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INTRODUCTION

General Public Utilities Service Corporation and the Department of
Energy division of Light.Water Reactors are co-sponsoring a demonstra-
tion of the effectivness of a variety of decontamination techniques.

The project is composed of three tasks listed below:

1. This effort will involve preparation for the demonstration and
will consist of design engineering for any necessary plant
modifications and construction of any special facilities
needed to conduct or support the demonstration. This task
also provides for any process technology development that is

needed.

2. This task involves the performance of the demonstration, the
determination or results or effects as they relate to' the
reduction of occupationa1_radiatioh exposure and plant opera-
tion and the determination and dissemination of fe5u1ts._

3. The intent of this task is to proyidg"informatioh forfgovérnf
ment use should it be desired at some future time td.cdnstruét

a mobile decontamination facility~emb1oying the proéesses or o

techniques developed at TMI. The jnfbfmatfon isfheeded to -

help select the design of a mobile facility that would be mogt.i'n

effective in minimizing nadiation'effetts, waste volume and
recovery time from accident. This task should provide a
cost/benefit analysis for a mobile facility cdmpargd td’a
facility assembled at the site where it.isAtd be .used.




Discussion

A recevery building is being deéighed“by'BectéTdekp!fféf use in

the recovery of the containment.bdildinglathThree_Mi}e‘IS]and. ﬁThé»DOE- |

GPU sponsored decontamination facility will 'be housed in-this building. .. -
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DECONTANINATION TECHNIQhES TO BE EVALUATED AND COMPARED

e IMMERSION ELECTROPOLISHING
A.  Acip ELECTROLYTE
B. Basic ELECTROLYTE
«IN S1TU ELECTROPOLISHING
*BARREL ELECTROPOLISHING
- «VIBRATORY FINISHING
. “-ell16H PRESSURE SPRAY -
~....»FREON CLEANING

A, IMMERSION
" B. _ SPRAY
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FIGURE 1. Schematic Drawing of the Type of Electropolishing
Cell Used to Decontaminate Metal Surfaces
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'FIGURE 2. Relationship of Current Density and Cell Voltage
B for Electropolishing Showing Optimum Operating
Region .for Electrochemical Decontamination




DISCUSSION

Electropolishing Process

Electropolishing is an electrochemical process used in both lab-
oratory and industrial applications to produce a smooth, polished
surface on a variety of metals and alloys. Studies have shown that
electropolishing is a versatile, rapid, and effective decontamination
technique forunadioactive meta]}ic surfaces. Its versatility has been
illustrated by its ability to decontaminate compositions ranging from
mild steel, copper, and aluminum to stainless steel and highly alloyed,
corrosion; and heat-resistant materials. E]ectropo]ishing can also be
used to decontaminate, without prior disassembly, relatively complex
components and shapes, includtng assemblies with moving parts. Special
electrodes can be‘usedvas required for the in situ electropolishing of
objects thwt«:annot be accommodated in an e1ectro]yt1c cell. Moreover,
e1ectropo11sh:ng is effect1ve for a var1ety of rad1onuc11des including
plutonium, uran1um, rad1um, coba]t, stront1um, ces1um, and amer1c1um and
for contamlnaf1on that is baked- on, ground 1n, or otherw1se difficult to |
remove using convent1ona] decontam1nat1on procedures

£]ecfrooo]1sh1ng is- an 1ntr1ns1ca11y s1mp1e _process, w1th no mov1ngA
parts except as requ1red for c1rcu]at1on or ag1tat1on of the e]ectr‘o—"i
lyte. Thus, it is amenao]e‘to nemote operatjon ‘and mechan1zat1on-to
further minimfzefoekeonne] expoéure;' Exoefience also -has snown:tnat.tnexf
smooth sunfaCes-onoddced oyfeiectfopolishing are much eaSier'to cjean |
using standard décontamjnation téchnidues'than metal surfacee'Withja-

normal as-received finish.



{

The object to 'be electropolished serves as the anode in an electro-
ljtic cell. The passage of electric current results in the anodic
dissd]ution of the surface material and, dnder prober operating con-
ditions, a progressive smoothing of the surface. Any radioactive con-
tamination 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 component 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. In fact, the surface produced by electro-
bo]ishing usually has better corrosion resistance and other properties
than did the original surface.

Phosphoric acid is used as the electrolyte and is used because of
its stability, safety, and app1icabi1ity to a number of alloy systems.
In addition, the hygroscop1c nature of phosphor1c acid he]ps minimize
airborne contam1nat10n and the good comp]ex1ng character1st1cs of
phosphor1c acid for meta] 1ons may be a s1gn1f1cant factor 1n m1nfm1z1ng
recontam1nat1on from the e}ectro]yte. Other ac1ds and chem1cals can be -
added to the phosphoric acid as hedddred to~ehhance surfeee pas$1v1ty;
increase brightness, or promote sludglng ‘ | B

An e]ectro]yte based on sod1um n1trate has been deve]oped for the{
electrocleaning of h1gh]y rad1oact1ve surfaces The advantage of th1s. '
electrolyvte 1s that the removed contam1nat10n and d1sso]ved meta]s
immediately form a prec1p1tatc wh1ch can bc ca;11y oeparated from the '
liquid. This basic e]ectro]yte w111 be used for the initial decon-»

tamination of components wh1ph_are:h1gh1y contamjnated.




IN-SITU DECONTAMINATION TECHNIQUES

e CONTACT IN SITU
e PUMPED STREAM
e BRUSH

* INTERNAL CATHODE

Discussion

In sith electropolishing techniqueé are under development for ﬁ$e¥.':‘ ‘

in decontaminating large tanks, the interior of 1ohg.pipes,‘poqi‘w&llsj‘"ffz'"'

and other contaminated surfaces that either cannot be ;ransbprteﬁ'ﬁdﬂorf4 fd
immersed in a conventional electropolishing cell.. In‘situitechniﬁueél .
should have many applications in decontahiﬁéiing vé]yés) pymps;1pfpihg;
pool walls, and other components of TMI #2 and other.oﬁeféﬁing'ﬁu;fearfd'
industry facilities'to reduce radiation exposure Qnd fa¢{]iﬁé§é.méjntéﬁé -

ance and inspection operations.
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Schematic of the N-Reactor Corrosion Test Loop
with Electropolishing Equipment Installed



Discussion

Special electropolishing techniques have been developed for the in
situ deContaminatfon of the inside of long pipes. This important
application of in situ electropolishing techniques was demonstrated on
the corrosion test loop at the Hanford N-Reactor in a test sponsored by
United Nuclear Industries, Inc.

The corrosion. test loop, which had been in contact with the primary
coolant for approximately 15 yr, is a 20-ft-long section of 2.7-15.—1.0.
steel pipe. The inside of this pipe was electropolished 2 ft at a time
using a movable cathode that consisted of a 2-ft-long, 1-7/8-in.-0.D.,
stainless steel pipe with ny]qn insulators at each end. The electrolyte
was pumped through the cathode into the pipe, which Was isolated from
the primary coolant system by‘va1ves, and returned to the external
electrolyte reservior through a drain line at each end of the loop, the
electrolyte was supplied to the cathode through a 20-ft-long PVC.pipe
that also servéd tQ'move the cathode and, in.addition, contained the
e}ettriea] cab]elto thé tathode; :A.standard;reactor process tube end
cap was modified fo'§1low,free passégeAéf‘éhe p]aétic pipe while ensuring
contqfnment of the electrolyte. N

Eath 2-ft section of pipe was g1¢ctropq]ished for 20 min at a
A_cufreht'of apbroxfmaté]yv100 A/ft?.; The hydfogen generated by the
' elecfrobo}ishjng process was flushed out of the pipe by the circulating
"(4 gé]/mih) electrolyte and was yented*frbm the external electrolyte
.reservior. The measured.hydrogen level in the working area was always

well bé]ow,a hazardous concentration. At the conclusion of the electro-



polishing runs, the electrolyte was removed and the pipe rinsed b&
pumping water throughmit. The ]imited test time did not permit a more
adequate internal spray rinse. . - 57
| The radiation levels inside the pipe before and after electro- |
polishing were measured at 1—ft intervals using a Geigér-Mue]]er tube.

The electropolishing treatment reduced the average radiation levels in

thé less contaminated portion of the pipe by about 4 R/hr. The readings
near pipe fittings, where pockets of contamination had collected, were
reduced by more than 40 R/hr. Electrolyte containing corrosion inhibitors
was used to minimize corrosion of the pipe by the phosphoric acid.
U]trasonic wall thickness measurements and pressure tests at the con-
clusion of the decontaminafion study verified the integrity -of the pipe -

and permitted its return to service.
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Discussion

Centrifuge

The separator unit will be'used to treat liquid wastes from the
‘Basic Electropolishing Tanks and Vibratory Finisher containing 1arge
volumes of suspended solids. The solid phase will be separated from the
1iquid phase by centrifugation and sent to the solidifier for final
processing. The liquid phase will be stored for reuse. The separator
system will consist of the separator unit, separator feed.tank and
processed liquid storage tank. The syétem will be housed in a-shie1ded

containment enclosure.

































