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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 limit. 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 105 dis/min·lOO cm2 to less than 10,000 dis/min·lOO cm2 in one hour of 
processing time. Other objects that were decontaminated by vibratory finishing include 
Plexiglas®panels, glass tanks, Neoprene® gaskets, rubber gaskets, Hypalon® 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 23l-Z 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) • 
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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 radioactive 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 liquid 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 ach i eve reproduc i b 1 e resu 1 ts on 1 arge vo 1 umes of mater i a 1 with mi n "ima 1 operator 1 abor 
requirements. This same feature makes vibratory finishing an attractive decontamination tech­
nique 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: 

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

• establishment and operation of a demonstration decontamination system 

• development of solution handling systems to minimize the volume 0 .. secondary 
radioactive waste requiring disposal 

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

• transfer of technology from the commercial vibratory-finishing in..Justry to the nuclear 
industry 

• identification of future applications. 

The progress of this work is presented and discussed in the following sections of this report. 
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VIBRATORY-FINISHING PROCESS 

The vibratory-finishing process combines a mechanical scrubbing action with a chemical 

cleaning action. This process takes place i ns ide 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 , whil e a liquid compound flushes away the material 

removed by the scrubbing action . 

Vi bratory 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 

effec tive on flat-surfaced parts, t he 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 Vib ratory-Finishing System Used for 
Decontamination and Pretreatment Studies 
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FIGURE 2. Typical Sec t ions of Pipe Before and After Vi bratory Finishing(a) 

(a ) Note the heavy rust bu i ldup inside the pipe on the left wit hou t vibra tory 
finishing and tne appearance of the inside of the pipe on t he r i ght af ter 
vibratory fi nishing . 

3 

FIGURE 3. Ou tboard Motor P~rt s 
Using Vibratory Fi n;shing( a) 

Debu rred 

(a) These parts demonstr ate t he ability 
of vib r at ory fin ish ing to process part s 
with compl ex shapes . 
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FIGURE 4. Process-Tube End Caps Demonstrate the Ability of Vibratory 
Fin ishing to Successfully Clean Threads 

FIGURE 5 . Gaskets That Demonstrate the Ability to Clean and Oeburr Holes 
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FIGURE 6. Stainless Steel, Plexiglas and Neoprene Decontaminated 
by Vibratory Finishing 

TYPES OF VIBRATORY FINISHERS 
Two type s of vibratory finishers are available, the tub type and the annular type. The 

tub-type machi ne , as shown in Figure 7, has a rectangular vibrating tub that is rou nded on the 

bottom . The mai n advantage of this type of machine is its ability to process very l arge parts. 

As an exampl e, lar ge diesel engine bl ocks and up to 42-ft-long, airplane wing spars are rou­

tine ly deburred using custom-buiTt, tub-type vibratory finishers (Figure 8) . The t ub-type 

machines are ava i lab le in either a batch (Figure 7) or a flow-through (Figure 9) configuration ; 
however , i t 1s diff icult to change from one configuration to another on a given machi ne. The 

tub machi nes , espec ially the flow-through types , also occupy much more floor space t han do 

annu lar machines of the same capacity . 

The annular vibratory finisher has a donut-shaped vibratory tub (Figure 10). The annular 

machine can be equ ipped with an integral separator screen that separates the decontam inated 

par t s from the med ia and automatically unloads the parts. This screen ;s particular ly effec­

t i ve when steel media weighing 300 lb/ft3 are used . With the separator screen the annular 

sys t em can eas ily be operated in either the flow-through or the bat ch mode. Annular machines 

are effective in decontaminating large quantities of small - to moderate -sized parts (5.6 by 

18 i n.) . The capacity of annular vibratory finishers varies from 1 ft3 to great er than 50 ft3. 

5 



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

~ .. 
• • • • 

FIGURE 8. Large Batch Tub-Type Vibra tory Finisher Used to Oeburr Di esel Engine Blocks 
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FI GURE 9. Flow-Through, Tub-Type Vibratory Finisher 

FIGURE 10. Twelve-Cubic-Foot Annu l ar Vibratory Finisher 
Equipped with a Separator Screen 
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OPERATING THE VIBRATORV FINISHER 

The operation of the vibratory fi nis her is basically t he same for any si ze or conf igura­
tion. An elec tr ic motor drives a set of eccen t ri c weigh t s t hat are at tached to t he vibratory 
tub. These we i gh t s , when rotated, impar t a vib ra t ion to the tub . The amp li tude and f requency 

of vi brati on can be var i ed by ad j usting the machine . The amplitude typically ranges f r om 1/64 

t o 1/4 i n. and i s varied by changi ng the angle of the weights . (a) The frequency can range 

from 750 to 21 50 vpm and i s var ied by changing the angular velocity of t he weigh t s . By vary i ng 

amplitude and freq uency . vari ous feed rates , processing rates and surface finishes can be 
obta i ned. ( b) 

The media used for vibra tory finishing are available in a wide variety of si zes , sh ap es 

and mat er i als . Of t he av ai lable materials , ceramic and metal were shown to be t he mo st suit a­

bl e for decont ami nat ion applicati ons . Plastic and ceramic media are abrasive ; al umi num oxide 

or si licon c il rb i de ( t he abrasive) is imbedded in a resin or ceramic mat rix . Th i s mal eri a1 i s 

t hen formed i nto pi eces of precise sizes , shapes and hardnesses . Typical shapes incl ude t ri ­

ang les, cyl i nder s , ar rowheads , spheres and stars (Figure 11). The dimensions of these sh apes 

vary from 3/ 16 i n. to sever il1 inches . The type of abrasive and the hardness of t he matrix 

determi ne the cutt i ng rate of the media, which can range from 0.01 to 0 .06 wti of t he med ia / h. 

The higher the cutti ng rilte t he f as t er the media will decontaminate; however , a hi gh cutt i ng 

r a te results i n more secondary wa s t e due to a high self-wear rate. Fast - cutting med ia a l so 

produce a rough mat fi nis h on t he decontami nated material . While medi a with a low cutt i ng 

PhO to Court tsy of Ro t(,·r1 ~ !~~ (0 . . Inc. 

FI GURE 11. Cer amic Medi a Used in Vibratory Finishing 

(a) Techni ca l Information, EOY-4, Vibra tory Finishing Machine, Electro Oeburring Co., i nc . , 
Oak Creek, WI . 

(b) Techn ical In f or mation , Roto Tech Reports. Roto-Finish Co . , Inc., Kal amazoo , MI . 
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rate generally decontaminate slower, they generate less secondary waste due to the low self ­
wear rate . Slow- cutting medi a a l so produce a finer fini sh on the decontam inated material. The 

characteristics of s low- and fas t- cu tting media are summarized in Table 1. 

Metal media are used for cl ean i ng and burnishing in the metal-finishing industry. The 
media are norma ll y made from case-hardened carbon steel , but they are available in sta inl ess 

steel and z i nc . There is no abras i ve present in metal med i a . As with ceramic media , metal 

media are ava ilabl e in a variety of si zes and shapes. Typical shapes for metal media are 

sphe res , oval ba lls, diagonal s, diamonds , cones , pins and ballcones (Figure 12). The dimen­

sions of melal med ia vary from 1/6 to 11/16 in . Metal media have an extremely low cu t ting 

rate «0.002 wt%/h) and virtually no self-we ar. The secondary waste produced by vibratory 

finishing with metal media consists only of t he material removed from the surfaces of the 

decon tam inated items such as paint, r ust, scale, dirt and radioactive contamination. 

TABLE 1. Character isti cs of Slow- and Fast-Cutting Media 

Char ac teristics 
Media Decontaminat ion Secondary Waste 

Media Wear Rate Produced Finish 

Fast-cutting high fast large rough 

Slow- cutting low slow sma 11 fine 

FIGURE 12. Metal Media Used for Vibratory Fin ish ing 

MEDI A SELECTION 

Sever al factors mus t be considered when selecting a media, including the de sired surface 

fini sh , the configuration and size of t he parts to be decontamin at ed, and t he amount of sec­

ondar y was t e that can be tol erated. The s iz e and shape of the media selected wi l l depend on 

the s ize, shape and configu r at i on of t he part and on the presence and size of ho les i n the 

part . The media mus t be able to reach recesses and holes in the part withou t becomi ng lodged . 

The media mu st also be sel ected so as to allow separat ion of the media from t he parts. This 

can be done mech ani call y by using vi brati ng screen decks (figure s 9 and 10) or magneti ca ll y . 

9 



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 radioactive material from the tub and concentrates it in a liquid-waste collection tank. 
Typical flow rates are 2 gal/h/ft3 of machine capacity. 

10 
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VIBRATORY-FIN I SHI NG DECONTAMINATION STUDIES 

This section describes the progression of vibratory-fi nis hi ng studies that led to the 

event ual decontami nat ion of a pl utonium-contaminated glove box. Vibratory finishing was firs t 

t ested as a pretreatment t echn ique for electropo l ishi ng. The success of those initial tests 

led to the install ation of a vibratory finisher at Hanford's N-Reactor for fur t her tests. 
Later the vi bratory fin isher was ins ta lled in Hanford's 231-Z Bu ilding , wher e : I} the use of 

steel media was te sted, 2) t he decontamination of TRU-cont aminated obj ects was bot h t ested and 

demonstrated and 3) the decontami nation of nonmetallic objects was tested . 

INITi Al TESTS 

Vi bratory fini shing was first tested as a technique for pretreating surfaces bef ore decon­

taminat ing them by el ectropolishi ng, wh ich requ ires clean . conductive surfaces (All en et a1. 

1978). The first test load consis t ed of 16 contaminated, carbon steel pipe clamps (Figure l3) 

from the Hanford N-Reactor with a tota l weigh t of 62 lb. These were processed in a 4_ft3• 

FIGURE 13 . Pipe Clamps f rom the Hanford N-Reactor Bei ng 
Decontaminated in a Vibratory Fin isher 
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tub-type vi brato ry fini sher wlth ceramic media and a detergent compound . The initial radi ation 
level of the cl amps averaged about 100 mrad/h, with most of the contam inati on associa ted with a 
heavy rust layer . Four hours of vibratory fi ni shing were suff ic ient to remove this corrosion 

layer and leave a c lean, br i gh t surface ready for electropolishing. In addi t ion, the average 
radiation leve l was reduced to about 1 mrad/h. 

The second test load consisted of 150 contaminated , carbon steel ri ngs (3 in . in 00 by 2 
in . in to by 0.4 in . th ick; see Figure 14). These were processed in the same vibratory fin­

isher as the fi rst test load using the same media. The rings weighed a total of 66 lb and had 
an initial rad iation reading of 3 to 6 mrad/h . This was reduced to less than 0.5 mrad/h af ter 
four hours of vibratory finiShing. Most of t he remaining contamination was in small, inacces -
sible grooves. However , this ;s not a problem as media can be obtained that would decontami-

.. 
• 

nate these areas . • 

These two tests demonstrated that vibratory finishing can successful ly remove gross beta/ 
gamma contaminat ion as well as rust and other surface material to produce surfaces that are 

clean and ready for final decontamination by electropoliShing . (t n t hi s instance no further 
decontamination was required since t he decontami nated material was intended for reuse on 

N-Reactor; t herefore , exposure reduction and not complete decontaminat ion was required.) Fur­

thermore, even after decontaminating this materia l , t he med i a and the tub wa lls were found to 
be essentially uncontaminated. The same abras ive acti on that removes the contamination also 
keeps these surf aces clean. The contamination, rust, paint, spent abrasive, etc . , are continu­
ously flushed ou t of the vibratory finisher into a waste contai ner , where they can be collected 
and concentrated for disposal . Thus , in addition t o preparing surfaces for fi nal decontamina­
tion by electropolishing, vibra tory finishing is itself an effec t ive decontamination technique . 

12 

FIGURE 14. Carbon Steel Rings from 
the Hanford N-Reac tor Oecontaminated 
by Vi bratory Fi nishing 
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N-REACTOR DEMONSTRAT ION 

Based on t he success of t he initial testing of Vibratory fin ishi ng as is decontamination 

technique , the 4_ft3 vibratory f inisher was temporarily installed at t he Hanford N-Reactor 

for intensive testi ng of its dec ont amin ation capabi l i ties using contaminated component s gener ­
ated by the reactor's surrrner outdge . Ceramic media and a lOl-sod i um-hydrox i de compound were 

us ed during the N-Reactor demons t r ation . The compound was reci r culated t hrough t he machine at 

7 gal/h. These tests showed t hat the vi bratory finishe r effect ive ly removes gro ss contamina­

tion and concentrates the contam i nat ion in a s ludge tank . For example . process-tube end caps 

and inserts that were treated in the vi bratory fini sher (Fi gure 15) we re decontami na ted to 
15 mrad/h compared to 24 mrad/h for inserts treated by standard chemical decontami nation meth­
ods . Cost comparisons performed by Un ited Nuclear Cor porat ion , operator of t he N-Reac tor , 

indicated that the use of vibratory f i nishi ng, as opposed to regu lar chemical decontam i nati on, 

on process-tube end caps and inserts coul d save t hem over S8000/yr . 

During the N-Reactor demonstration a total of 30 .6 ft2 of contaminated surface area 
were processed in 30 hours, produc ing 1.4 ft 3 of seconda ry waste. Items t hat were decontam­
inated included carbon steel process - t ube end caps and i nserts (F i gure 15) , an electric pump 

motor housing (Figure 16) and various ha nd t ools (Figure 17), The most dramatic reduction 
i n radiation level occurred on an end cap, where the level was red uced from 1500 to 200 mrad/h 

i n four hours of processing time. 

FIGURE 15. Process -Tube End Caps and Inserts Before (l eft ) and After (Ri ght ) 
Decontami nation by Vibratory Finishing 

13 



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

'-E: __ .... ~ 

FIGURE 17 . Hand Too ls from Hanford N-Reactor Decontaminated by 
Vibratory Finishing 
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Anot her item processed was a ball -channel 'inspect ion tool (Figure 18) made of stainless 

steel with rubber tubing cover ing about two-thirds of its length. The radiat ion leve l on the 

tool was reduced f rom 1500 t o 70 mrad/h. wit h a 300-mr ad/h hot spot on the tubing. Th is demon ­

strat ed t ile abil ity to decontami nate bot h metall ic and nonmetallic mater ials simultaneous ly by 

vibratory f in iS hi ng. 

• 

- r;r" .1 , ,, ,.. 

...- '0" Il ' 1 ,-, " " 

FIGURE 18 . Bal l-C hanne l Inspect ion Tools Used at Hanford N-Reactor After Decontamination 
by Vibratory FiniSh i ng 

USE OF STEEL MEDIA 

When the N-Reac tor demonstration was completed , the vibratory finisher and associated 

s ludge tank were insta lled in a sta inless steel, walk- i n glove box located in t he Hanford 231-Z 

Bui l di ng (F igure 19) for further testing using beta/gamma-contami nated items from N-R eactor . 

Most of t hese t es ts were cond ucted using low-wear-rate steel burnishing media rather th an t he 

cer amic- type debu rr ing media used i n the previous vibratory- finishing tests. The results from 

the tests wi t h meta l media were very encouraging. The steel media rapidly removed grease, 

rust , and both latex and enamel paint. In addition, their burniShing act ion was almost as 

effective as the cerami c media's cutti ng action in removing most of the gross surf ace contami ­

na ti on. Mor e impor t ant ly, the surfaces were cleaned and decontaminated with essen t iall y no 

secondary waste generated from wear of the steel media . 

The beta/ garrma-contami nated mild - steel fuel spacers (Figure 20), process -tube end caps , 

and process-tube inserts were vibratory- finished in the steel media for a tot al of 10 hours us i ng 

a cOIlIlIercial , l iquid , bu r ni s hing compound. This test (Table 2) s howed that avera!!e su rface­

contamination levels were substantially reduced and that most of th is reduction occurred duri ng 
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FIGURE 19. Four-Cubit-Foot, Tub-Type Vi bratory-Finishing System with Rec i rculating 
Compound System Installed in the Stainless Steel , Wa lk- in Glove Box 

' 2 13 1 4 15 1 G 

FIGUR E 20. Fue l Spacers from Hanford N-Reactor Before (Top) and After (Bottom ) 
Dec.ont amination by Vibratory Fi ni shi ng 
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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 Outs i de-I ns i de Outside Inside OufSTde--I ns i de 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 

17 



TABLE 3. Decontamination of Plutonium-Contaminated 
Finisher with Steel Media 

Glove-Box Sections Using Vibratory 

Surface Contamination! dis/min.100 cm2 
Initial After 1 h After 10 h 

Materi a 1 /Source Contact Smear Contact Smear Contact Smear 
Stainless Stee 1 /Hanford 62,000 38,000 3,800 Nondetectable 2,500 Nondetectable 

Stainless Stee 1 /H anf ord 88,000 25,000 8,800 Nondetectable 2,500 Nondetectable 
Stainless Stee 1 /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 level of the stainless 
steel surfaces from 250,000 to 3,400 dis/min·IOO cm2 and that of the epoxy-coated surfaces from 
196,000 to 1,400 dis/min·IOO cm2. 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 below the 10-nCi/g limit. 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 limit 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. 

Of 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 longer 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, ft2 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/ft2 0.14 0.37 0.72 
Final contamination level, nCi/g 0.11 0.0006(a) 0.0014(a) 

(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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product ion rate and decrease in labor requirements that could be realized t hrough system scale 
up and automat i on . 

The results of the demonstration show that both vibratory-finishing and elec tropoli shing 

t echniq ues are capable of decontaminating typical TRU-contaminated metallic wast e to we ll below 
the 1O-nC1/9 l imit and that large amounts of material can be decontaminated on a sust ained 

basi s . The results al so show that vibratory finishing is a very effective pretreatment method 

to prepare mater ial for final decontamination by electropolishing. 

DECONTAMINATION OF NO NMETALLICS 

Although previ ous studies showed vibratory finishing to be effective for t he decontami na­
tion of certain nonmetal1ics (epoxy and rUbber), additional tests were conduct ed to de termine 
the eff ectiveness of Vibratory finishing in decontaminating the wide range of nonmeta l lics 
encountered in the decommi ssioning of TRU facilities. Metal media and a sodi um-hydroxide com­
pound were used during these tests. Approximately 40 ft2 of Plexiglas taken from a pluto­
nium-contaminated gl ove- box panel and from a splash guard were processed in t he vibratory 

fin is her. 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 f rosted, opaQue 
appearance after processing (Figu re 22). A Neoprene gasket was also taken from the glove- box 

FIGURE 22. Plutonium-Contaminate~ Nonmetal lic Material Dec ontaminated by 
Vibratory Finishing(aj 

(a) Materials are a Pl exi glas section, an Hypalon glove sect ion, 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 level 
of the gasket was reduced to nondetectab le except in the notch of the gasket, where smearable 
contamination of about 0.2 neilg wa s detec ted . 

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, shield ing some sur faces 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 additiona.l hour. No bunching was observed and contamination was reduced 
to nondetectable levels . This means t hat . for successful decontamination, very flex ible 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 

decollTl1issioning 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 PLUTONIUM -CONTAMINATED GLOVE BOX 

A plutonium glove box with 46 ft2 of contaminated surface area (Figure 24) was disas­
sembled , sectioned and converted i nto non-TRU waste usi ng a combination of vibratory finishing 

and electropoliShing. The dec on t aminated materi als (Figure 25) included the stainless steel 
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FIGURE 24 . Pluto nium-C ontaminated Glove Box Being Disassembled Prior to Decontami nat ion 
by Vi bratory Fi ni shing 

FI GURE 25 . Decontamina ted Mater i al from Plutonium-Contaminated 
Gl ove 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. All 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 limit 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 sections were 
processed along with stainless steel and Plexiglas sections. The levels of fixed contamination 

on the lead 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 normal 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 mct~. media that possess similar 
cleaning properties to the ballcone, but do not have inaccessible SUI ,aces 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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DECONTAMI NATION OF MOLYBDENUM 

An annular , high-production vibratory finisher with a 12_ft3 capacity and an integ ral 
med i a- separation screen was used with chemical decontamination techniques to decontaminate 
3000 lb of uranium-contaminated molybdenum (Figure 26) . Fast-cutting ceramic med ia and a 

commercial deburring compound were used during this test. Up to 600 lb of molybdenum were 
processed per batch . The typical processing time was one hour/batch. The final con tamina­

tion levels were reduced to less than 2200 dis/min·IOO cm2, which allowed unrestricted 
release of the molybdenum. 

FIGURE 26 . Uranium-Contaminated Molyb denum Decontaminated by Vibratory Finishi ng 

26 

• 

• 



• 

SOLUTION HANDLING 

Efficient handling of the liquid 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 radioactive 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-~m and larger particles settle 
out in this settling tank. The liquid 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. 

COMPOUND ADDITION 

\ 

FLOWMETER -....... 

WASTE 

\ 

VIBRATORY FINISHER 

,/FILTER 

COMPOUND 

.::: .. '::::.;::.;:. ... ::::.:::.:.:: .. :.:;::;.:: .. ::: .. :~.:.::.:l-SLUDGE 
SETILING TANK 

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-~m filter followed by 
a 1-~m 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 lb/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 ~m, 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 

VIBRATORY FINISHER 

METERING PUMP 

CONCENTRATED 
.... -!---- COMPOUND 

THROTTLE VALVE 
~ ... ~ ___ FRESH WATER 

1 .... -------iV'-J SUPPLY 
~ 

FLOWMETER 

AGITATOR TANK 

SLUDGE SEPARATION 
EVAPORATION 

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 t hen passed through the vibratory tub 
and the resulting waste is collected in a hold i ng tank. An agitation t ank has been used suc­
cessfully to collect the resulting wa ste and keep t he solid parti cles in suspension until the 
liquid can be pumped to a waste-processi ng system for clarificati on and final disposal . The 

operat ion of this system is the same whether cerami c or met al media are used . 

The chief advantage of the f low- t hrough sys tem is t hat clean compound is constantly used 
which results in more efficient removal of waste f rom t he vibratory tub . The proper use of 
this system can reduce or even eliminate entirely t he need for r ins ing after vibratory finish ­

ing . The disadvantage of this system is the volume of waste generated. about 2 ga l of liquid 

per hour of operation for each cubic foot of machine capaci ty, plus any so l id waste generated. 

EVAPORATION OF THE LigUID 

The vo l ume of clarified li quid from ei t her t he recirculation or f low- through system 

can be reduced by evaporation . A dual - phase vacuum evaporator (Fi gure 29) installed in the 
231 -Z Buildi ng was used to successfully process clari f i ed liquid genera ted by vibratory­

finishing decontamination . Thi s evaporator has t he capacity to pur ify up to 60 gal of liquid 
per hour . The distillate is discharged into a nonradioactive drai n after proper cert ification 

is obtained . The concentrated bottoms from t he evaporator are soli di fi ed with cement before 
being disposed of as solid , low-level radi oactive waste. 

FIGURE 29 . Dual - Phase Vac uum Evapora tor Used to Heat Liquid Waste from 
Vibratory-Finishing Decontaminati on 
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During the evaporati on of vibratory-f i nishing waste, foaming caused by some of the com­

mercially prepared compou nds can be a problem. Foaming can result in carry-over of radionu­

elides into the distill ate. The problem can be remedied by the use of low-f oaming compounds 

or by the addit ion of commerC ially available defoaming agents. Pretesting of compounds to 

identify suitable defoaming agents is advised. 

WASTE CLARIFICATION 

Liquid waste mu st be clarified before it is evaporated to avoid sludge fo rmati on in the 

bottom of t he evaporator . Several clarification techniques were evaluated inc l ud ing centri­

fuging, filtration, dnd chem ically enchanced settling . Of these techniques , fi ltr ation and 

the use of polyelect ro lytes to promote settling appear to be the most promising . 

Filtration is particularly effective for the waste generated when metal med ia are used . 

The small volume of solids produced when using metal media is easily removed by l·lJm filters . 

Howeve r , filtration al one is not effect ive for waste generated when ceramic medi a are used due 

to the l arge volume of very fine partic les present in such waste . As mentioned above, these 

fine partic les quick ly pl ug the filter cartridges and fill the filter housing. 

The use of polyelectro lytes enhances the se t tling of the solid waste prior to filtra­

tion . Pol ye lectrolytes , 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 t hat is required for separation (Figure 30). However, these te s ts also 

FIGURE 30. Clarification of Vibratory-Finishin9 '..iaste 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 possible to separate the sludge from the liquid, 

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 tub-type vibratory finisher 
{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 I-in. water reflection and 0.87 with 5-in. water reflection. 

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 limiting 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 less 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
rial is present in the most conservative solution form, which would be 239pu water mixtures 

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 lowest portion of the tub bottom. This is a conservative 
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FIGURE 31. Keff 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 I-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, I-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: 

• 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 list is just a sample of some of the 
possible areas of applications of vibratory finishing as a decontamination technique: 

• 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. 

• 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. 

• 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. 

37 



REFERENCES 

Allen, R. P., et al. 1978. Electropolishing as a Decontamination Process: Progress and 
Applications. PNL-SA-6858, Pacific Northwest Laboratory, Richland, Washington. 

Gillespie, L. K. 1976. Deburring-Capabilities and Limitations. Society of Manufacturing 
Engineers, Dearborn, Michigan. 

Gutcho, S. 1977. Waste Treatment with Polyelectrolyte and Other Flocculants. Noyes Data 
Corp., Park Ridge, New Jersey. 

38 

• 

• 



-. 

. , 

• 

No. of 
Copies 

OFFSITE 

A. A. Churm 
DOE Chicago Patent Group 
9800 South Cass Avenue 
Argonne, IL 60439 

R. Y. Lowrey 
DOE Albuquerque Operations Office 
P. O. Box 5400 
Albuquerque, NM 87185 

A. L. Taboas 
DOE Albuquerque Operations Office 
P. O. Box 5400 
Albuquerque, NM 87185 

S. A. Mann 
DOE Chicago Operations and Region 

Office 
Argonne, IL 60439 

J. Neff 
Department of Energy 
Columbus Program Office 
505 King Avenue 
Columbus, OH 43201 

W. E. Mott 
DOE Division of Environmental Control 

Technology 
Washington, DC 20545 

J. P. Hamr i c 
DOE Idaho Operations Office 
550 2nd St. 
Idaho Falls, ID 38401 

J. W. Peel 
DOE Idaho Operations Office 
550 2nd St. 
Idaho Falls, ID 38401 

J. B. Whitsett 
DOE Idaho Operations Office 
550 2nd St. 
Idaho Falls, ID 38401 

C. R. Cooley 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

G. H. Daly 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

D I STRI BUTION 

No. of 
Copies 

J. E. Dieckhoner 

PNL-3336 
UC-70 

DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

C. H. George 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

C. A. Heath 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

M. L. Lawrence 
DOE Nuclear Waste Management Programs 
NEW, B-107, HQ 
Washington, DC 20545 

D. J. McGoff 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

S. Meyers/R. Romatowski 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

G. Oertel 
DOE Nuclear Waste Management Programs 
NEW, B-107, HQ 
Washington, DC 20545 

A. F. Perge 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

R. W. Ramsey, Jr. 
DOE Nuclear Waste Management Programs 
NEW, B-107, HQ 
Washington, DC 20545 

D. L. Vieth 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

R. D. Walton 
DOE Nuclear Waste Management Programs 
NEW, B-I07, HQ 
Washington, DC 20545 

S. W. Ahrends 
DOE Oak Ridge Operations Office 
P. O. Box E 
Oak Ridge, TN 37830 

Distr-l 



No. of 
Copies 

D. Large 
DOE Oak Ridge Operations Office 
P. O. Box E 
Oak Ridge, TN 37830 

S. G. Harbinson 
DOE San Francisco Operations Office 
1333 Broadway 
Oakland, CA 94612 

E. S. Goldberg 
DOE Savannah River Operations Office 
P. O. Box A 
Aiken, SC 29801 

T. B. Hi ndman 
DOE Savannah River Operations Office 
P. O. Box A 
Aiken, SC 29801 

R. P. Wh it fie 1 d 
DOE Savannah River Operations Office 
P.O. Box A 
A i ken, SC 29801 

Los Alamos Scientific Laboratory 
P. O. Box 1663 
Los Alamos NM 87544 

J. B. Martin 
Division of Waste Management 
Nuclear Regulatory Commission 
Washington, DC 20555 

D. M. Rohrer 
Division of Waste Management 
Nuclear Regulatory Commission 
Washington, DC 20555 

R. Dale Smith 
Division of Waste Management 
Nuclear Regulatory Commission 
Washington, DC 20555 

R. E. Cunningham 
Office of Nuclear Safety Materials 

and Safeguards 
Nuclear Regulatory Commission 
Room 562 
7915 Eastern Avenue 
Silver Springs, MD 20910 

324 DOE Technical Information Center 

J. A. Buckham 
Allied-General Nuclear Services 
P. O. Box 847 
Barnwell, SC 29812 

No. of 
Copies 

A. Wi 11 i ams 
Allied-General Nuclear Services 
P. O. Box 847 
Barnwell, SC 29812 

J. W. Bartlett 
The Analytical Sciences Corp. 
6 Jacob Way 
Reading, MA 01867 

J. L. Jardine 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

J. H. Kittel 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

M. J. Steindler/L. E. Trevorrow 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

H. Recht 
Dept. 737 -710 
Atomics International Division 
Rockwell International 
Box 309 
Canoga Park CA 91304 

A. Brandstetter 
Battelle Memorial Institute 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

W. Carbiener 
Battelle Memorial Institute 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

N. E. Carter 
Battelle Memorial Institute 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

P. L. Hofmann 
Battelle Memorial Institute 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

Distr-2 

. . 

. . 

• 



.• 

• 

. . 

• 

No. of 
Copies 

M. Kehnemuyi 
Battelle Memorial Institute 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

Beverly Rawles 
Battelle Memorial Institute 
Office of Nuclear Waste Isolation 
505 King Avenue 
Columbus, OH 43201 

Brookhaven National Laboratory 
Reference Section 
Information Division 
Upton, NY 11973 

J. R. Potter 
Chem-Nuclear Systems, Inc. 
P.O. Box 1866 
Bellevue, WA 98009 

Combustion Division 
Combustion Engineering, Inc. 
Windsor, CT 06095 

H. Leavenworth 
U.S. Department of Interior 
Bureau of Mines 
Albany Metallurgy Research Center 
P. O. Box 70 
Albany, OR 97321 

W. Hanson 
Dolphin Associates 
P. O. Box 252 
Media, WA 98039 

W. H. Baker 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

M. D. Boersma 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

J. R. Cadeiux 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

J. L. Crandall 
E. I. Du Pont de Nemours & Co . 
Savannah River Laboratory 
Aiken, SC 29801 

No. of 
Copies 

R. G. Garvi n 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

A. S. Jennings 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

J. A. Kelley 
E. I. Du Pont de Nemours & Co . 
Savannah River Laboratory 
Aiken, SC 29801 

R. Maher 
Waste Management Programs 
E. I. Du Pont de Nemours & Co. 
Savannah River Plant 
Aiken, SC 29801 

M. P. McGahee 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

D. L. McIntosh 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

L. W. Meyer 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
A i ken, SC 29801 

S. Mirshak 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

J. K. Okeson 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

P. H. Permar 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

J. A. Porter 
E. I. Du Pont de Nemours & Co. 
Savannah River Laboratory 
Aiken, SC 29801 

G. B. Levin 
EG & G Idaho 
P. O. Box 1625 
Idaho Falls, 10 83415 

Distr-3 



No. of 
Copies 

L. Henning 
Electric Power Research Institute 
3412 Hillview Avenue 
P. O. Box 10412 
Palo Alto, CA 94304 

R. Will i ams 
Electric Power Research Institute 
3412 Hillview Avenue 
P. O. Box 10412 
Palo Alto, CA 94304 

J. L. Larocca, Chairman 
Engineering Research and Development 

Authority 
Empire State Plaza 
Albany, NY 12223 

D. M. Rosenbaum 
Office of Radiation Programs 
U.S. Environmental Protection Agency 
1921 Jefferson Davis Highway 
Arlington, VA 22202 

W. F. Ho 1 comb 
Office of Radiation Programs 

(A-460) 
U.S. Environmental Protection Agency 
Washington, DC 20460 

Environmental Protection Agency 
Technological Assessment Div. 

(AW-559) 
Office of Radiation Programs 
U.S. Environmental Protection Agency 
Washington, DC 20460 

J. R. Berreth 
Exxon Nuclear Idaho 
P.O. Box 2800 
Idaho Falls, ID 83401 

R. A. Brown 
Exxon Nuclear Idaho 
P. O. Box 2800 
Idaho Falls, ID 83401 

C. A. Hawley 
Exxon Nuclear Idaho 
P.O. Box 2800 
Idaho Falls, ID 83401 

D. A. Knecht 
Exxon Nuclear Idaho 
P.O. Box 2800 
Idaho Falls, ID 83401 

G. L. Ritter 
Exxon Nuclear Idaho 
P.O. Box 2800 
Idaho Falls, ID 83401 

No. of 
Copies 

A. P. Roeh, Manager 
Exxon Nuclear Idaho 
P. O. Box 2800 
Idaho Falls, ID 83401 

T. R. Thomas 
Exxon Nuclear Idaho 
P. O. Box 2800 
Idaho Falls, ID 83401 

File Copy 
Exxon Nuclear Idaho 
P.O. Box 2800 
Idaho Falls, ID 83401 

G. E. Benedict 
General Atomics Company 
P. O. Box 81608 
San Diego, CA 92138 

R. G. Barnes 
General Electric Company 
175 Curtner Avenue 
(M/C 160) 
San Jose, CA 95125 

H. H. Ell iott 
General Electric Company 
Vallecitos Nuclear Center 
Vallecitos Road 
Pleasanton, CA 94566 

H. E. Wagner 
General Electric Company 
Castle Hayne Road 
P. O. Box 780 
Wilminton, NC 28401 

T. Martin 
General Public Utilities 
P. O. Box 480 
Middletown, PA 17057 

L. H. Brooks 
Gulf Energy and Environmental Systems 
P. O. Box 81608 
San Diego, CA 92138 

J. Capella 
Health Physics Systems 
2727 N.W. 43rd Street 
Gainesville, FL 32605 

J. D. Tewhey 
Lawrence Livermore Laboratory 
Box 808 
Livermore, CA 94550 

Distr-4 

.' 

, . . 

• 



• 

... 

• 

• 

No. of 
Copies 

S. Tong 
Mare Island Naval Shipyard 
Stop T-11 
Code 2350 
Vallejo, CA 94592 

R. Roy 
202 Materials Research Laboratory 
Pennsylvania State University 
University Park, PA 16802 

C. J. Kershner 
Monsanto Research Corporation 
Mound Laboratory 
P. O. Box 32 
Miamisburg, OH 45342 

W. Palmour, III 
2140 Burlington Engineering 

Laboratories 
North Carolina State University 
Raleigh, NC 27607 

J. P. Duckworth 
Plant Manager 
Nuclear Fuels Services, Inc. 
P. O. Box 124 
West Valley, NY 14171 

J. Kirkpatrick 
Nuclear Fuel Services 
Carolina Avenue 
Rewi n, TN 37650 

R. E. Blanco 
Oak Ridge National Laboratory 
P. O. Box Y 
Oak Ridge, TN 37830 

J. O. Blomeke 
Oak Ridge National Laboratory 
P. O. Box Y 
Oak Ridge, TN 37830 

D. E. Ferguson 
Oak Ridge National Laboratory 
P. O. Box Y 
Oak Ridge, TN 37830 

A. L. Lotts 
Oak Ridge National Laboratory 
P. O. Box X 
Oak Ridge, TN 37830 

R. S. Lowrie 
Oak Ridge National Laboratory 
P. O. Box Y 
Oak Ridge, TN 37830 

No. of 
Copies 

Oak Ridge National Laboratory 
Central Research Library 
Document Reference Section 
Box X 
Oak Ridge, TN 37830 

J. Remark 
Quadrex Corporation 
1700 Dell Avenue 
Campbell, CA 94008 

W. S. Bennett 
Rockwell International 
Rocky Flats Plant 
P. O. Box 464 
Golden, CO 80401 

Lawrence J. Smith 
Rockwell International 
Rocky Flats Plant 
P. O. Box 464 
Golden, CO 80401 

E. Vej voda 
Rockwell International 
Rocky Flats Plant 
P. O. Box 464 
Golden, CO 80401 

A. B. Martin 
Rockwell International 
8900 DeSoto Avenue 
Canoga Park, CA 91304 

R. D. Taylor 
Roto Finish Co. 
3700 Mil han Road 
Kalamazo, MI 49003 

B. Unzens 
Roto Finish Co. 
3700 Milhan Road 
Kalamazo, MI 49003 

D. R. Anderson 
Sandia Laboratories 
Albuquerque, NM 87185 

R. Dosch 
Sandia Laboratories 
Albuquerque, NM 87185 

O. E. Jones 
Sandia Laboratories 
Albuquerque, NM 87185 

R. G. Kepler 
Sandia Laboratories 
Albuquerque, NM 87185 

Distr-5 



No. of 
Copies 

W. Weart 
Sandia Laboratories 
Albuquerque, NM 87185 

D. E. Harrison 
Westinghouse Electric Corp. 
P.O. Box 10864 
Pittsburgh, PA 15236 

W. Tope 
Westinghouse Electric 

Corporation 
Penn Center, Bldg. 2 
Box 355 
Pittsburgh, PA 15230 

R. A. Beall 
U.S. Dept. of Interior 
Bureau of Mines 
Albany Research Center 
1450 W. Queen Avenue 
Albany, OR 97321 

H. W. Godbee 
Union Carbide Corp. (ORNL) 
Chemical Technology Div. 
P. O. Box Y 
Oak Ridge, TN 37830 

W. C. McClain 
Union Carbide Corp. (ORNL) 
Chemical Technology Div. 
P. O. Box Y 
Oak Ridge, TN 37830 

R. G. Post 
College of Engineering 
University of Arizona 
Tucson, AZ 87521 

P. Macedo 
Vitreous State Laboratory 
Catholic University of America 
Washington, DC 20064 

L. L. Hench 
Dept. of Materials Science 

and Engineering 
University of Florida 
Gainesville, FL 32611 

R. G. Bilkales 
170-26 84th Avenue 
Jamaica, NY 11432 

J. B. Kittredge 
3801 Winding Way 
Kalamazo, MI 49007 

No. of 
Copies 

F. K. Pittman 
3508 Sagecrest Terrace 
Ft. Worth, TX 76109 

ONSITE 

12 DOE Richland Operations Office 

E. A. Bracken 
P. A. Craig 
O. J. Elgert 
J. A. Fernandez 
R. E. Gerton 
R. B. Goranson 
J. L. Landon 
H. E. Ransom 
J. J. Schreiber 
M. W. Shupe 
J. D. White 
M. J. Zamorski 

13 Rockwell Hanford Operations 

H. Babad 
L. C. Brown 
R. A. Deju 
R. J. Gimera 
A. W. Graves 
D. R. Gustavson 
E. J. Kosiancic 
C. M. Manry 
S. J. Phi 11 ips 
1. E. Reep 
J. H. Roecker 
D. D. Wodrich 
Fil e Copy 

4 UNC United Nuclear Industries 

T. E. Dabrowsk i 
J. F. Nemek 
K. L. Orrok 
P. J. Robinson 

3 Westinghouse Hanford Company 

A. G. Bl asewitz 
R. E. Lerch 
G. L. Richardson 

367 Pacific Northwest Laboratory 

R. P . Allen 
N. E . Ballou 
A. Brandstetter 
R. L. Brodzinski 
L. L. Burger 
D. B. Cearlock 

Distr-6 

• 

• 



• 

. . 
1 I 

• 
, 

• 

No. of 
Copies 

Pacific Northwest Laboratory 
(continued) 

T. D. Chikalla 
M. O. Cl oni nger 
C. M. Devary 
R. L. Dill on 
P. G. Doctor 
C. E. Elderkin 
J. R. Eliason 
J. W. Fi nni gan 
J. A. Franz 
J. J. Fuquay 
G. W. Gee 
R. W. Goles 
B. Griggs 
C. R. Hann 
A. J. Haverfield 
R. F. Hazelton 
O. F. Hi 11 
J. L. Hooper 
E. R. Irish 
J. H. Jarrett 
R. S. Kemper 
M. R. Kreiter 
L. T. Lakey 
T. M. Lambright 
J. M. Latkovich 

No. of 
Copies 

R. C. Liikala 
G. B. Long 
R. P. Marshall 
J. L. McElroy 
M. W. McCoy (300) 
S. A. McCullough (3) 
R. D. Nelson (3) 
J. F. Nesbitt 
J. M. Nielsen/R. W. Perkins 
R. E . Nightingale 
D. E. Olesen 
C. R. Palmer 
L. D. Perrigo 
A. M. PlG"~t 
J. A. Powell 
J. V. Robinson 
S. C. Slate 
G. L. Tingey 
C. M. Unruh 
H. H. Van Tuyl 
J. W. Voss 
E. J. Wheelwright 
W. R. Wi ley 
L. D. Williams 
W. K. Winegardner 
Technical Information (5) 
Publishing Coordination Vi (2) 

Distr-7 



• 

• 
. t 

, i 

• 

... 




