. Decontamination of Beta/Gamma-Contaminated Components Using Vibratory
Finisher with Steel Media

Fixed Contamination, mrad/h

Initial After 1 h __After 2 h After 10 h
Component Qutside Inside QOutside Inside QOutside Inside Outside Inside
Fuel Spacer 800 10,000 20 100 25 75 15 70
Fuel Spacer 300 1,500 35 45 25 25 20 80
End Cap 200 5,000 20 700 10 100 10 120
End Cap 200 1,000 10 30 10 28 8 15
Insert 500 - 300 --- 250 --- 200 -
Insert 150 ——- 100 --- 130 --- 100 -—-
Steel media 2,000 1,000 400
(counts/min) (counts/min) (counts/min)

the first hour of processing. Moreover, even after only one hour of processing, all components
were either nonsmearable or had such low levels of smearable contamination (<1000 counts/min)
as to substantially facilitate subsequent handling and final decontamination operations.

The effects of a free abrasive on the decontamination capabilities of the steel media were
investigated by adding 1 kg of A102 abrasive at the end of the 10-hour run and then processing
for an additional hour. The added abrasive further reduced the fixed contamination levels by
about 60%, but the resulting secondary waste was an extremely fine powder that was very diffi-
cult to handle. It should be noted that although the steel media did not generate any second-
ary waste, it did become slightly contaminated (see Table 2). However, this contamination was
reduced to insignificant levels by the media's self-cleaning action as the run progressed.

TRANSURANIC DECONTAMINATION TESTS

The first test of the vibratory finisher with plutonium-contaminated material was con-
ducted using four pieces of stainless steel from Hanford glove boxes and two pieces of stain-
less steel (coated on one side with difficult-to-decontaminate epoxy) from Rocky Flats glove
boxes. Steel media and a paint-stripper compound were used for this test. The results (see
Table 3) showed that the vibratory finisher with the steel media very effectively removes plu-
tonium contamination. As in the case of beta/gamma-contaminated material, most of the decon-
tamination occurred within the first hour of processing and included complete elimination of
the smearable contamination. Moreover, the decontamination process was equally effective for
the epoxy-coated surfaces, illustrating the ability of vibratory finishing to decontaminate
selected, nonmetallic TRU-contaminated waste.

A follow-up test using the same steel media and compound was conducted to verify the ini-
tial test results and to obtain detailed decontamination-rate data for the first hour of decon-
tamination. Ten plutonium-contaminated, stainless steel, Hanford glove-box pieces were used.
The glove-box pieces were processed for 60 min in the steel media followed by an additional
60 min of processing in fast-cutting ceramic media with the same compound. The results are
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TABLE 3. Decontamination of Plutonium-Contaminated Glove-Box Sections Using Vibratory
Finisher with Steel Media

Surface Contamination, dis/min+100 cm?
Initial After 1 h After 10 h
Material/Source Contact Smear Contact Smear Contact Smear

Stainless Steel/Hanford 62,000 38,000 3,800 Nondetectable 2,500 Nondetectable
Stainless Steel/Hanford 88,000 25,000 8,800 Nondetectable 2,500 Nondetectable
Stainless Steel/Hanford 69,000 19,000 3,800 Nondetectable 2,500 Nondetectable
Stainless Steel/Hanford 750,000 94,000 7,500 Nondetectable 7,500 Nondetectable

Epoxy/Rocky Flats 125,000 50,000 5,600 Nondetectable Background Nondetectable

Stainless Steel/Rocky 69,000 13,000 10,000 Nondetectable 3,800 Nondetectable
Flats

Epoxy/Rocky Flats 250,000 3,000 11,000 Nondetectable 700 Nondetectable

Stainless Steel/Rocky 75,000 13,000 2,500 Nondetectable 15,000 Nondetectable
Flats

shown in Figure 21. The average contamination level of the ten samples dropped from 2,700,000
to 26,000 dis/min+100 cm2 in the first 6 min of processing in the steel media, which is a 90%
decrease in the contamination level. The samples were also essentially nonsmearable after this
brief treatment in the steel media. After the first 6 min the contamination level continued to
decrease, but at a substantially lower rate. After 60 min of processing in the steel media,
the fixed contamination level was 11,000 dis/min 100-cm2, representing removal of 96% of the
initial contamination. Subsequent processing of the same samples in the fast-cutting ceramic
media (Figure 21) reduced the contamination level by an additional 2%, to 4,500 dis/min+100 cm2.

Most of this decrease occurred during the first 15 min.
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FIGURE 21. Contamination Level Versus Time for Plutonium-Contaminated Glove-Box
Pieces Vibratory-Finished for 60 min in Steel Media Followed by 60 min
in Ceramic Media
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An additional 17 stainless steel, TRU-contaminated glove-box pieces were processed for one
hour using the fast-cutting ceramic media and the compound used in the previous test. Eleven
of these test pieces, from Rocky Flats' glove boxes, had one side coated with epoxy. Decon-
tamination in the vibratory finisher reduced the average contamination ievel of the stainless
steel surfaces from 250,000 to 3,400 dis/min-100 cm2 and that of the epoxy-coated surfaces from
196,000 to 1,400 dis/min-100 cmz. As before, the vibratory-finished surfaces were essentially

nonsmearable.

These tests show that vibratory-finishing techniques, using either ceramic or steel media,
are capable of rapidly removing gross plutonium contamination from both metallic and selected
nonmetallic (epoxy) surfaces. Although the ceramic media can decontaminate to lower levels,
the steel media have the substantial advantage of producing no secondary waste due to media
wear. Both types of media also produce essentially nonsmearable surfaces that are ideal for
subsequent handling and additional decontamination by electropolishing if desired.

TRANSURANIC DECONTAMINATION DEMONSTRATION

The effectiveness of vibratory finishing as a decontamination technique for TRU-
contaminated waste was further demonstrated by the successful decontamination of more than
400 ft2 of plutonium-contaminated metallic waste to beiow the 10-nCi/g Timit. This demon-
stration was divided into three parts to permit a direct comparison of processing parameters
and effectiveness for: 1) vibratory finishing only, 2) vibratory finishing followed by elec-
tropolishing, and 3) electropolishing only. The demonstration was conducted as a production-

type operation, with an emphasis on output and on maintaining realistic processing conditions.

Most of the test material used in the demonstration was typical plutonium-contaminated
metallic waste (pipe, ducting, glove-box pieces) generated by the decommissioning of a plu-
tonium facility. The material was sectioned into convenient sizes and shapes using mechanical
cutting methods. The sectioning time was not included in the processing time for the decon-
tamination demonstration.

The vibratory-finishing portion of the demonstration was conducted using the 4—ft3 vibra-
tory finisher enclosed in the walk-in glove box as in the previous TRU tests. Ceramic media
and a commercial, latex-stripper compound were used throughout the demonstration. Relatively
hard, ceramic, burnishing media were used initially because of their low wear rate compared to
other types of ceramic media. However, it soon became apparent that the media were not pro-
viding sufficient cleaning capabilities. Fast-cutting, but higher-wear-rate ceramic media were
tried. These media provided excellent cleaning capabilities and were used during most of the
demonstration.

The main problems encountered in the vibratory-finishing portion of the demonstration were
inadequate rinsing of the material after processing and handling the material in the glove box
without recontaminating it. A very effective, two-step rinse was developed consisting of an
initial rinse using recirculated compound from the vibratory finisher followed by a rinse with
high-pressure, high-purity water. The recontamination problem was solved by using two baskets
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to transport material, one to introduce material into the vibratory finisher and one for the
processed material. In addition, clean canvas gloves were worn over glove-box gloves when
removing material from the vibratory finisher. These canvas gloves were changed after every
run,

The vibratory finisher reduced the contamination level of the test material to an average
of 0.11 nCi/g, including 0.005-nCi/g smearable contamination. After perfecting the rinsing and
handling techniques, levels of only 0.0004-nCi/g smearable were obtained., This level is at the
detection 1imit of Hanford's field alpha-survey instruments. In practice, much of the material
had no detectable smearable contamination. Material with excessive smearable contamination was
rerun,

0f the 315 ft2 of material that were vibratory-finished, 131 ft2 were subsequently elec-

tropolished. The material was randomly selected for electropolishing. The vibratory-finished
material was ideal for final decontamination by electropolishing since it could be easily han-
dled and racked because of its low contamination level. In addition, electropolishing time was
minimized by the clean, completely conductive surface produced by the vibratory-finishing proc-
ess. Figure 2, for example, illustrates the ability of vibratory finishing to remove rust and
gross contamination even from the inside of pipe sections. The contamination that remained in
the vibratory-finished material was concentrated in rough welds or in small gaps at joints.

The last portion of the demonstration was conducted using electropolishing to decontami-
nate material that had not been processed in the vibratory finisher. The material required
repeated electropolishing with scraping and application of paint stripper between runs. This
resulted in longer electropolishing times and a much Tonger handling time per unit of material.

Table 4 summarizes the results of the three-part demonstration, It should be noted that
these results represent averages and not optimum values. The time requirements and final con-
tamination levels both decreased as the demonstration progressed, reflecting the normal evolu-
tion of research and development type procedures into production-oriented material handling
methods. Moreover, these results were generated using small, manually operated vibratory-
finishing and electropolishing systems and do not reflect the substantial increase in

TABLE 4. Comparison of Demonstration Results

Electropolishing Electropolishing
Vibratory After Vibratory Without Vibratory

Parameter/Result Finishing Finishing Finishing
Number of runs 19.0 21.0 21.0
Total area processed, ft 315.0 131.0 118.0
Processing time, min/run 65.0 12.0 36.0
Production rate, ft2/h 17.0 7.0 3.0
Labor, man-h/ft? 0.14 0.37 0.72
Final contamination level, nCi/g 0.11 0.0006(2) 0.0014(2)

(a) Electropolishing can completely decontaminate metallic surfaces. The objective of
this study was just to decontaminate material to well below the 10-nCi/g limit.
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production rate and decrease in labor requirements that could be realized through system scale
up and automation.

The results of the demonstration show that both vibratory-finishing and electropolishing
techniques are capable of decontaminating typical TRU-contaminated metallic waste to well below
the 10-nCi/g limit and that large amounts of material can be decontaminated on a sustained
basis. The results also show that vibratory finishing is a very effective pretreatment method
to prepare material for final decontamination by electropolishing.

DECONTAMINATION OF NONMETALLICS

Although previous studies showed vibratory finishing to be effective for the decontamina-
tion of certain nonmetallics (epoxy and rubber), additional tests were conducted to determine
the effectiveness of vibratory finishing in decontaminating the wide range of nonmetallics
encountered in the decommissioning of TRU facilities. Metal media and a sodium-hydroxide com-
pound were used during these tests. Approximately 40 ftz of Plexiglas taken from a pluto-
nium-contaminated glove-box panel and from a splash guard were processed in the vibratory
finisher. The contaminated material was sectioned into 4- by 8-in. pieces to allow smooth,
easy operation. Vibratory finishing reduced contamination to nondetectable levels except in
cracks and holes, where levels averaged 0.18 nCi/g. The Plexiglas had a frosted, opague
appearance after processing (Figure 22). A Neoprene gasket was also taken from the glove-box

FIGURE 22. P]utonium-ContaminaFe? Nonmetallic Material Decontaminated by

Vibratory Finishing\@

(a) Materials are a Plexiglas section, an Hypalon glove section, a plastic glove
port, and a Neoprene gasket.
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panel, cut into 6-in. lengths, and processed in the vibratory finisher. The contamination Tevel
of the gasket was reduced to nondetectable except in the notch of the gasket, where smearable
contamination of about 0.2 nCi/g was detected.

An entire plutonium-contaminated Hypalon glove-box glove was also processed in the vibra-
tory finisher. The glove was cut along its entire length (Figure 22) to provide all glove
surfaces with unobstructed access to the media and compound. The glove rolled with the media
but tended to bunch up, shielding some surfaces from decontamination. After one hour of proc-
essing, portions of the glove had no detectable contamination while other portions showed
little or no decontamination. A contaminated portion, 3 by 6 in., was cut from the glove and
was processed for an additional hour. No bunching was observed and contamination was reduced
to nondetectable levels. This means that, for successful decontamination, very flexible mate-
rial such as gloves, bag-out bags or thin plastic sheets must be sectioned to eliminate the
bunching.

Plutonium-contaminated glass from a processing tank removed from a facility undergoing
decommissioning at Hanford was also successfully decontaminated in the vibratory finisher. The
pieces ranged from 4 by 6 in. to 6 by 8 in. (Figure 23). The contamination levels of the glass

were reduced to an average of 0.5 nCi/g.

FIGURE 23. Plutonium-Contaminated Glass
Decontaminated by Vibratory Finishing

DECONTAMINATION OF A PLUTONTUM-CONTAMINATED GLOVE BOX
2

A plutonium glove box with 46 ft° of contaminated surface area (Figure 24) was disas-
sembled, sectioned and converted intoc non-TRU waste using a combination of vibratory finishing

and electropolishing. The decontaminated materials (Figure 25) included the stainless steel
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FIGURE 24.

Plutonium-Contaminated Glove Box Being Disassembled
by Vibratory Finishing

Prior to Decontamination

FIGURE 25. Decontaminated Material from Plutonium-Contaminated

Glove Box
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glove-box floor, top and frame, the plastic panels, the plastic glove ports, the rubber gloves,
and even the plastic bags. The only components that were not processed were the filters and
the uncontaminated external hardware.

The glove box was about 24 in. long, 39 in. wide and 26 in. high, The floor, top and
frame were constructed of 3/15-in. stainless steel. The side panels were constructed of
1/4-in. Plexiglas. The contents of the box included a ram and die set, several dies, and
miscellaneous steel plates.

The stainless steel floor, top and frame were sectioned using a hand-held plasma-arc
torch. Most of the 32 ft2 of stainless steel were sectioned into squares of approximately
8 in. for processing in the vibratory finisher. The remaining stainless steel was sectioned
into three pieces about 6 ft2 each for treatment by direct-immersion electropolishing. The
Plexiglas, representing about 14 ft2 of the total contaminated surface area, was sectioned
by scoring it and breaking it into approximately 8-in. squares for decontamination by vibra-
tory finishing.

The stainless steel, Plexiglas, gaskets, gloves and miscellaneous sections were decontami-
nated simultaneously in the vibratory finisher. Steel media and a sodium-hydroxide compound
were used. There was no need to segregate the material by type or size. The vibratory-
finished material was then rinsed using a high-pressure water spray. Processing times were
typically one hour. A1l material was less than 1 nCi/g after decontamination with some mate-
rial less than 0.1 nCi/g.

This test showed that using steel media with sodium hydroxide as the compound effectively
reduces TRU contamination levels of the major metallic and nonmetallic materials from a typical
glove box. Wear rates for the processed stainless steel were from 0.01 to 0.02 wt%/h.
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ADDITIONAL VIBRATORY-FINISHING TESTS AND CONSIDERATIONS

The research described in the previous section showed that vibratory finishing is an
effective technique for removing plutonium and other radionuclide contamination from a variety
of metallic and nonmetallic surfaces. Most of the decontamination occurred within the first
20 min of vibratory finishing. Metal media were shown to decontaminate waste to less than
10 nCi/g, the 1imit for TRU waste, while producing virtually no solid secondary waste. Ceramic
media were also effective, but their use is limited due to the volume of secondary waste they
produce. In this section some additional vibratory-finishing tests and considerations are
discussed, such as the decontamination of softer materials and the decontamination of metal

media.

LIMITATIONS OF VIBRATORY FINISHING

The decontamination of softer materials, such as copper and lead, using vibratory fin-
ishing with steel media was evaluated. Transuranic-contaminated copper and lead sectidns were
processed along with stainless steel and Plexiglas sections. The levels of fixed contamination
on the lTead and copper increased during vibratory finishing, although smearable contamination
was reduced to nondetectable levels. Further tests will be conducted to determine whether the
fixed contamination levels on these softer materials can be successfully reduced by changing
the vibratory-finishing operating parameters.

Decontamination by vibratory finishing is also limited to surface contamination. Even
though proper media selection allows decontamination of a wide variety of configurations,
there may be parts that have surfaces that are inaccessible *o any media.

MEDIA DECONTAMINATION

During the processing of plutonium-contaminated waste in the vibratory finisher, the
contamination levels of the metal media (1/4-in. ballcones) began to rapidly increase. This
sudden increase in contamination was traced to the processing of plutonium-contaminated alumi-
num using sodium hydroxide as the compound. The sodium hydroxide reacted chemically with the
aluminum causing a film of contamination to form on the ballcones. An inspection of the ball-
cones disclosed a minute area on the ballcone that is inaccessible by other ballcones, prevent-
ing the removal of the contaminated film by the ncrmal self-cleaning process. The problem was
rectified by the addition of a commercial acidic compound that chemically removed the contami-
nated film. Once the contamination level of the media stabilized, sodium hydroxide was once
again used as the compound and the contamination level of the media remained stable. This
problem may be avoided in the future by the use of cone-shaped mctiz. media that possess similar
cleaning properties to the ballcone, but do not have inaccessible suiiaces and should be com-
pletely self-cleaning. In addition, the use of a sodium-hydroxide compound should be avoided
when decontaminating aluminum in the vibratory finisher.
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DECONTAMINATION OF MOLYBDENUM

An annular, high-production vibratory finisher with a 12—ft3 capacity and an integral
media-separation screen was used with chemical decontamination techniques to decontaminate
3000 1b of uranium-contaminated molybdenum (Figure 26). Fast-cutting ceramic media and a
commercial deburring compound were used during this test. Up to 600 1b of molybdenum were
processed per batch. The typical processing time was one hour/batch. The final contamina-
tion levels were reduced to less than 2200 dis/min+100 cme, which allowed unrestricted
release of the molybdenum.

FIGURE 26. Uranium-Contaminated Molybdenum Decontaminated by Vibratory Finishing
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SOLUTION HANDLING

Efficient handling of the 1liquid waste generated by the vibratory-finishing process is
the key to the effective use of this process as a decontamination technique. In traditional
metal-finishing applications, the waste from vibratory finishing is simply discharged down a
convenient drain. While water-quality regulations are beginning to change this practice, the
regulations faced by the metal-finishing industry are not nearly as stringent as those faced
by the nuclear industry for the disposal of radioactive waste. Several techniques were evalu-
ated for handling radiocactive waste from vibratory finishing. These techniques minimize the
volume of waste generated and allow for final disposal in approved forms.

RECIRCULATION SYSTEM

The recirculation system, shown in Figure 27, generates the least volume of secondary
waste. In this system, a batch of liquid compound is prepared in a settling tank. The liquid
compound is then pumped from the top of the settling tank into the vibratory finisher. The
secondary waste from the vibratory-finishing process is then collected in the settling tank.
The solid particles are allowed to settle to the bottom of the tank, which is lined for easy
removal of the resulting sludge. Approximately 90% of the 5-um and larger particles settle
out in this settling tank. The Tiquid is then filtered and recirculated through the vibra-
tory finisher as before. Concentrated compound is added periodically to replace the chemicals
that are consumed during the vibratory-finishing process. The liquid compound is changed when
sludge builds up (if ceramic media are used), when radiation levels in the collection tank
increase, or when fissile material concentrations approach criticality safety limits.
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FIGURE 27. Recirculation System for Liquid Compound Used in
Vibratory-Finishing Decontamination
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The amount and type of solid waste that is collected in the settling tank will depend on
whether ceramic or metal media are used. When metal media are used, most of the solid waste
will be collected by the filters; a two-stage filtration system with a 15-um filter followed by
a 1-um filter is very effective. Only trace amounts of solid waste will be collected in the
settling tank. However, the use of ceramic media creates problems due to the large amount of
waste generated by media self-wear. This can range up to 1.2 wt¥%/h, corresponding to the gen-
eration of about 2.4 1b/h of waste from a small 4-ft3 vibratory finisher. Even though about
90% of the suspended solids can be removed by the settling tank, the remaining particles, rang-
ing to less than 0.25 um, rapidly plug the filters requiring frequent filter changes.

An additional disadvantage of the recirculation system is that the compound rapidly
becomes dirty, which reduces its effectiveness in removing the waste from the vibratory tub.
Therefore, parts decontaminated using a recirculation system require very thorough rinsing to
remove this contaminated compound residue.

FLOW-THROUGH SYSTEM

Flow-through systems are normally used in the metal-finishing industry where waste dis-
posal is not a critical problem. The system shown in Figure 28 consists of a water supply to
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FIGURE 28. Flow-Through System for Liquid Compound Used in
Vibratory-Finishing Decontamination
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which concentrated compound is added. This solution is then passed through the vibratory tub
and the resulting waste is collected in a holding tank. An agitation tank has been used suc-
cessfully to collect the resulting waste and keep the solid particles in suspension until the
liquid can be pumped to a waste-processing system for clarification and final disposal. The
operation of this system is the same whether ceramic or metal media are used.

The chief advantage of the flow-through system is that clean compound is constantly used
which results in more efficient removal of waste from the vibratory tub. The proper use of
this system can reduce or even eliminate entirely the need for rinsing after vibratory finish-
ing. The disadvantage of this system is the volume of waste generated, about 2 gal of ligquid
per hour of operation for each cubic foot of machine capacity, plus any solid waste generated.

EVAPORATION OF THE LIQUID

The volume of clarified liquid from either the recirculation or flow-through system
can be reduced by evaporation. A dual-phase vacuum evaporator (Figure 29) installed in the
231-Z Building was used to successfully process clarified Tiquid generated by vibratory-
finishing decontamination. This evaporator has the capacity to purify up to 60 gal of Tliquid
per hour. The distillate is discharged into a nonradicactive drain after proper certification
is obtained. The concentrated bottoms from the evaporator are solidified with cement before
being disposed of as solid, low-level radioactive waste.

)

FIGURE 29. Dual-Phase Vacuum Evaporator Used to Heat Liquid Waste from
Vibratory-Finishing Decontamination
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During the evaporation of vibratory-finishing waste, foaming caused by some of the com-
mercially prepared compounds can be a problem. Foaming can result in carry-over of radionu-
clides into the distillate. The problem can be remedied by the use of low-foaming compounds
or by the addition of commercially available defoaming agents. Pretesting of compounds to
identify suitable defoaming agents is advised.

WASTE CLARIFICATION

Liquid waste must be clarified before it is evaporated to avoid sludge formation in the
bottom of the evaporator. Several clarification techniques were evaluated including centri-
fuging, filtration, and chemically enchanced settling. Of these techniques, filtration and
the use of polyelectrolytes to promote settling appear to be the most promising.

Filtration is particularly effective for the waste generated when metal media are used.
The small volume of solids produced when using metal media is easily removed by l-um filters.
However, filtration alone is not effective for waste generated when ceramic media are used due
to the large volume of very fine particles present in such waste. As mentioned above, these
fine particles quickly plug the filter cartridges and fill the filter housing.

The use of polyelectrolytes enhances the settling of the solid waste prior to filtra-
tion. Polyelectrolytes, which are polymers of high molecular weights, have been used success-
fully as clarifying agents for water and sewage treatment (Gutcho 1977). Laboratory tests
showed that polyelectrolytes both increase the volume of solids that settle from the liquid
and reduce the time that is required for separation (Figure 30). However, these tests also

FIGURE 30. Clarification of Vibratory-Finishing Waste Using Polyelectrolytes
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showed that individual polyelectrolytes are effective only for specific waste solutions. A
polyelectrolyte for universal application to vibratory-finishing waste has not been identified.

The use of a centrifuge was also tested for the clarification of vibratory-finishing
waste. The tests showed that while it was possibie to separate the sludge from the ligquid,

the sludge could not be easily removed from the centrifuge bowl. Additional tests will be
conducted to determine changes in operating parameters that will facilitate the removal of the

sludge from the centrifuge bowl.
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CRITICALITY SAFETY STUDIES

Criticality safety studies are important whenever there is a possibility of fissionable
material becoming concentrated within a system. Therefore, criticality safety analyses were
performed for both tub-type and annular-type vibratory-finishing systems. The results of the
analyses clearly show that the vibratory-finishing systems will remain subcritical during nor-
mal operating conditions. .

TUB-TYPE MACHINE

A detailed criticality analysis was conducted on the 4-ft3

(Figure 7) used for the initial decontamination tests. At a plutonium density of 1000 g plu- .
tonium/L of interstitial solution, the calculated neutron multiplication factor (Keff) was
0.77 with 1-in. water reflection and 0.87 with 5-in. water reflection. .

tub-type vibratory finisher

Criticality analyses of possible sludge tank designs indicated that a 4-in.-thick slab
geometry sludge tank with full water reflection will remain subcritical to a plutonium concen-
tration of 40 g plutonium/L; with nominal water reflection, Keff will equal 0.95 to a pluto-
nium concentration of 80 g plutonium/L. The volume of the tank would be 80 L. Thus, the
tub-type vibratory finisher can tolerate a higher plutonium solution concentration than can the
sludge tank. Previous experience has shown that higher radionuclide concentrations are to be
expected in the sludge tank than in the vibratory finisher. Therefore, the sludge tank will
be the 1imiting factor for criticality safety in a vibratory-finishing system with a tub-type
vibratory finisher.

ANNULAR-TYPE MACHINE

Criticality safety was also calculated for a 12—ft3 annular vibratory finisher cur-
rently being tested at the Hanford 231-Z Building. The rough dimensions of the vibratory
tub are slightly Tess than 5 ft in OD with a 13-in.-wide annular region. The normal depth
of the media (which are steel) is about 7 in., although this varies due to the inclined bot-
tom of the vibratory tub. The critical mass of plutonium was calculated for several different
situations.

The worst case from a criticality standpoint would be the removal of the steel media while
retaining fissile material in the solution. If we assume in this case that the fissile mate-

239Pu water mixtures

rial is present in the most conservative solution form, which would be
with no acids or other neutron poisons present, then the families of curves showing the effect
of material height, plutonium concentration, and neutron reflectors (water) on the effective
neutron multiplication factor would be as shown in Figures 31, 32 and 33. In these curves, the
Keff is given for different plutonium concentrations in the range of 10 to 1000 g plutonium/L
for heights in the annulus varying from 1 to 22 in. For the 22-in. height, the entire annulus

was considered to be as deep as the Towest portion of the tub bottom. This is a conservative
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FIGURE 31. Kaff Versus Material Height for a 12-ft3 Annular Vibratory Finisher
with Bare Reflector Conditions
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FIGURE 32. Keff Versus Material Height for a 12-ft3 Annular Vibratory Finisher
with 1-in, Water Equivalent Reflection
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FIGURE 33. Keff Versus Material Height for a 12-ft3 Annular Vibratory Finisher
with Full Water Equivalent Reflection

assumption. The three reflector conditions were bare, 1-in. water reflection, and full water
reflection. The normal situation is somewhere between bare and 1 in. of water reflection,
while full water reflection would approximate a flooded condition for a situation in which
personnel would surround the unit (as during repairs).

The data in Figures 31, 32 and 33 were further reduced to determine the minimum criti-
cal mass in the system. The critical height for a given concentration was determined, and
the total volume of solution was calculated. The resulting critical mass values are plotted
in Figure 34. These values indicate that the minimum critical mass for the worst combination
of reflection, concentration, material form and geometry is about 4.5 kg of plutonium.

Criticality safety was also calculated taking into account the presence of the steel
media. For these calculations, 30% of the volume was assumed to be a plutonium oxide/water
mixture with the remaining 70% being steel. For these conditions, even with full water
reflection and a 22-in. height of material, the unit remained subcritical with plutonium
concentrations up to 1000 g plutonium/L. The total plutonium mass for the 22-in. height was
>600 kg plutonium and for the normal 7-in. height was >200 kg of plutonium.

In summary, during normal operating conditions the annular vibratory finisher is quite
safe in regards to criticality. This is true even with the worst combination of events.
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TECHNOLOGY TRANSFER

Because vibratory finishing of noncontaminated metals and nonmetals is a well established
industrial process, it is possible to transfer much of the needed technology, either directly
or with some modification, to the decontamination process. To initiate technology transfer,

a consulting agreement was established with Roto-Finish Company, Kalamazoo, Missouri, a leader
in the vibratory-finishing field. Discussions with this consultant identified areas in commer-
cial vibratory-finishing technology that are directly useful for decontamination applications,
and background information was obtained for those areas that require special development. The
topics considered included:

e design of vibratory-finishing systems
automation concepts
equipment and suppliers
media selection
compound formulation
rinsing technology

solution treatment procedures.

Several other companies have also been visited either because they have the capability
to vibratory-finish large components, or because they use automated, high-volume vibratory-
finishing systems to surface-finish smaller items. One company, for example, uses vibratory
finishers to deburr the blocks of large diesel engines. Another company uses vibratory fin-
ishing to deburr wing spars up to 42 ft long. Other industrial firms use large, automated
vibratory-finishing systems to process thousands of smaller items (such as ball-point-pen
pocket clips) per shift with only one operator to load and unload parts. These and many simi-
lar examples show that the use of the automated vibratory-finishing systems to process large
volumes of surface-contaminated waste, both metallic and nonmetallic, while minimizing per-
sonnel exposure and processing costs is well within the range of existing technology.
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POTENTIAL APPLICATIONS OF VIBRATORY FINISHING

Rapid progress has been made in developing vibratory finishing into an effective decon-
tamination technique for removing TRU and other surface contamination from a variety of mate-
rials. The technology is already sufficiently advanced to have many applications as discussed
and illustrated in this report. The continued development of vibratory finishing into a large-
scale decontamination technique should lead to its widespread use in many areas of nuclear-
waste management and exposure reduction. The following Tist is just a sample of some of the
possible areas of applications of vibratory finishing as a decontamination technique:

e Use small, portable vibratory-finishing systems for the onsite decontamination of
waste from decommissioned facilities to minimize the expense and possible environ-

mental risk of transporting large volumes of highly contaminated waste.

e Convert large volumes of TRU and other surface-contaminated waste into non-TRU waste
to substantially reduce the amount of material requiring interim storage and even-

tual geologic disposal.

e Decontaminate failed equipment and also the tools and equipment used for maintenance
operations to substantially reduce radiation exposure to maintenance personnel and
at the same time facilitate maintenance operations at operating nuclear industry

facilities.
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