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SUMMARY 

This report presents evaluations of several methods for the in-process 
decontamination of metallic canisters containing anyone of a number of solidi
fied high-level waste (HLW) forms. The use of steam-water, steam, abrasive 
blasting, electropolishing, liquid honing, vibratory finishing and soaking 
have been tested or evaluated as potential techniques to decontaminate the 

outer surfaces of HLW canisters. Either these techniques have been tested or 
available literature has been examined to assess their applicability to the 
decontamination of HLW canisters. 

Electropolishinq has been found to be the most thorough method to remove 
radionuclides an~ other foreign material that may be deposited on or in the 
outer surface of a canister during any of the HLW processes. Steam or steam
water spraying techniques may be adequate for some applications but fail to 
remove all contaminated forms that could be present in some of the HLW proces
ses. Liquid honing and abrasive blasting remove contamination and foreign 
material very quickly and' effectively from small areas and components although 
these blasting techniques tend to disperse the material removed from the 
cleaned surfaces. 

Vibratory finishing is very capable of removing the bulk of contamination 
and foreign matter from a variety of materials. However, special vibratory 
finishing equipment would have to be designed and adapted for a remote pro
cess. Soaking techniques take long periods of time and may not remove all of 
the smearable contamination. If soaking involves pickling baths that use cor
rosive agents, these agents may cause erosion of grain boundaries that results 
in rough surfaces. 

The report also includes a preconceptual design of a canister decontamina
tion system using electropolishing along with some of the requirements of the 

system. 
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INTRODUCTION 

In most concepts for managing high-level wastes (HLW) from the nuclear
fuel cycle, the wastes in the form of spent fuel or solidified wastes are 
placed in metal containers or canisters for storage, transportation and dis
posal. These canisters serve the following purposes: 

• to isolate and to contain the radioactive waste material 

• to provide a barrier between the waste form and the environment 
• to provide structural integrity for the waste form 
• to provide the means to handle and transport the waste form. 

One of the waste forms that has been under research and development for a 
number of years is glass. In the glass waste-form processes, as in most of 
the other waste-form processes, the outer surfaces of a canister may be con
tacted by the waste before and during the canister-filling step, or at least 
by air or gases, that could contain radioactive elements. Also, the outer 
surfaces of the canisters containing glass are heavily oxidized as a result of 
the high temperatures required to process the glass waste forms. This oxida
tion may trap or contain radioactive nuclides on the outer surfaces, making 
their removal more difficult. 

Because this contamination can fall or flake off and will be transferred 
to other surfaces to which the canister is brought into contact as it is pro
cess or transported, it is a very important step in any waste-form process to 
decontaminate and clean all of the outer canister surfaces as soon as possible 
after the canister is filled and sealed. 

To date, various methods to decontaminate canisters have been researched 
and developed. These can be classified in the general categories of spraying, 
soaking, and scrubbing. For years, the Pacific Northwest Laboratory (PNL) has 
been researching methods to decontaminate equipment and facilities that have 
been contaminated with radionuclides (Ayres 1971). 

The best process for a particular application is dependent on several fac

tors, such as the type and amount of contaminants present; the configuration 
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of and the materials used in the object to be decontaminated; and the acces
sibility, size, and mass of the object as well as the time available to per
form the decontamination. 

This report includes descriptions of tests, data, and information perti
nent to the decontamination of canisters similar to those identified by Simonen 
and Slate (1979) and which contain HLW applicable to both defense-waste proces
ses identified by Stone, Goforth and Smith (1979) and commerical-waste proces
ses identified by Treat (1980). 

The report is divided into five major sections: spraying, soaking, 
scrubbing, an evaluation of all decontamination processes investigated, and a 
preconceptual design of a decontamination station using an electropolishing 

technique. 
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CONCLUSIONS 

A number of cleaning techniques have been developed and used for the 
removal of radionuclides from various materials and items although only a 
limited number of these techniques are or may be adequate for and applicable 
to the in-process decontamination of metallic canisters containing nuclear 
HLW. Electropolishing appears to be the most effective and developed decon
taminat~on technique or method for removal of radionuclides and other foreign 
material from outer surfaces of a canister in a HLW process. Electropolishing: 

• removes all contaminants and foreign material, such as oxides, from 
metallic surfaces 

• removes layers of the metallic surface evenly and smoothly without 
preferentially attacking ground boundaries and other microstructural 
features 

• controls and limits the spread of the contaminant removed from the 
item being cleaned 

• functions as a system applicable to fully remote operations and 
maintenance 

• generated secondary wastes of such a volume and compositions that 
these wastes can be incorporated into the overall HLW process. 

Other decontamination techniques, such as steam or steam-water spraying, 
are fairly simple, have been found to be adequate for the quick removal of 
canister contamination in some HLW processes, and are compatible with remote 
operations and maintenance requirements. However, tests have shown that these 
techniques are not effective on contaminants strongly attached to the canister 
surface or that may have penetrated the surface. Also, these techniques are 
limited in their ability to remove foreign material, such as films and oxide 
coating, that may contain radionuclides. 

Other decontamination methods summarized below either do not have the 
capability to reduce contamination levels as required in the available time or 

3 



have other attributes that may make them less desirable for this particular 
application. These are listed sequentially in terms of their positive 
attributes: 

• Abrasive Blasting 
--is effective and fast 
--removes contaminants, films and foreign material, as well as some 

base material 

--has tendency to roughen surfaces 
--requires additional development 
--could generate large amounts of secondary wastes, although these 

may be incorporated in the HLW process. 

• Liquid Honing 
--effectively and quickly cleans small areas or components 
--removes contaminants, films, and foreign material, as well as some base 

metal 
--decontaminates nonmetallic surfaces 
--may be time-consuming to decontaminate whole canister 
--has tendency to roughen surfaces 

--requires mechanical equipment in a remote zone 
--could generate large amounts of secondary waste. 

• Vibratory Finishing 
--effectively and fairly quickly cleans small components 
--removes contaminants, films and foreign material 
--decontaminates nonmetallic surfaces 
--requires specially designed mechanical equipment in a remote zone 
--could generate large amounts of secondary wastes if a ceramic medium is 

used. 

• Soaking Baths 
--may require long periods of time to be effective 
--decontamination factor may be small 
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--water offers limited removal of contaminants, films and foreign material 
unless special chemicals are used 

--has special chemicals that may contain corrosive agents that will attack 
more than the item to be decontaminated 

--has tendency to roughen surfaces 
--requires little mechanical equipment in a remote zone • 
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SPRAYING 

Spraying uses a high-pressure liquid or mixtures of liquids and solids to 
clean the surface of an object. The sprayed medium can be either water, steam, 
ice, an abrasive, or combinations of these. Two techniques investigated at PNL 

beginning in 1975 are steam and water spraying and liquid honing. In addition, 
the French have used a water spraying technique to decontaminate canisters fil
led with vitrified glass. Finally, researchers at the Savannah River Labora
tory (SRL) have investigated abrasive blasting. 

STEAM AND WATER SPRAYING 

Under the sponsorship of the U.S. Energy Research and Development Admini
stration (ERDA), considerable experimental efforts and tests were conducted at 
PNL using steam and water spray cycles to remove nuclear contaminants from 
metal surfaces and containers. In 1975, full-sized canisters containing high
level wastes were used in decontamination demonstrations. Tests were performed 
on seven different canisters that were filled with HLW during the Waste Solidi

fication Engineering Prototype (WSEP) Program conducted by PNL. 

PC-6 Canister Decontamination 

The canister used for the first study was a nominal 8-in. dia x 8-ft-long 

304L stainless steel (SS) canister that was filled with radioactive calcine in 
the WSEP program during the Sixth Pot Cal~ination Run (PC-6) conducted in 
August 1967. (The pot calcination process is similar to the in-can melting 
process.) The canister originally contained 1.3 mCi of radioactive material. 
The canister was stored in water from the date of filling until October 1969, 
then placed in air storage until December 1973, when it was again placed in 
water storage where it remained until these studies were started. Contamina
tion of the canister occurred when it was filled with glass, and the contamina
tion levels possibly modified some during storage. 

All decontamination of the canister was performed remotely. The first 

method was to move the canister up and down through a fixed-position spray 
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ring. The second method employed a commercial hydraulic jet cleaner (aqua
jet). The spray ring was connected to medium-pressure systems (90-psig pro
cess steam and 75-psig process water). The general decontamination procedure 
using the spray ring is shown below. Decontamination efforts with the aqua-jet 
were performed by a similar method. 

General Procedure for Canister Decontamination Using 
Steam and Water Spray Ring (One Cycle) 

A. Steam Spray 
1. Position canister 6 in. above and aligned with the center of spray 

ring. 
2. Turn on steam to full flow and allow the condensate to flush out. 
3. Lower the canister into the spray ring at a rate of 16 ft/min until 

top of canister is 6 in. below the spray ring. 
4. Raise the canister at a rate of 16 ft/min until canister is 6 in. 

above spray ring. 
5. Repeat Steps 3 and 4 for six complete cycles. 

B. Water Spray 
1. Turn off the steam service to spray ring and turn on high-pressure 

water service. 
2. Lower the canister into the spray ring at a rate of 4 ft/min until 

top of canister is 6 in. below the spray ring. 

3. Raise the canister at a rate of 4 ft/min until canister is 6 in. 
above spray ring. 

4. Repeat Steps 2 and 3. 

C. Repeat A above. 

D. Repeat B above. 

E. Obtain smear sample of canister. 

Smear surveys of the canister were 1,290 counts/min/100 cm2 (1.77 x 
104 dis/min/100 cm2) prior to start of the decontamination procedure. After 

five steam-water cycles (250 gal of water), the smear samples surveys were 
reduced to 97 counts/min/100 cm2 (7.2 x 102 dis/min/100 cm2). The canister 
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was then recontaminated to 485 counts/min/IOO cm2 and subjected to five aqua
jet decontamination cycles. After these five cycles, the smear readings were 
down to about 95 counts/min/IOO cm2• Complete data on the smear samples are 
shown in Table 1. 

Both water spray methods were found to be about equally effective in 
removing the contamination. Both old and new contamination was removed easily. 
The long period of time that the canister had been stored under water may have 
tended to soften the oxide layer. As indicated in Table I, both of the final 
smear levels are higher than the previous ones. No explanation was given for 
this in the original literature. 

Additional Canister Decontamination 

Six other canisters filled in the WSEP program were used for additional 
decontamination tests. A summary of their histories is given in Table 2. As 

with the PC-6 canister, their contamination at the time of the tests was the 
result of the glass-filling process as well as long-term storage. 

Four of the canisters (S-ll, PG-3, PC-5 and PC-7) were cleaned using both 
steam and water at 100 psi and 70 psi, respectively, and the procedure 

described on page 8. This procedure as noted constitutes one cycle, and five 
such cycles were completed on each of the four canisters. The other two can
isters were decontaminated with only steam to determine if it was possible to 

achieve similar cleaning with a simpler and shorter procedure. This procedure 
is listed below. Table 3 compares these two decontamination procedures. 

Decontamination Procedure (Steam Only) 

• Steam Spray (lOO-lb Pressure) 
1. Position canister 6 in. above and align with the center of spray 

ring. 

2. Turn on steam to full flow and allow the condensate to flush out. 
3. Lower the canister into the spray ring at a rate of 16 ft/min until 

top of canister is 6 in. below the spray ring. 
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TABLE 1. PC-6 Can ister Decontamination Data 

Garrma Energy Anal{S;S 
Geiger Muller Survel(el 

Sampl e 
Ce 141 Ce144 Cs 134 - - ,17 Ru 106 - -Z;:95 Eu 154 Eu 155 

Tota 1 
~is!min/lOO om2 

Total 
cm2 Number "s __ .~ -.-Bu.~_ dis!min(d) counts/mi n counts/mi nil 00 

5_9(a) --I . 50 x 103 3.79 x 105 9.90 x 102 9.13 x 104 "1.11 x 102 7.76 x 10 1 2.65 x 10 4 7 . 77 x 10 3 1.70 x 104 3.32 x I,A 5.47 x 105 1.77 x 104 40,000 1,291.67 

5- iO ·1 .06 x 10 3 1.29 x 105 9.66 x 102 5.55 x 104 ·2.22 x 102 3.23 x 102 7.62 x 103 . 3.47 x 103 7.00 x 103 1. 56 x 10~ 2.07 x 105 6.69 x 103 17,500 565.02 

$-11 3.36 x 101 6.14 x 104 5.80 x 102 3.07 x 104 1. 12 x 10 2 5.37 x 10 2 1.26 x 104 5.98 x 102 8.80 x 103 1. 11 x 104 1.12 x 105 3.61 x 103 9,500 306.77 

5- 12 ·8.40 x 101 2.06 x 104 ·3.12 x 102 7.80 x 103 1.11 x 10 2 7.76 x 10 1 5.97 x 10 3 9.56 x 102 .10 x 103 2.60 x 103 3.21 , 104 1.04 x 103 3,000 96.88 

5-13 3.02 x 10 2 ·6.51 x 103 5.55 , 102 5 81 x 10 3 1.11 x 102 7.76 x 10 1 ·2.82 , 103 3.59 , 102 (0) 
1.20 x 10 3 7.01 x 10 3 2.26 x 10 2 1,800 58.13 

5-14 ,2.18 x 10 2 1.41 , 104 .1. 45 x 102 6.21 x 103 1.11 x 10 2 . 1. 23 x 102 3.15 x 10 3 2. 29 x 102 2.00 x 103 2.23 x 104 7.20 x 102 3,000 96.88 

5-15 (b) 3.36 x 10 1 1.15 x 105 6.04 x 102 4.78 x 104 1.11 x 102 7.76 x 101 1. 33 x 104 .65 x 104 1.81 x 104 1.97 x 105 6.37 x 103 15,000 484.38 

....... $-16 9.24 x 10 2 1.14 x 105 ,7.97 x 10 2 3.77 x 104 9.98 x 10 2 . I. 20 x 103 9.12 x 103 5.50 x 10 3 8.20 x 103 1.56 x 104 I. 75 x 105 5.67 x 10 3 7,000 226.04 
0 $-17 ·1.34 x 101 '2.66 x 104 .4.35 x 102 4.71 x 104 .11 x 102 7.76 x 101 6.13 x 103 3.35 x 103 2 90 x 102 4.40 x 10 3 5.44 x 104 1. 76 x 103 5,000 161.46 

$-18 '3.36 x 10 1 6.58 x 10 3 I. 45 x 10 2 I. 76 x 103 .11 x 10 2 7. 76 x 101 9.94 x 10 2 2.39 x 10 2 6.00 x 102 7. 18 x 103 2.32 x 102 1,400 45.21 

$-19 5.04 x 10 1 I. 03 x 104 . I. 45 x 102 5.52 x 103 1. 11 x 10 2 7.76 x 101 1. 99 x 103 7.17 x 102 1.30 x 10 3 1.17 x 104 5.53 x 10 2 2,900 93.65 

------
(a) 5-9 through 5-14 are samples from spray-ring procedure. 
(b) 5-15 through 5-19 are samples from aqua-jet procedure. 
(0 ) Dash indlcates not detectable. 
(d) Isotopes with signs not irlcluded in total dlsintegratlons/min. dis/min. 
( e) A Gelger-Muel H:r survey meter WdS used to obta,n the counts per minute numbers. 



TABLE 2. Summary of Canister Histories 

Canister SRecifics 
Canister Material 

F i 11 Date 

Radioactivity Level at 
F i11, mC i 

Total Heat Ratio, kW, 
at F ill Date 

Heat-Rate Density, W/~ 
at Fill Date 

Centerline Temperature, 
oC, at Fill Date 

Stored in Water 

Stored in Air Since 

SS-11 
304L 

3/70 

3.1 

10.5 

175 

754 

10/70-
5/71 

5/71-

Canister Number 
PG-3 PC-5 PC-7 
Mild 304L 304L 
Steel 

1/68 

0.6 

3.3 

95 

655 

7/68-
1/70 

1/70-

7/67 

1.15 

4.3 

78 

725 

2/68-
4/70 

4/70-

8/70 

1.4 

5.6 

93 

1012 

1/71-
10/71 

10/71-

SS-6 
304L 

11/68 

3.0 

10.0 

168 

767 

5/69-
10/69 

10/69-

SS-5 
304L 

10/68 

2.5 

8.2 

127 

633 

4/69-
9/69 

9/69-

4. Raise the canister at a rate of 16 ft/min until canister is 6 in. 
above the spray ring. 

5. Steps 3 and 4 constitute a cycle. Repeat as needed. 

The test conditions and results for the four canisters cleaned with steam 
and water and the two decontaminated with only steam are summarized in Table 4. 

These tests indicate that the major portion of the contamination was 
removed early in the procedure. The canisters that had been stored for a num
ber of years exhibited an outer layer of material that varied from a scale to 
a powder. This layer was mostly removed in the early decontamination cycles 
although a rather tenacious film remained. As indicated in Table 4, the steam 
cycle cleaned the canisters (SS-6 and SS-5) nearly as well as the steam and 
water cycle although the cycle was five times shorter in duration and required 
fewer services. 
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TABLE 3. Comparisons of Procedures 

Time Needed for Ga llons Pounds 
Procedures Decontamination, min Water Used Steam Used 

Steam and Water 140 310 40 
Steam 30 0 20 

After two of the six canisters had been decontaminated, they were recon

taminated with actual high-level waste corresponding to a reactor burnup of 
about 54,000 MWD/MTU and an age of 2 yr. The waste was applied in two ways to 
s imul ate an "easy-" and a "worst-case" contami nat i on. The II easy-case" used 
dry-waste calcine sprinkled on the canister; the "worst-case ll involved a solu
tion of dissolved calcine in nitric and hydrofluoric acids applied to the can
ister and allowed to dry. Table 5 summarizes the results of the steam-water 
decontamination tests on the two canisters recontaminated with HLW. 

The analysis of the data on the doped canisters indicates that the dry 
calcine (Canister SS-5) was easily removed to very near the level prior to 
recontamination. However, the "worst-case" acid solution (Canister PC-5) was 
not easily removed, and the canister remained at a very high level of contami
nation. This high level is considered to be due to the absorption/penetration 
of the acid solution into the oxide on the surface of the canister. 

These tests showed the ability of steam-water or steam sprays to remove 
surface contamination, but both techniques do not have the capability of remov
ing all fixed surface contaminants or those contaminants that may have pene
trated the surface. 

Canister Material Decontamination Tests 

Additional steam-water decontamination tests were performed on small 304L 
SS canisters and a flat Inconel bar. The canisters were 2.25 in. 00 and 11 in. 
long; the flat bar was 1/4 in. thick, 2 in. wide and 11 in. long. These test 
pieces were exposed to conditions and contaminants that could be present while 
a canister is being filled with either calcine or glass containing high-level 
wastes. Basically, the test components were heated at 10500C for 1 h, cooled, 

12 

... 

'. 



TABLE 4. Smear Tests Radiation Levels on WSEP Canisters 

dis/min/100 cm 2 
Decontami na ti on 

Canister Initial 1 s t C.l::c le 2nd C~cle 3rd C~cle 4th C~cle 5th C~cle Background Factor 

5-11 2.80 x 106 8.63 x 104 4.39 x 10 4 4.43 x 104 1.04 x 104 3.93 x 103 1.86 x 103 712 

PG-3 8.26 x 105 2.31 x 104 5.67 x 103 T(a) 147 
PC-5 4.76 x 10 6 7.26 x 103 5.01 x 103 4.36 x 102 950 

~ PC-7 3.45 x 106 2.65 x 104 9.97 x 103 2.36 x 102 346 w 
55-6 3.65 x 106 1.40 x 104(b} 8.83 x 103(c} 3.86 x 102 413 
55-5 3.13 x 106 2.4 x 104(b} 2.25 x 104(c} 1.41 x 103 139 

(a) T = Trace < 100 dpm/100 cm2. 
(b) First test cycle consisted of 18 steam cycles. 
(c) 5econd test. cycle consisted of 12 additional steam cycles. 



TABLE 5. Doped Canister Decontamination Data 

dis/min 100 cm2 
Prior to After Three Steam After Five Steam 

Canister Decontamination(a) and Water C~cles and Water C~cles Background 
SS-5 2.25 x 104 1.07 x 105 3.48 x 104 2.47 x 104 

PC-5 3.09 x 103 3.17 x 106 1.27 x 106 6.04 x 102 

(a) No smear was taken after contamination with HLW due to excessive radia
tion levels. 

then exposed to the contaminants indicated in Table 6 and placed in a furnace 
at 10500C for another hour. 

These items were passed through a spray ring using 70 and 100 psig steam 
and water pressures, respectively. The procedure used for these tests was 
that described on page 8 except the pass-through rates were lower. As 

described, the procedure constitutes one cycle; 12 such cycles were used for 
each of these items. A summary of the test results is given in Table 7. 

Several times during each of these tests, the level of contamination 
increased at the subsequent cycle. This increase was apparently due to incom
plete decontamination and the exposure of new layers of contaminants which was 
caused by the removal of preceding layers. The decontamination factor varied 
from 0.2 to 1050, which indicates that steam-water spraying does not have the 
capability to remove all surface contaminants that may be present on canisters 
used in a glass waste-form process. 

TABLE 6. Items and Types of Contamination 

Contaminated Items 
Can ister #1 

Canister #2 

Canister #3 
Flat Bar 

Type of Contamination 
Old calcine dissolved in HN03 
Crushed glass (5.74 g/50 ml H20) 

Calcine in H20 (0.74 g/50 ml H20) 
Calcine in H20 (0.74 g/50 ml H20) 

14 

~ 



.... 

.. 

TABLE 7. Summary of Canister Material Smear Activity 

Steam-Water Counts/min/lOa cm2 
C~cles Can i ster #1 Canister #2 Canister #3 Flat Bar 

47,000(a) 7,388,000(a) 6,044,000(a) 9,767,000(a} 

1 51,500 1,041,000 1,869,400 837,000 
2 672,000 353,000 582,100 348,800 
3 10,500 430,000 353,700 125,600 
4 6,900 403,000 369,400 279,000 
5 20,100 884,300 347,000 176,700 

6 11 ,200 284,000 107,000 511 ,600 
7 15,700 47,700 83,900 227,900 
8 9,800 71,600 100,700 167,400 
9 42,500 120,900 134,300 325,600 

10 24,600 83,300 67,200 83,700 
11 4,700 16,800 56,000 162,800 

12 223,800 35,800 60,500 9,300 
Background: 200-4,000 400-4,500 400-1,500 

(a) Initial act iv ity. 

Marcoule Vitrification Plant (AVM} Canister Decontamination S~stem 

The operation of the continuous vitrification process in the Marcoule 
Vitrification Plant (AVM)(a) was initiated in 1978. The plant produces a 

container loaded with approximately 360 kg of vitrified glass each day of 
operation. At planned intervals, the glass is poured into the metallic con
tainers or canisters which are 0.5 m in dia and 1 m high. Several hours after 
the canister is filled, it is transported to a weld area where it is sealed. 
Usually the next day, the canister is lowered into a tank located in a decon
tamination cell between the process and the storage cells where it is washed 

(a) Information source for this section: Casey 1978. 
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from top to bottom by a traveling spray ring. Each canister is washed with 
450 ~ of pure water at high pressure (200 bars or 2,900 psi) for 3 min. The 
final activity of the wash water has been shown to be less than 2 x 10-4 ~Ci/ 
m~. Also, no activity has been detected in the air stream around the canister 
during the subsequent transfer to the storage area. 

LIQUID HONING 

Liquid honing(a) is a process used in the metal-finishing industry to 

remove burrs and machine marks, to relieve stress concentrations, and to clean 
surfaces prior to electroplating. Liquid honing combines a liquid containing 
30-vol% abrasive particles with a stream of air at 90 psi. The air propels 
the abrasive and liquid mixture against the surface to be cleaned. During 
operation, the liquid and air are directed with a hand-held gun, which can be 
designed for specific applications. For example, a special gun can be used to 
facilitate cleaning of holes that have a large depth-to-diameter ratio. The 
thickness of metal removed during a typical decontamination cycle using liquid 
honing techniques equals approximately 0.01 mm. A typical honing system is 
shown schematically in Figure 1. 

90 PSI 

AIR SUPPLY 

RECIRCULATION 

'-----.t---' PU M P 

FAN 

PREFILTER 

BLAST AREA 

\. 
BLAST GUN 

SLURRY 

1----~ TO FILTERED 
EXHAUST 

CONTAINMENT 
CABINET 

FIGURE 1. Schematic Drawing of a Liquid Honing System 

(a) Information source for this section: Arrowsmith and Allen (1978). 
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Li quid honing has been tested on a variety of nuclear reactor components 
contaminated with beta/gamma f i ssion products. For example, the contamination 
l evel of a ball-channel inspection tool const ructed of mild steel with inflat
able ru bber sides (Fi gure 2) was r educed from 900 to 80 mrem/h ,after 5 min of 
processing. A re ac tor process cap was decont aminated from 100 to <1 mrem/h 
after 3 min of process ing (Figure 3) . In t hese examples, liquid honing not 
only cl eaned exterior met al surfaces bu t also decontaminat ed rubber surfaces 
as wel l as threaded areas, and deep into bolt holes. A summary of items 
decont ami nat ed using l iquid honing is presented in Table 8. 

A 

B 

FIGURE 2. St ain l ess Steel Ball Inspect ion Too l: (A) Contaminated With 
Beta/Gamma Fissi on Product and (B ) Af ter Decontami nation 
Using the Liquid Honing System 
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FIGURE 3. Reactor-Process Tube End -Caps After Decontamination by 
Liquid Hon ing 

These tests show that l i quid honing has the capability to remove quickly 
and effectively cont am i nat ion from small. i tems made of various materials and 
which have a wide range of configurati ons . A fully contained system to limit 
spread of the contaminants is requi red. 

ABRASIVE BLASTING 

Abrasive blast ing or spraying techniques have been evaluated at SRL 
(Rankin 1980) as alternat i ves to chemical processing for decontamination of 
stainless steel canis ters containing waste glass. Processes investigated have 
been dry abrasive blast ing, wet (s lu rry) abrasive blasting , high-pressure water 
plus frit abrasive blasti ng, and high-pressure water blasting. 

18 
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TABLE 8. Representative Items Decontaminated by Liquid Honing 

Radi at ion Levels 
Initial, Final, 

Decontaminated Item mrem/h mrem/h Time 
Ball-Channel Inspection Tool 900 70 5 min 
Wheel Pulling Tool 3 0.1 5 min 
Manipulator Tongs 50 0.4 5 min 
Process-Tube End Cap 60 1 3 min 
Process-Tube End Cap 100 5 3 min 
Process-Tube Insert 200 5 2 min 

Process-Tube Insert 200 26 45 sec 
Process-Tube Insert 300 20 1. 5 mi n 
Reactor Fuel Spacer 300 20 2 min 
Reactor Fuel Spacer 330 17 2 min 

Laboratory-scale tests indicate that all processes, except high-pressure 
water blasting, would remove an oxide film from type-304L stainless steel 
similar to that expected on the outside of a HLW canister. Other labora
tory-scale tests have shown that all processes, except high-pressure water 
blasting, would remove baked-on alpha contamination and alpha, beta and gamma 
contamination picked up from the vapor space inside a glass melter during pro
duction of waste glass containing actual radioactive sludge. 

In addition, the major results of larger-scale tests carried out at 

equipment manufacturers' locations show that: 

• all processes using glass frit as an abrasive would remove oxide from 
304L stainless steel and would, therefore, be expected to remove radio
active contamination 

• estimates of consumption rates made in laboratory-scale tests were 
confi rmed. 

Further development of larger-scale equipment for spot decontamination 
techniques is planned at SRL. This equipment will consist of wet (slurry), 
high-pressure water rinse, and high-pressure water plus slurry. The same glass 
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frit used in the HLW process for the manufacturing of waste glass will be used 
as the abrasive in the decontamination techniques. All solid wastes from the 
decontamination process--the waste glass and the contaminated oxide removed 
from the 304L stainless steel--will be incorporated in the HLW process at the 
melter as a slurry. All liquid waste from the decontamination process will be 
evaporated. Provisions to decontaminate all of the canister's outer surfaces 
and to limit and control the spread of the contaminants are areas of concern. 
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SOAKING 

Soaking is a very efficient and widely accepted method for decontamina
tion. The contaminated part is placed in a tank of solvent where contaminants 
are removed principally by chemical action. The part is then flushed with 
clean water. Physical cleaning forces, such as agitation and spray, can be 

added to enhance the removal process. Two techniques useful in varying 
degrees for decontaminating contaminated materials that could be used in the 
HLW canisters are a mini-wet basin and a specific modified soaking adaptation 
called electropolishing. 

ELECTROPOLISHING 

Electropolishing is the opposite of electroplating. Instead of electri
cally adding a thin layer of a metal to an object as in electroplating, a thin 

layer of metal is removed. Electropolishing, as the name implies, is an elec
trochemical process used in both the laboratory and in a wide range of indus
trial applications to produce smooth, polished surfaces on a variety of metals 
and alloys. 

Studies conducted at PNL under the Department of Energy (DOE) sponsorship 
have shown that electropolishing is also capable of rapidly and effectively 
removing radioactive contamination from metal surfaces. Mild steel, copper, 

aluminum, stainless steel, and highly alloyed corrosion-resistant and heat
resistant materials have been successfully decontaminated using this techni
que. Electropolishing can be used to decontaminate, without prior disassem
bly, relatively complex components and configurations, including assemblies 
with moving parts, the interior of tubing, and threaded sections. Whenever 
required, special electrodes and techniques can be used for the in-situ decon
tamination of components that cannot be accomodated in an electrolytic cell. 
Moreover, electropolishing effectively removes a variety of radionuclides 
including plutonium, uranium, radium, cobalt, strontium, cesium, and ameri
cium, as well as contamination that is baked on, ground in, or otherwise dif

ficult to remove using conventional procedures (Allen and Arrowsmith 1979). 
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Electropolishing has been demonstrated to be an effective decontamination 
technique. The ability to rapidly clean even highly contaminated surfaces to 

background radiation levels is important both from an environmental and an 
economic standpoint. Complete decontamination controls the spread of con
taminants or permits the repair and return to service of critical components 
with a minimum of time and personnel exposure. Decontaminated items can also 
be reused in nonradioactive applications, and metals and alloys can be 
recycled rather than buried (Allen et ale 1978). 

Although the mechanisms of electropolishing are complex, its application 
as a decontamination technique is relatively simple as it is an intrinsically 
simple process with no moving parts except those required for circulation or 
agitation of the electrolyte. Thus, it is amenable to remote operation. 

Most of the electropolishing decontamination studies have been conducted 
using immersion electropolishing systems of the type illustrated in Figure 4. 

The object to be electropolished serves as the anode in an electrolytic cell. 
The passage of electric current results in the anodic dissolution of the sur
face material and, under proper operating conditions, a progressive smoothing 
of the surface. Any radioactive contamination on the surface or entrapped 
within surface imperfections is removed and released into the electrolyte by 
the surface dissolution process. The amount of metal removed from the compo
nent surface to effect decontamination is usually less than 0.002 in. and is 
removed uniformly with no preferential attack of grain boundaries or other 
microstructural features (Allen et ale 1978). 

Figure 5 illustrates the complex current-voltage relationship observed 
for many of the decontamination studies. At low voltages and current densi
ties, the metal removal is nonuniform, resulting in etching rather than 
polishing. Conversely, at high voltages, the dissolution process is accom
panied by excessive oxygen evolution resulting in severe pitting of the sur
face (Allen et ale 1978). 

Typical decontamination times range from 5 to 30 min, corresponding to 

the removal of 0.0003 to 0.002 in. of surface material at a current density of 

22 



" .. 

. . 

ANODE 

+ 

ELECTROL YTE 

PARTS TO BE DECONTAM INATED 

STAINLESS STEEL 
CATHODE 

STAINLESS STEEL 
TANK 

FIGURE 4. Schematic Drawing of Electropo li shing Cell Used to Decontaminate 
Metal Surfaces 

150 A/f t2. It us ua lly is necess ary to move the anode contac ts once during 
the el ec tropolishing cycl e to ensu re decontaminat i on of the area under the 
contacts . 

St ain less steel el ec t r opolishing t anks are prefer red for decontamination 
app li cations because t he el ectropo l ishing system i t sel f can be decontaminated 
whenever required by mak ing the tank wall s anod ic. Al so , the metallic tank 
walls can serve as the cathode f or waste process i ng app licat i ons where main
tenance of t olerances on the decontaminated compon en t is no t important. 
Otherwise, separate cathodes are used that are shaped and posi t ioned either to 
ensure un iform polishing of t he ent i re component or to min imi ze metal removal 
on threaded secti ons or other criti cal compo nent areas. 
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ETCHI NG WITH VERY SLOW 
DECONTAMINATION RATE 

HIGH RATE OF 01 SSOLUTI ON 
WITH SURFACE PITTING 

POLI SH ING ACTI ON WI TH 
RAP ID DECONTAMINATI ON 

FIGURE 5. Relationship of Current Density and Cell Voltage for Electro
polishing Showing Optimum Operating Region for Electrochemical 
Decontamination 

Other components of an electropolishing decontamination system are dc and 
ac power supplies, rinse tanks, a ventilation system, and provision for cool
ing, heating and agitating the electrolyte and rinse solutions. (See Figure 21 
for a proposed canister decontamination system us i ng electropolishing.) 

Process Parameters 

Electropolishing does have some limitations as a decontamination te chn i
que. It is only effective for surface contamination and is not applicabl e t o 
induced activity. Although the conductive power of the electropolishing 
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solutions is quite good, the ability of the technique to remove contamination 
from deep cracks, crevices, holes, and other areas that are shielded from the 
cathode is limited unless the geometry of the object is favorable for the use 
of an internal cathode. The surfaces to be decontaminated must be electrically 
conductive, should be relatively clean, and in a geometry and size that can be 
accomodated in the electropolishing facility. 

Also, although the surfaces produced by electropolishing usually exhibit 

better corrosion resistance and other properties than surfaces with standard 
as-received finishes (Zentler and Boyle 1961; Parlapanski 1970), the effect of 
the electropolishing decontamination treatment on the critical service proper
ties of safety-engineered components must be determined before electropolish

ing can be used for this class of applications. However, electropolishing has 
great potential for the control of contamination as well as exposure-reduction 
applications because of its ability to rapidly remove beta/gamma surface con
tamination. 

Decontamination Studies and Demonstrations 

As indicated previously, a number of studies and demonstrations of decon
tamination using electropolishing have been conducted at PNL under DOE and 
other government agencies sponsorship. Highlights of previous activities per
tinent to this subject and details of unreported work are included below. 

Prepolishing Applications 

Previous studies have shown that electropolished surfaces are more easily 
decontaminated using conventional decontamination methods than are metal sur
faces with standard as-received finishes. This has been attributed to the 
removal by the electropolishing process of the microscopic surface imperfec
tions capable of entrapping and retaining contamination (Platt and Powell 
1979a). Figure 6, for example, shows electrochemically decontaminated stain
less-steel laboratory ware used to transport radioactive solutions. The highly 
polished surfaces produced by the electropolishing treatment substantially 
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FIGURE 6. Stainless Steel Laborat ory Ware Decontaminated by El ectro
po l i shi ng. The high ly po l ished surface facili t ated subse
quent decontami nat ion using st andard swab t echniques . 

reduced t he time and rad i ation expos ure requ i red for subsequent decontami na
tion usi ng swab and other conventional techniques (Al l en and Arrowsmith 1979). 

These observations suggest that electropolishing used to prepo l ish the 
surface of items that become contaminated in their normal service environmen t 
should facilitate subsequent decontamination and possibly even reduce the in i
t ial contaminat ion level. Thi s electropolishing application should be useful 
for l arge components and surfaces such as shipp ing casks and refueling pool 
wa ll s, as well as for many types of sma ll er items , provided that the surfaces 

are not degraded by the service environm ent . 
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Contamination tests conducted in a BWR fuel-transfer channel during 
refueling operations confirmed that electropolished surfaces also are more 
resistant to contamination by radionuclides than are other surface finishes 
under identical service conditions. The results of tests comparing 18 elec

tropolished 304 stainless-steel samples with equivalent samples representing 
standard surface finishes are presented in Table 9. The electropolished sur
faces were substantially less contaminated by the refueling operation than 
were the other finishes. Subsequent treatment by a high-pressure water spray 

reduced the levels even further, producing a final contamination level for the 
electropolished surfaces lower than the minimum achievable levels for the 

other fi nishes by a factor of 5 to 13. These test results further demonstrate 
the value of prepolishing surfaces that will be contaminated in their normal 

service environment (Platt 1979). 

Decontamination Demonstrations 

Research studies have demonstrated the ability of electropolishing to 

reduce the radiation levels of steel tools and stainless steel vacuum system 
components, heavily contaminated with plutonium oxide, from 1 million dis/mini 

100 cm2 to background in less than 10 min. Other examples of objects that 
have been decontaminated within minutes using electropolishing include hot-cell 

manipulator assemblies, analytical instrument components, laboratory transfer 
containers, offsite shipping containers, fission product storage capsules, 

TABLE 9. Comparison of Contamination Levels for Electropolished and 
As-Received Surface Finishes Exposed in a BWR Fuel Transfer 
Channel During Refueling 

Surface Finish 
Electropolished 

Superfinish 

28 Sheet 

No. 1 finish 
bead-b 1 as ted 

Contamination Level, counts/min 
After Exposure After Decontamination With 

During Refueling High-Pressure Water Spray 
3,000 to 6,000 1,500 

40,000 

40,000 

15,000 

27 
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l aboratory animal cages, and nuclear-reactor process- t ube components (All en et 
al . 1978). These items included l arge components with more than 15 ft2 of sur
face area, ducting, and threaded and prec ision-machined parts having cri t ical 
t olerances . 

Spec ifi c examples of items decontaminat ed in t he 400-ga l syst em located 
in PN L's Demonst r at ion Decontaminat ion Faci l ity are (Al l en et al. 1978) : 

• Sta i nless steel animal cages (Figure 7). Electropolishing for 20 mi n 
removed radium and lead-210 contamination that had resisted al l prev ious 
decontaminati on efforts using standard t echniques . 

FIGURE 7. Stainless Steel Animal Cage Decontaminated by El ectropo li sh 
ing Wi t hi n 20 min 
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• Mild-steel valve from the Hanford N-Reactor (Figure a). The as-received 
unit was heavily corroded as well as contaminated with beta/gamma fission 
products. Electropolishing removed the corrosion layer and reduced the 
contamination level from 40 mrem/h to background. 

A summary of the items decontaminated is shown in Table 10 while specifics 
related to some are noted in Table 11. 

These tests indicate the ability of the electropolishing technique to 

remove effectively a variety of contaminants from items that vary considerably 

in size and configuration and that are made of various materials that could be 
used in HLW canisters. Therefore, the extension of this technology to HLW 
canisters appears to be very feasible. 

Electrolyte Tests 

Various combinations of phosphoric, sulfuric, nitric, hydrochloric, and 

hydrofluoric acids were tested as electrolytes for the removal of oxide layers 
from heavily oxidized 304L stainless steel canister material from the in-can 

melter solidification process. The best solutions and operating conditions 

found in the first test were: 

• Electrolyte #1 
55% H3P04 
45% H20 

• Electrolyte #2 
55% H3P04 
10% H2S04 
35% H20 

Temperature - aooc 

Current Density - 0.16 A/cm2 

Time - 1 h 

Temperature - aooc 

Current Density - 0.16 A/cm2 

Time - 1 h. 

Both of these electrolytes were effective in removing all of the exposed 

oxide. Figure 9 is an optical cross section showing the descaled metal and 
some of the original oxide that was masked to prevent its removal. Approxi

mately 200 ~m of base metal, or a thickness corresponding to that of the oxide 
layer, was removed by the descaling process. Although the resulting surface 

was microscopically rough, there was no pitting. 
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FIGURE 8. Mild-Steel Valve (A) Heavily Corroded and Cont aminated 
Before Electropolishing and (B) Completely Decontaminated 
After Electropolishing 
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TABLE 10. Representative Surface-Contaminated Metal Items Decontaminated 
by Electropolishing 

Item 
Core drill bit 

Animal cages and trays 

Product receiving canister 

Materi a 1 

Mil d steel 

Stainless steel 

Stainless steel 

Contamination 
Beta/gamma 

Radium; lead-2l0 

Plutonium 

Standards capsules Stainless steel Plutonium 

TraveliJng wire flux monitor Stainless steel Beta/gamma 

Waste sampling tubes Mild steel Alpha/beta/gamma 

Large reactor valves Mild steel Beta/gamma 

Electropolishing tank Stainless steel Plutonium 

Compressor blades Aluminum Uranium; beta/gamma 

Ducting Stainless steel Plutonium 

Pipe Mild steel Plutonium 

Glove-box waste Stainless and mild steel Plutonium 

Vacuum system parts Stainless steel Plutonium 

Manipulator tong assemblies Stainless, mild steel Beta/gamna 
and a 1 umi num 

Analytical instrument Stainless steel Alpha/beta/gamma 
components 

Laboratory ware Stainless steel Beta/gamma 

Storage capsules Hastelloy C Strontium fluoride 
Stainless steel Cesium chloride 

Pneumatic cylinder Mild steel Beta/gamma 

Demister Stainless steel Plutonium 

Connector rings Mild steel Beta 

Pipe clamps Mild steel Beta/gamma 
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Item 
Mass-spectrometer 
components 

Chemical vessel 

End caps and inserts 

Foot clamp 

Glove-box panels 

Power-reactor valve 
components 

TABLE 10. (contd) 

Material Contamination 
Stainless steel Alpha/beta/gamma 

Mil d stee 1 Plutonium 

Mild steel Beta/gamma 

Mild steel Cesium 

Stainless steel Plutonium 

Stainless steel Cobalt-60 

Additional tests performed with various electrolytes for the decontamina
tion of materials having an oxide layer as a result of being placed in a high
temperature furnace indicated that an electrolyte containing 63% of H3P04, 15% 
H2S04 and the balance of H20 gave the best oxide removal rate. 

These studies and others conducted for the PNL-administered Commercial 

High-Level Waste Fixation Program demonstrated that electropolishing using 
phosphoric acid electrolytes will remove oxide layers as thick as 200 ~m from 
representative canister surfaces. However, longer electropolishing times (1 h 
versus 10 to 20 min) and more base metal removal (200 ~m versus 25 to 50 ~m) 
are required than would be needed for the decontamination of unoxidized stain
less steel (Allen et al. 1978). 

Thus, these test results show that 1) electropolishing techniques employ
ing relatively mild electrolytes can be used to descale the surface of oxidized 
304L canisters; 2) the optimum conditions for oxide removal correspond to those 
for optimum electropolishing; and 3) electrolyte compositions are known or can 
be developed to effectively remove not only contaminants but oxidations that 
will be generated on the surface of canisters in some of the HLW processes. 
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TABLE 11. Results of Electropolishing of Various Items 

Item 

Waste Sampling 
Tank 
Valve (heavily 
corroded) 
Corebit 
Tools 

F1 ux Moni tor 

Ducti ng 

Standard Capsule 

Manipulator Tong 

Compressor 
Blades 
Storage Capsu1 e 

Metal 

Mild Steel 

Mil d Steel 

Mild Steel 
Stainless 
Steel and 
Mild Steel 
Stainless 
Steel 
Stainless 
Steel 
Stainless 
Steel 
Stainless 
Steel-Mil d 
Steel 
Aluminum 
Aluminum 

Has te 11 oy 
C-276 

(a) BG: Background. 
(b) NR: Not Reported. 

Initial Contamination 

1 mR/h 

40 mR/h 

1 R/h 
106 dis/min/100 cm2 

2 mR/h 

15,000 dis/min/100 cm2 

200,000 dis/min/100 cm2 

10 R/h 

2,000 dis/min/100 cm2 2 
6,000 counts/min/100 cm 
5 R/h 

Final 
Contamination 

BG(a) 

BG(a) 

BG(a) 
BG(a) 

BG(a) 

BG(a) 

BG(a) 

BG(a) 

5 mR/h 

Electropolishing, 
Time, min 

15 

5 

4 

10 

10 

20 

Contamination 
Type 

Alpha, beta, 
gamma 
Beta, gall11la 

Beta, gamma 
Al pha. beta, 
ganma 

Beta, gamma 

Alpha 

Alpha 

Beta, gamma 

Alpha 
Beta, gamma 
Beta, gamma 



FIGUR E 9. Optical Micrograph of Oxidized 304L Stainless Steel 
Descaled by Electropol ishing With Electro lyt e #1 

Spent El ectro lyte Sol idifica tion 

As a resu lt of studies(a) to de termine t he most effect i ve mean s of con
verting spent phos phoric acid el ect rolyte i nto a neutralized soli d su i t abl e 
for onsi te disposal, a direc t caustic neutralization proce ss has been se lected 
and is now in use . In this process , 50 NaOH is added directly to t he elect ro
lyte, whi ch cau ses a violent and i nstantaneous reaction, rapid ly increasi ng 
the temper ature from 25 0 to 10Soe. After the pH reaches 9 to 10, additi on of 

(a) Informat ion source f or t his section : Pl att and Powell (1979b) . 
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NaOH is stopped and the solution cools. By the time the mixture reaches ambi
ent temperature, it has become a solid. This process increases the waste vol
ume by a factor of 2.1. 

Two other alternative processes investigated were 1) adsorption of the 
electrolyte on an adsorbent clay followed by neutralization with 50 NaOH and 
2) use of urea-formaldehyde to form a solid matrix to contain the electrolyte. 

The problems with the adsorption process were the difficulty in mixing the 
electrolyte, caustic, and adsorbent together and the large increase in waste 
volume (a factor of 3.8). The urea-formaldehyde process was simple and effec
tive. However, since the electrolyte was not neutralized prior to mixing, the 

acid could be easily leached away from the solid. In addition, since the 
matrix is organic, it could evolve radio lytic gases when containing an alpha 
producer. 

Canister Materials and Configuration Decontamination 

Hastelloy Capsules 

Double containment in Hastelloy C-276 capsules(a) is used to ensure the 
safe, long-term storage of radioactive strontium fluoride processed through 
the Hanford 225-B encapsulation facility. The inner storage capsule (5.7 cm 
00 by 0.484 cm long) is filled with strontium fluoride powder in a hot cell 

and sealed using remote-gas tungsten-arc welding. These remote filling, weld
ing, and handling operations unavoidably contaminate the capsule surface with 
strontium fluoride in a form that is extremely difficult to remove using con
ventional scrubbing and spray decontamination procedures. 

Therefore, electropolishing was developed as an alternative surface 
decontamination technique for the inner storage capsule. Initial feasibility 

studies using contaminated dummy capsules and capsule sections demonstrated 
the ability of electropolishing to rapidly and effectively remove the external 
strontium fluoride contamination. For example, the radiation levels of cap
sule surfaces smearing 4 rad/h were reduced to less than 200 counts/min by 
electropolishing for less than 30 min. Based on these test results, a 20-t 
electropolishing system incorporating a cylindrical cathode to maintain 

(a) Information source for this section: Arrowsmith et ale (1977). 
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capsule dimensions, and special design features to facilitate remote manipula
tor operation, was developed for installation in the B-Plant encapsulation 
facility. Using this electrochemical capsule decontamination system, it is 

possible to produce the nonsmearable surface required for secondary encapsula
tion by electropolishing the capsules in <30 min with a total metal removal of 
<50 ~m. Although this system is small, it has confirmed that capsules or 
canisters can effectively be decontaminated in a remote process without damage 
to the integrity of the canister. 

Oxidized Inconel Canister Material 

Another study(a) showed that the thinner oxide layer «16 ~m) and asso

ciated internally oxidized region formed on Inconel 601 by simulated in-can 
melter service is readily removed by the same type of electropolishing treat
ment used to decontaminate unoxidized metal surfaces. Figure 10 compares the 
electropolished Inconel-601 surface with the original oxidized surface (masked 
to prevent its removal). The figure shows that electropolishing removes mate
rial uniformly and does not preferentially attack grain boundaries or other 
microstructural features even in the heavily oxidized areas. 

Canister Material 

To compare results of different decontamination techniques and to deter
mine if electropolishing might be an effective technique to be used following 
an initial steam-water spray decontamination process, electropolishing decon
tamination tests using a sulfuric-phosphoric acid mixture were performed on 
the small 304L stainless steel canisters and the Inconel bar discussed ear
lier. Figure 11 shows the electropolishing tank used and one of the mini
canisters. 

After each of the test pieces had been exposed to a series of steam-water 
cleaning cycles as discussed in "Canister Material Decontamination Tests" 

(p. 12), they were processed through an electropolishing system. A summary of 
the test conditions and results are noted in Table 12. 

(a) Information source for this section: Allen et al. (1978). 
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FIGURE 10. Cross Secti on of Ox idized Incone l 601 Canister Material, 
Comparing the Orig i nal Ox idized Surf ace and t he Descaled 
Surface Prod uced by Elec tropo l i shi ng 

These tests show that surfaces heavy with oxidation and contamination can 
be effectively decontaminated t o a leve l wh ich is equal to or bel ow background 
by usi ng a combination of steam-wat er was hes fol l owed by el ectropo lishing. 
Also, t he tests show t hat either 304L st ai nl ess stee l or Inconel can be decon
taminated and that the geomet ry of t he contaminat ed item did not s ignificantly 
affect t he decont amination process . The use of electropolishi ng reduced the 
activi t y level of t he canisters by a factor ranging from 24 to 1, 000 . Also, 
decont amination of al l i tems using the same el ectrolyte showed the capability 
of cont aminated electrolyte to st i l l effectively decontaminate items. 
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FIGURE 11. Elec tropolish i ng Vesse l and Min i-Canister 

Since the st eam-water wash cycles appear to be capable of removing only 
surface contamination in layers, an d since elec t ropo li sh i ng has the capabi lity 
of removing contami nation not only on the surface but also t hat trapped below 
the surface, as well remov ing material un if ormly , i t is f elt t hat electropol
ishing alone could be used for decontami nat ion. 

As indicated by All en et al. ( 1978 ) , rapid progress has been made in t he 
development of elect ropo l ishing as an effective decont am inat ion technique for 

the removal of transurani cs and other contaminants from a var iety of met al s 
and alloys. Along with other app l ications, elec t ropoli shing could be used 'as 

a decontamination technique to: 
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TABLE 12. Electropolishing Decontamination of Canisters and Flat Bar Materials 

Ini ti al Final 
Contamination Level Contamination Level 

Item counts/min/100 cm2 Electro~olishin9 Time Rinse C.l:cle counts/min/100 cm2 

Cani ster #1 223,800 Preheated electrolyte, 20% nitri c aci d 2,240 
1 h p1 us 5 min solution and 
reversed polarity then air-dry. 
30 min plus 5 min Water, then 20% 224 
reversed polarity nitric acid. 

Then rinse in 
water and air-
dry. 

Canister #2 35,800 No preheat, 2 hand Water, then 20% 1,500 
30 min at various HN02, then water 
voltages and currents and air-dry. 

w and intermediate 
~ rinses 

30 min at 5.6 VDC and Same as above 190 
62 A 

Cani ster #3 60,500 No preheat, 90 min at Same as above. 630 
various currents and 
voltages 
60 min at 5.6 VDC and Air-dry 750 
60 A then 30 min at 
various voltages and 
currents 
30 min at various cur- Same as Canister 190 
rents and voltages #2 

Flat Bar 9,300 No preheat, 3 hand Same as above 390 
15 min at various 
voltages and currents 
and intermediate 
rinses 



• Decontaminate canisters, equipment, shipping casks, and other components 
and surfaces contaminated by spent-fuel handling, transportation, encap
sulation and storage operations. 

• Decontaminate canisters, equipment, shipping casks, and other components 
and surfaces contaminated by the preparation, transportation and disposal 
of high-level and other defense wastes. 

MINI-WET BASIN 

In addition to electropolishing tests, canisters have been soaked in water 
for extended periods of time and the decontamination aspects evaluated. To 
demonstrate canister decontamination during storage, a mini-wet basin(a) (illu
strated in Figure 12) was established to duplicate parameters of a water basin 
storage for canisters containing HLW. 

The stainless steel-lined basin can hold up to four WSEP canisters. The 
water from the basin could be circulated through a 5-~m filter for particulate 
control and an ion exchange column to remove soluble radioactive elements. 

Cooling coils were provided for decay heat removal. Other operating vari
ables, such as water velocity past the canisters, basin temperature, ion 

exchange resin used, and filtration, were similar to those designed for the 
Allied General Nuclear Service's Barnwell facility. 

A total of three tests were performed on two canisters during the WSEP 
campaign. Table 13 shows the WSEP data and canister storage history. The 
canisters were prepared for these tests by removing all loose foreign material 
with a water spray ring. 

The smearable contamination level of the canister surface was determined 
before and after each test by smearing a 1000-cm2 section of the canister with 

a 100-cm2 smear pad. A blank smear was used to determine the background level 

of A-Cell. Table 14 lists the results of the smear tests with the background 
levels subtracted. 

(a) Information source for this section: McElroy (1978). 
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TABLE 13. WSEP Canister Fill and Storage Data 

Fill History 
Fill date 
Volume of solids,~ 
Bulk Density, kg/~ 

Fill height, in. 
Total mCi 

Total heat rate, kW 
Heat rate density, W/~ 
Centerline Temperature, °c 
Wall Temperature, °c 
Radiation at 8 ft in September 

1976, rem/h 
Canister Materi a1 

Storage History 
Water B-Ce 11, yr 

Air B -Ce 11, yr 
Air A-Cell, yr 
Mini-wet basin, yr 

SS-7 

December 
62.0 
3.2 

75.0 
3.6 

12.7 
205.0 
928.0 
475.0 

51.0 

304L 

2-1/2 

5-1/2 
1/2 

Cani ster 

1978 

PG-2 

December 
35.0 
2.9 

43.0 
0.4 

1.7 
49.0 

335.0 
220.0 
27.0 

304L 

1-3/4 

5-1/4 
1/2 

1978 

Figure 13 is a graphical representation of the self-decontamination 
observed during the three tests. During the longest test, 86% of the initial 

smearab1e contamination was removed during storage in the mini-wet basin. 

The basin water was periodically sampled and analyzed radiochemically for 
137Cs . Figure 14 shows the trend of 137Cs concentration, dis/min/m~, in the 

basin water during each of the three tests. In Test A, a 66-d run, the basin 

water line was valved to bypass the deionizer. The effect of contamination 
diffusion to the ion-exchange bed is shown as a decreasing water contamination 

level. In Test B, a 31-d run, the basin water was valved to pass through the 
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TABLE 14. Radiochemical Analysis Results of Smear from 1000 cm2 of 
Canister Surface 

Canister 
No. and Days 
SS-7, 66 

SS-7, 31 

PG-2, 145 

Radioisotope 
Measured 

144Ce 
106Ru 
134Cs 
137 Cs 
125Sb 
154Eu 

Total 

144Ce 
106Ru 
134Cs 
137 Cs 
125Sb 
154Eu 

Total 

144Ce 
106Ru 
134Cs 
137Cs 
125Sb 
154Eu 

Total 

(a) Below limits of detectability. 

Initial 
Smear, Ci 
2.30 x 10-7 

(a) 

2.17 x 10-9 

1.89 x 10-7 

( a) 

1. 58 x 10-8 

4.37 x 10-7 

1.65 x 10-7 

5.08 x 10-9 

(a) 
-8 3.72 x 10 

( a) 
-8 1.47 x 10 

2.22 x 10-7 

7.52 x 10-7 

1. 75 x 10-8 

5.96 x 10-9 

7.60 x 10-7 

5.41 x 10-9 

1.25 x 10-7 

1. 67 x 10-6 

Final 
Smear, Ci 

1. 65 x 10-7 

5.08 x 10-9 

(a) 

3.72 x 10-8 

(a) 

1.46 x 10-8 

2.22 x 10-7 

1.13 x 10-7 

5.21 x 10-9 

(a) 

2.17 x 10-8 

1.40 x 10-9 

1.05 x 10-8 

1.52 x 10-8 

1.23 x 10-7 

(a) 

(a) 

7.11 x 10-8 

( a) 

2.53 x 10-8 

2.19 x 10-7 

deionizer. In Test C, a 145-d run, the deionizer was valved out of the basin 
water recirculation system. The water recirculation was controlled at 

0.5 gal/min. 
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FIGURE 13. Self-Decontamination of HLW Canisters During 
Water-Basin Storage 

Tests demonstrated that during storage of surface-contaminated canisters 
in deionized water, the radioactive contaminants will move from the canister 
to the water. This self-decontamination is not only time dependent but it is 
also dependent on chemical species, chemical structure and concentration, flow 
rates and canister wall films. Therefore, soaking for extended periods of 
time is a technique that may not result in the required decontamination factor 
or would not be compatible with the time requirements of the HLW process. 
Some studies indicate that a solution of nitric and hydroflouric acids will 
remove all surface oxides and contaminants. However, the treatment of the 
contaminated acids would be difficult. 
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SCRUBBING 

Scrubbing is the mechanical removal of foreign material and contamination 
from a base surface. Scrubbing is typically done with a cloth, metal sponge, 
brush or abrasive in conjunction with a detergent or solvent. If an abrasive 
is used, it should not contain any materials that, if left on the surface of 
the item to be decontaminated, would degrade performance or affect the intended 
use of the item. In some forms of the scrubbing technique, all the physical 
and chemical force can be applied to a specific contaminated area. Scrubbing 

also tends to remove contamination that adheres to the surface, and is probably 
best applicable for removal of small areas of contamination. 

Although scrubbing can be adapted for remote operation, it is typically 
used in a "hands-on" operation. The application of the technique over the 
entire exterior surface of a canister in a remote operation would require 
special equipment. 

Vibratory finishing, a form of scrubbing, is described here. 

VIBRATORY FINISHING 

A vibratory finishing process usually combines mechanical scrubbing action 
with a chemical cleaning action. Vibratory techniques along with other pre
treatment techniques, including high-pressure sprays, ultrasonic cleaning, 

vapor degreasing, and wet and dry abrasive blasting, were initially evaluated 
in PNL decontamination studies as possible means to remove paint, grease, cor
rosion layers or gross contamination from items prior to exposing them to other 
decontamination processes (Allen et al. 1978). Vibratory finishing was found 
to be the most promising of these techniques because it could accomplish all 
of these needs in a single step with a minimum of operator attention and at a 
high production rate. 

A plastic or ceramic medium containing abrasive or nonabrasive metal par
ticles is vibrated at a high frequency in the presence of a cleaning solu
tion. The medium scours the surface of the metal components, and the cleaning 
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sol ution f lushes away t he spent abrasive and the material removed from the 
surface. The compos ition of t he solution can be varied as required to promote 
removal of grease an d paint or other f oreign material. 

Virtu all y no soli d secondary waste is produced by the process when metal 
partic l es are used. However , when a ceramic or plastic medium is used, an 
appreciable amou nt of secondary waste in the form of wet sludge is generated. 

A vibrat ory f i nisher with a 4-ft3 tub capacity that could hold >300 lb 

of met al (Fi gu re 15) was used for these pretreat ment studies . Other equipment 
with >50 f t 3 capac i ty is readily avai lable. 

FI GURE 15. Vibrat ory Finisher With 4-ft3 Tub Capaci t y Used in 
Pret reatment Studies 
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A variety of noncontaminated metal specimens were tested in the vibratory 
finisher using a conical-type plastic medium. The vibratory finisher success
fully removed rust and epoxy-type paint from irregularly shaped objects (a 

pipe support bracket, a 2-in.-00 pipe, and a I-in. hexagonal nut) in less than 
10-h processing time. Tests with rectangular stainless steel samples of vary
ing length-to-width ratios showed that although the sharp corners and edges 
are rounded by the abrasion process, the actual amount of metal removed is 
very small (less than 0.5 wt% for 31 h of processing) (Allen et al. 1978). 

Similar encouraging results were obtained using different types of cera
mic media and different cleaning solutions, including dilute phosphoric acid 
and dilute sodium hydroxide. The caustic solution was particularly effective 
in rapidly removing grease as well as latex and enamel paints. Epoxy paints 
required substantially longer proceSSing times, but preliminary studies using 
special caustic additives and higher operating temperatures have indicated 
that just a few hours of vibratory finishing under these conditions may be 

adequate even for these paints. 

Beta/gamma-contaminated mild steel and rusted clamps and connector rings 
from the Hanford N-Reactor were processed in the vibratory finisher. The ini
tial radiation level of the clamps averaged about 100 mR/h, with most of the 
contamination associated with the heavy rust layer. Four hours of vibratory 
finishing were sufficient to remove this corrosion layer and leave a clean, 
bright surface ready for electropolishing as illustrated by the before-and
after picture in Figure 16. In addition, this pretreatment reduced the aver
age radiation level to about 1 mR/h, with higher readings in a few small areas 
that were inaccessible to the medium. 

A second test consisted of 150 contaminated carbon steel rings, 3 in. 00 
by 2 in. IO by 0.4 in. thick, processed in the same 2 ft3 of ceramic medium 
used for the pipe clamps. The rings had an initial radiation reading of 3 to 
6 mR/h, which was reduced to less than 0.5 mR/h with 4 h of processing. As 
with the clamps, most of the remaining contamination was in small inaccessible 

grooves (Allen et al. 1978). 
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FIGURE 16 . Mi ld Steel Pipe Clamps (A) As-Received and (B) After Removal 
of Rust and Gross Co ntam i nat ion by 4 h of Vi bratory Finishing 

Laboratory-scale studi es conducted by PNL in cooperation with Rockwell 
Hanford Operat ions Company and UNC Nucl ear Industries have shown t hat vibra

tory fin ishi ng is a rapid and eff ecti ve technique f or removing pl utonium and 
other radionucli de contaminati on from a variety of met al li c and nonmetallic 
surfaces . For example , t he cont ami nat ion level s of stee l t oo l s and stainless 
steel gl ove- box panel s and vent il at ion ducts heav i ly contaminated with plu
tonium oxide have been reduced f rom >4 x 105 dis/min/lOa cm2 t o <10,000 dis/ 
min/lOa cm2 in 1 h process i ng time . Ot her obj ects that have been decontami
nat ed by vibratory finishing i nclude Plexiglas panels, gl ass t anks, Neoprene 
gaskets, r ubber gaskets , Hypalon gloves , PVC sheet, plastic gloves and bag-out 
bags (McCoy, Ar rowsmith and All en 1980) . 

Bet a/g amma- contam~nated mi ld steel fue l spacers, process-tube end-caps, 
and process-t ube inserts were decontaminated by vibratory fin ishing in a steel 
medium for a total of 10 h using a commercial l iquid compound . This test 
(Table 15 ) showed t hat average surface cont amination leve l s of the components 
were substant i ally reduced and that most of this reduct ion occurred during 
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TABLE 15. Decontamination of Beta/Gamma-Contaminated Components Using 
Vibratory Finisher with Steel Medium 

Fixed Contamination, mrad/h 
Initia1 After 1 h After 2 h After 10 h 

Component Outsiae Insiae Outside Inside Outside Inside Outside Inside --
Fue 1 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 2,000 counts/min 1,000 counts/min 400 counts/min 
medium 

the first hour of processing. Moreover, even after only 1 h 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 (McCoy, Arrowsmith and Allen 

1980) . 

Another demonstration was conducted using electropolishing to decontami
nate material that had not been pretreated in the vibratory finisher. The 
pieces required repeated electropolishing with scraping and application of 
paint stripper between runs. These applications resulted in longer electro
polishing times and a much longer handling time per unit of material (McCoy, 
Arrowsmith and Allen 1980). 

Table 16 summarizes and compares the results of a three-part demonstra
tion. It should be noted that these results represent averages and not opti
mum values for the entire demonstration. Both the time requirements and final 
contamination levels decreased as the demonstration progressed, reflecting the 
normal evolution 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 sys
tems and do not reflect the substantial increase in production rate and 

decrease in labor requirements that could be realized through system scale-up 
and automat ion. 
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TABLE 16. Comparison of Demonstration Results 

Electropolishing Electropolishing 
Vibratory With Vibratory Without Vibratory 

S~ecifics Finishing Finishing Finishing 
Number of runs 19 21 21 
Total area processed, ft2 315 131 118 
Processing time, min/run 65 12 36 
Production rate, ft2/h 17 7 3 
Labor, man-h/ft2 0.14 0.37 0.72 
Final contamination level, 0.11 0.0006(a) 0.0014(a) 

nCi/g 

(a) Electropolishing can completely decontaminate metallic surfaces. The 
objective of this study was only to decontaminate material to well below 
the 10 nCi/g limit. 

Furthermore, even after decontaminating this material, the medium and tub 
walls were found to be essentially uncontaminated. The same abrasive action 
that removes the contamination also keeps these surfaces clean. The contami
nation, rust, paint, spent abrasive, etc., are continuously washed out of the 
vibratory finisher into a waste container where they can be collected and con
centrated for disposal. Thus, in addition to preparing surfaces for final 

decontamination by electropolishing, vibratory finishing is itself an effec
tive decontamination technique that may be adequate for a number of applica
tions. Its adaptation for use in full-scale canisters may be limited. 
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EVALUATION OF DECONTAMINATION PROCESSES 

The application of a decontamination technique to HLW canisters must be 
considered on the basis of decontamination criteria to the degree that a 
selected technique is useful in meeting a specified and acceptable radiation 
level. In addition, a decontamination technique must be selected in terms of 
various factors, such as remote application, canister material, canister con
figuration, canister size and mass, and types and forms of contaminants. This 
section outlines possible decontamination criteria and evaluates the limita
tions and advantages of the various decontamination processes investigated, 
and concludes that electropolishing is the most effective process demonstrated. 

DECONTAMINATION CRITERIA 

Although the transportation and the repository requirements and limits of 
HLW canisters have not been fully identified or established yet, it is believed 
that the decontamination criteria for metallic canister holding HLW can be 

stated as follows: All significant removable radioactive nuclides, or foreign 
material containing radioactive material, o~ material that may fall or break 
off, shall be removed from the outer surfaces of a HLW canister as soon as 
practical after the canister is filled and sealed, and before the canister is 
moved or transported from the process cell where it was filled. 

In a HLW solidification process, significant contamination levels should 
be determined in relationship to the facility and the existing background 
levels that may exist in the cells, the storage pools or for the internals of 
the shipping casks. The extreme lower significant level may be that identi
fied in 49 CFR 173.397 and as shown in Table 17. 

The specified level that the exterior of the canister is to be lowered to 
should assure that the filled waste canister will not cause significant radio
nuclide contamination of the downstream processing facilities by the shedding 
of surface contamination during normal operations. 

53 



TABLE 17. Limits for Removable Contamination 

Radionuclides 
Natural or depleted uranium 
and natural thorium 

Beta-gamma 
Alpha 

All other beta-gamma-emit
ting radionuclides 

All other alpha-emitting 
radionuclides 

Maximum Permissible 
Level for Any 

300 cm2 Surface Area 
Ci/cm2 dis/min/cm2 

10-3 
10-4 

10-4 

10-5 

2,200 
220 

220 

22 

DECONTAMINATION PROCESSES LIMITATIONS AND ADVANTAGES 

Steam and Water Spraying 

The in-cell equipment for a steam-water decontamination process is rather 
simple and is of the type that is compatible with remote operations and 

replacement since it consists mainly of vessels and lines. A conceptual 
design of a spray decontamination facility is shown in Figure 17. 

Tests have been performed on samples representing potential canister 
material, on small-scale canisters as well as on full-size canisters filled 

with HLW. Tests performed to date indicate that steam-water sprays remove 
most of the contamination early in the decontamination cycle but that there 

may be considerable contamination remaining even after fairly long cleaning 
cycles. Also, the sprays are not able to remove contaminants that may have 
penetrated the surface. Such contaminants can be expected in glass-waste pro
cesses where canisters oxidize and glass containing HLW may be deposited on 

the outer surfaces of the canister. 

Steam Spraying 

A steam decontamination station would be essentially the same as a steam 

and water station. Tests conducted with steam have shown results similar to 
those for steam and water cleaning of various materials and configurations 
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Also, since this blast technique tends to disperse the contaminants and the 
material removed from the surfaces being cleaned, controlling the spread of 
the contamination and maintaining a low background contamination level in the 
overall system are problems. 

Abrasive Blasing 

Certain abrasive blasting techniques are capable of removing radionuclides 
and foreign material (i.e., oxides) from stainless steel surfaces. Adapting a 
particular technique to a fully remote mode will involve considerable develop
ment and some in-cell mechanical components. Using glass frit as the abrasive 
medium and cycling it into the glass HLW process would be a major step in 
reducing the complexity of handling and processing the secondary wastes. 

Soaking 

Tests performed on full-scale canisters containing HLW show that with 
time (tens of days) a considerable reduction in radioactivity can occur due to 

self-decontamination in circulated and treated deionized water. However, this 
decontamination is not complete, and self-decontamination may not be adequate 

to prevent the spread of contaminants present on the outer surfaces of various 
HLW canisters during subsequent handling, transportation or storage. 

Vibratory Finishing 

Vibratory finishing has great potential for reducing contamination levels. 
The versatility of the operation combined with the minimal operator require
ments make vibratory finishing particularly suitable for field decontamination 
installations and applicable to remote operations. Tests have shown that 
vibratory finishing is a fairly rapid and effective technique for removing 
plutonium and other radionuclide contamination as well as rust and other 
foreign material from the surfaces of a variety of metallic and nonmetallic 
items. 

Although there presently are commercial vibratory units that have up to 
60-ft3 capacities, the size and mass of the HLW process canisters would 
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limit the vibrating finishing system to the use of a ceramic medium rather 
than the metal medium which is normally used for decontamination applications. 

Electropolishing 

The in-cell electropolishing equipment will be more complicated and 
involved than that for a steam-water spray system, but still applicable to 
remote operation as well as remote removal and replacement. Also, the require
ments of full-scale equipment are better identified and will probably be no 
more complex than the in-cell equipment required for vibratory finishing, 
liquid honing or the abrasive blasting processes. 

Various tests performed on small-scale canisters and on various materials 
that might be used for HLW canisters have shown that electropolishing is an 
efficient and effective decontamination technique and produces cleaner sur
faces much faster than either spraying or soaking. Figure 18 illustrates a 
comparison of the electropolishing, liquid honing, and vibratory finishing of 
9 m2 of the material, and shows how efficient electropolishing is compared 
to these processes. Also, for the time required for decontamination, the 
results of electropolishing are orders of magnitude better. 

Unlike the various spraying or soaking techniques, electropolishing has 
the capability of removing loose and fixed contaminants from the surface as 
well as contaminants that may be trapped below the surfaces by applying uni
form and controlled removal of the base material. Also, tests have shown 
electropolishing to be effective in removing other foreign material such as 
oxide layers that may hold or trap contaminants. 

The electropolishing electrolyte contains the contamination removed from 
the surfaces being cleaned, and limits its dispersal. Liquid honing and abra
sive blasting techniques do not guarantee this type of control. Also, this 
technique permits the maintaining of a low background contamination level in 
the system. Electropolishing also leaves a smoother surface on the decontami
nated item without preferentially attacking grain boundaries or other micro
structural features. The resulting electropolished surface exhibits better 

corrosion resistance than before, and if recontaminated can be decontaminated 
more easily. 
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FI GU RE 18. Compari son of Process ing Time , Labor , and Final Contamina
t ion Level of 9 m2 of Material Decont ami nated Using Elec
t ropo li shing, Vibratory Finish ing, and Liqui d Hon ing 

Si nce electropolishing is so effecti ve in decontaminating the mater ial s 
used f or canisters, and can remove the contaminants and the fore ign material 
t hat cou ld be deposited on the ou t side conf iguration of a canister in any of 
the HLW processes be i ng considered, it shou ld be the technique used for 

requi red canister decontaminat ion. 
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PRECONCEPTUAL OUTLINE OF DECONTAMINATION STATION 

A decontamination station or system to limit and to control the spread of 
nuclear contamination that may be deposited or present on the external surfaces 
of a canister will, by necessity, have to be designed to be compatible with a 
particular HLW solidification process. The decontamination system presented 
here must be considered preliminary and only as a concept that could be devel
oped into a detailed design applicable to a given HLW process in a particular 
facility. 

INTRODUCTION AND BACKGROUND 

The first consideration in reducing contamination is preventing it in the 
first place. Radioactive contamination of the canister will occur principally 
as a result of the direct contact of the canister with HLW material such as 

calcine, contact with contaminated surfaces, or during exposure to the envi
ronment in the process cells. Means of potential contamination must be evalu
ated and provisions incorporated into the design of the HLW process, its 
equipment, the canister and the facility to prevent the spread of or at least 
minimize and control all radionuclides. 

OBJECTIVES 

Since the basic requirement for a decontamination system or station is to 
have the capability to reduce the contamination level of HLW canisters to a 
prerequisite level that could be dependent on the location in the HLW process, 
the objective of a decontamination system is to provide the equipment and the 
provisions to clean the external surfaces of HLW canisters as required as they 
are processed. 

CRITERIA 

The canister decontamination system shall have the capability to remove 

all significant radioactive nuclides and foreign material containing 
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radioactive elements, as well as other material present that may fall or be 
broken off from all of the outer surfaces of a HLW canister without any harm
ful effects to the canister. 

BASES AND ASSUMPTIONS 

The following bases and assumptions are to be used for the HLW processes, 
the canisters and the decontamination system: 

• The canisters will have only smooth surfaces and rounded corners, and all 
exterior surfaces will be accessible. 

• The canisters are to be made of a material or materials that are compat
ible with the decontamination method or methods. 

• The decontamination technique and procedure used will not affect the HLW 
product form or the integrity or quality of the canisters. 

• The decontamination technique will limit and control the spread of con
taminants removed from the canisters. 

• The secondary waste produced during the decontamination process will be 
kept to a minimum. 

• Decontamination secondary wastes will be of a form or forms that can be 
incorporated upstream in the HLW process, or easily solidified and dis
posed of. 

• The decontamination technique will only be performed on closed and sealed 
canisters. 

• The system must be remotely operable and reliable. 

PROCESS DESCRIPTION 

Canister decontamination will be initiated after a canister has been fil
led and sealed and is at such a temperature that the decontamination process 
will not have a detrimental effect on the waste product form. (The product 

and canister may need to be cooled to a steady state with the canister-wall 
temperature close to that of the decontamination solutions.) 
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The initial decontamination (which may be the only one) will be conducted 
in the primary process cell or during a transfer to a secondary cell. This 
first step will at least remove any loosely attached contaminated material 
that could become airborne or transferred by direct contact. Electropolish
ing, which is a special adaptation of soaking, is proposed for this decontami
nation system. 

In the electropolishing technique, the object to be decontaminated serves 

as an anode in an electrolytic cell. The passage of electric current results 
in the anodic dissolution of the metal surface. Any radioactive contamination 
on the surface or entrapped within the surface imperfections or oxide layer is 
removed and released to the electrolyte during this process. The amount of 
metal normally removed from the component surface to effect decontamination is 
approximately 0.002 in. 

A basic schematic of a canister electropolishing station is shown in Fig
ure 19. The electrolyte, which may be anyone of several acidic solutions, is 
held in a stainless steel tank. Provisions for heating, cooling, and agitat
ing the solutions are included. The canister is lowered into the tank and 
e1ectropolished. Afterwards, it is slowly removed while the electrolyte is 
rinsed off with hot water. Additional rinses may be performed in another tank. 

The decontamination station, like all other operations in a remote pro
cess facility, should be as simple as possible and haVe a minimum number of 
controls and remote connections. A detailed design of an electropolishing 
tank for such a decontamination station, utilizing an overhead crane or hoist 
to install, relocate and move a canister, is shown in Figure 20. 

This demonstration tank is designed for the decontamination of a canister 
2 ft in dia and 3 ft tall. A 6-in.-wide cathode band is located in the upper, 
larger-diameter portion of the tank. Sections of the canister are lowered in 
line with the cathode band and decontaminated one at a time during successive 

cleaning cycles. After all of the contaminated surfaces of the canister have 
been exposed to the cathode band and cleaned, the canister is lifted out of 

the electrolyte and its outer surfaces rinsed with water or steam from sprays 
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FI GURE 19 . Schematic of Canister Decontamination 

located around the upper portion of t he tank . The condensate is co ll ected i n 
t he tank. Th is condens ate can replace the water that may have evaporat ed as a 

resul t of the heat loading of the canister. 

If des i red, the electrolyte can be drai ned from the t ank pr ior to canis
ter remo val. The canister is then sprayed and remo ved from the tank . The 
res ul t i ng condensate is drained and co llec ted f or reuse in a separat e holding 
tank. After the can ister dries, a smear is taken and analyzed t o determi ne if 
t he decontaminat i on was adequate. 

A process f low diag r am for this type of an electropo lish i ng canister 
decontami nat i on system is depicted by Figure 21. This di agram i nd icates the 
ser vices and the aux ili ary equipment required as wel l as thei r re l at ionship to 
t he cani st er i n a remotely operated process decontaminati on system. For a 
syst em to decont aminate canisters 2 ft in dia and 10 ft t al l, the elec tropol
ish ing tank wou ld have an app roximate maximum dia of 4 ft and a height of ~1 5 

ft. If the canister were only 16 in. in di a, the maximum diamet er of the tank 
coul d be r educed t o ~3 f t . 

As suming the can is ters are fabricated of 304L st ain less stee l and have 

oxidi zed surf aces , the best electrolyte f or decontaminat ion app li cation would 
be a phosphoric ac id so lution similar to one of t hose noted i n "Electrolyte 
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Electropolishing Tank Concept 

Tests" (page 29). However, the electrolyte solution selection will depend on 
process safety and waste disposal requirements (including possible incorpora
tion of the waste in the waste-form process). Approximately 300 gal of elec
trolyte would be the minimum amount required for a system to decontaminate 

2-ft-dia by 10-ft-long canisters. 

Although the electrolyte may be highly contaminated, it will remove con
taminants from the surface of the canister. Also, when the activity of the 

solution is too high, the electrolyte, depending on its composition, can be 
reclaimed by fractionation, acid absorption, or solvent extraction, and then 

63 



reused. The small amount of residual radioactive material can be then com
bined with other liquid wastes for treatments. It may also be possible to 
include all secondary wastes from electropolishing in the HLW stream. Initial 
assessments show that inclusion of typical electropolishing wastes would not 
adversely affect HLW solidification. The inside of the electropolishing tank 
may be cleaned by the use of installed spray nozzles or by reverse electro
polishing. 

The best methods to reclaim electrolyte or to handle and process the 
secondary wastes will be dependent on the particular HLW and decontamination 
process, the canister material and configuration, and the facility. There
fore, these methods are not identified further. 

Immediately after the decontamination operation, the canister is trans
ferred to the next cell or process station to prevent recontamination by the 
cell environment. As discussed above, the decontamination may be performed 
during transfer operations. This type of an arrangement is shown in Figure 22. 
If further decontamination operations are required for the canister, other 
decontamination stations located in adjacent process areas are to be utilized. 
These may be identical or similar to the first decontamination station, or an 
in-situ technique may be adequate if only selected areas on the canister will 
require decontamination. 
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