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. INTRODUCTION 

General Pub1 i c  U t i  1 i ti es Service Corpora t ion  and the  Department o f  

Energy d i v i s i o n  o f  L i g h t  Water Reactors are  co-sponsoring a demonstra- 

t i o n  o f  t he  e f fec t i vness  o f  a v a r i e t y  o f  decontaminat ion techniques. 

The p r o j e c t  i s  composed o f  th ree  tasks l i s t e d  below: 

1. Th i s  e f f o r t  w i l l  i n v o l v e  p repa ra t i on  f o r  t he  'demonstrat ion and 

w i l l  c o n s i s t  o f  design engineer ing f o r  any necessary p l a n t  

m o d i f i c a t i o n s  and cons t ruc t i on  o f  any spec ia l  f a c i l i t i e s  

needed t o  conduct o r  support the demonstration. This  t ask  

a l s o  prov ides f o r  any process technology development t h a t  i s  

needed. 

2. Th i s  task  i nvo l ves  the  performance o f  t h e  demonstrat ion, t he  

de terminat ion  o r  r e s u l t s  o r  e f f e c t s  as they  r e l a t e  t o *  the  ,, 

r e d u c t i o n  o f  occupat iona' l  r a d i a t i o n  exposure and p l a n t  opera- .. 1 
t i o n  and the  determinat i ,on. and d i  ss'emjnation . . of r e s u l t s .  

. . . . 

. . , . 

3.  The i n t e n t  of  t h i s  task  i s  t o  p rov ide '  i n f o r m a t i o n  f o r  I 
. .  . 

ment use should i t  be des i red  a t  some f u t u r e  t ime t o ~ , c o n s t r u c t  :. 
. . I 

a mob i le  decontaminat ion f a c i l i t y  ,employing the  processes Ou! . ' . . 
' 

,;. 
techniques developed a t  TMI. , The i n f o r m a t i o n  i s  needed t o  . . . I 

. . 
. . 

h e l p  sel.ect t he  design o f  a mobile, . . f a c i l i t y  t h a t  would be most . .  ! 
e f f e c t i v e  i n  m in im iz ing  r a d i a t i o n  . .  e f f e c t s ,  . waste volume a n d '  

recovery  t ime f rom accident .  Th i s  tas.k should a I 
cos t /benef i  t ana lys i s  f o r  a mobi le,  f a c i l i t y  compared t o  a ' . . . , I 
f a c i l i t y  assembled a t  the  s i t e  where . . i t i s  t o  be used. 

. .  . .  
. . . . " i 

. !  

i 
1 
I 
I 



. . . . . . 
. .  . A recovery b u i l d i n g  i s  being designed b y  ~ e c t e 1 : ' ~ o r p .  for use i n  ' ,  . . 

. . .  . . . 
. . . .  

t h e  recovery o f  t h e  containment b ; i ld ing ' ,a t  . ..  Three M i l e  I s l a n d .  ,,The DOE- .... . . . .  . .. .. 
. . 

. .. . . . .  . . .. . 

GPU sponsored decontamination f a c i  1 i ' ty w i  11 . b e  housed. i n . t h i  s bui  1 d ing  . :, : -:.. 

. . ' .  . .  . ., . . . . 
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DECOHTAFII NATION T E C H N I ~ E S  TO BE EVALUATED AND COMPARED 



ANODE 
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STAINLESS STEEL 

STAINLESS 

PART TO BE DECONTAMINATED 

FIGURE 1.  Schematic Drawing o f  the Type o f  E lec t ropo l i sh ing  
C e l l  Used t o  Decontaminate Metal Surfaces 

STEEL 

'FIGURE 2.  Re la t ionsh ip  o f  Current Density and C e l l  Voltage 
, for  E lec t ropo l i sh ing  Showing Optimum Operating 

Region - f o r  Electrochemical Decontamination . .... : . . . 



DISCUSSION 

E l  ec t ropo l  i s h i  nq Process 

E l e c t r o p o l i s h i n g  i s  an e lect rochemical  process used i n  bo th  l a b -  

o r a t o r y  and i n d u s t r i a l  appl  i c a t i o n s  ' t o  produce a  smooth, po l  i shed  

sur face on a  v a r i e t y  o f  meta ls  and a l l o y s .  Studies have shown t h a t  

e l e c t r o p o l i s h i n g  i s  a  v e r s a t i l e ,  rapid,  and e f f e c t i v e  decon'tamination 

technique f o r  r a d i o a c t i v e  m e t a l l i c  surfaces. I t s  v e r s a t i l i t y  has been 

i l l u s t r a t e d  by i t s  a b i l i t y  t o  decontaminate composit ions rang ing  from 

m i l d  s t e e l ,  copper, and aluminum t o  s t a i n l e s s  s t e e l  and h i g h l y  a l l oyed ,  

cor ros ion-  and h e a t - r e s i s t a n t  ma te r i a l s .  E l e c t r o p o l i s h i n g  can a l s o  be 

used t o  decontaminate, w i t h o u t  p r i o r  disassembly, r e l a t i v e l y  complex 

components' and shapes, i n c l u d i n g  assemblies w i t h  moving pa r t s .  Spec ia l  

e lec t rodes can be used as requ i red  f o r  t he  i n  s i t u  e l e c t r o p o l i s h i n g  o f  

o b j e c t s  t-hat-.sannot be accommodated i n  an e l e c t r o l i t i c  c e l l .  Moreover, 
- .  

e l e c t r o p o l i s h i n g  i s  e f f e c t i v e  f o r  a  v a r i e t y  o f  rad ionuc l  i des  i n c l u d i n g  

plutonium, uranium, radium, . . .  i o b a l  . .  t;' . s t ron t ium,  cesium, and americium and. 
. . . . .  . > , , . , . . . . 

f o r  contami.nation t h a t  i s  baked-on, ground-in, o r  otherwise d i f f i c u l t  . . 
t o  " ' .  

. . . . 

remove us ing  convent ional  decontami . . nqt ion:  .- . procedures. 
. . 

E l e c t r o p o ' l i s h i n g  i s  a n  i n t r i n s i c a l l y  simple pro.cess.wi  t h  no mgving . . , . .. . . . 
. .  . .  . . . . . . . ,  : 

. . 
. . . . 

p a r t s  except as kequi.rea f i r  c i r c u l a t i o n o r  a g i t a t i o n o f  the  e l kc t fo - ,  . . . . ,. ':. 

. . 

l y t e .  Thus', i t i $ '.ami&bl e  , tb  remote b p i r a t i  on ' and mechani z a t i o r i  t o . '  
. . 

- .  . . 
. . 

f u r t h e r  minimize :personnel expoiure: ~ x p e k i e n c e  a1 so h a s  shown. t h a t  t h e .  : . ': I 
! 

. . . .  . . 

smooth surfaCe.s produced by  e l e c t r o p o l ~ i s h i n g  are  much eas ie r  t o  c lean 
. . 

.: . . 
us ing  standard d&coht$mjnat io"  techniques than metal sur faces w i t h a .  . 

. . . . .  . . . . . 
. . . . . .. . 1 . . .  normal a.s,-recei.ved tf i 'ni  sh. .. . . . . .. . _ .  . . . .. . . .. . . . . 

. .  . . .  . 
. . . . .  

. . 



C 

The o b j e c t  t o ' b e  e l e c t r o p o l i s h e d  serves as the  anode i n  an e l e c t r o -  

l y t i c  c e l l .  The passage o f  e l e c t r i c  c u r r e n t  r e s u l t s  i n  the  anodic 
4 

d i s s o l u t i o n  o f  t he  sur face m a t e r i a l  and, under proper  ope ra t i ng  con- 

d i t i o n s ,  a  p rogress ive  smoothing o f  the  sur face.  Any r a d i o a c t i v e  con- 

t am ina t i on  on t h e  sur face or 'en t rapped w i t h i n  sur face imper fec t ions  i s  

removed and re leased i n t o  the  e l e c t r o l y t e  by the  sur face d i s s o l u t i o n  I 
process. The amount o f  metal  removed f rom the  component sur face t o  I 
e f f e c t  decontaminat ion i s  u s u a l l y  1ess . than 0.002 i n .  and i s  removed I 
u n i f o r m l y  w i t h  no p r e f e r e n t i a l  a t t a c k  o f  g r a i n  boundaries o r  o t h e r  

m i c r o s t r u c t u r a l  fea tures .  I n  f a c t ,  the sur face produced by e l e c t r o -  

p o l i s h i n g  u s u a l l y  has b e t t e r  co r ros ion  res i s tance  and o t h e r  p r o p e r t i e s  

than d i d  the  o r i g i n a l  surface. 

Phosphoric a c i d  i s  used'as t h e  e l e c t r o l y t e  and i s  used because o f  

i t s  s t a b i l i t y ,  sa fe ty ,  and a p p l i c a b i l i t y  t o  a  number o f  a l l o y  systems. I 
-5 : 

I n  a d d i t i o n ,  t he  hygroscopic nature,  of phosphoric a c i d  he1 ps min imize 
. .  . . . . .  . 

a i r b o r n e  contaminat ion and the good. complexing cha ra .c te r i s t i cs  o f  . . . . .  . . . . . . . .  . 
. . . .  . . . . .  . . 

phosphoric a c i d  f o r  metal  ions  may.: . bi . .  a  s i g h j f i i i n t ' f i c t o r  i n  m in im iz ing  . : . . 

. . . . '  

recontaminat ion  from the e l e c t r o l y t e ;  Other ac ids  and chemicals can. be . .'.. . . 

. . .  

2?Ced t o  the  phosphor\ic a,cid as requ i red '  . . t oenhance  sur face p a s s i v i t j , .  
. . 

. . 
. . 

i nc rease br ightness,  o r  promote s>udging: . ' . '  . ,. . . . . . 
. . 

.. . 
An e l e c t r o l y t e  based on sodium i~i t . ~ a t . e  has b&endeve loped f o r .  the .  . . 

. . 

e l e c t r o c l e a n i n g  o f  h i g h l y  r a d i o a c t i v e  . .  . sur faces.  The advantage o f  th. is . 
. . ,  . . . 

. . 
'. .:. . . . . . 

. . .. . 

e l e c t r o l y t e  i s  t h a t  the removed ' ton taminat ion  and d i sso l ved  metals  . . . . 
. . .  . . . . 

. .  . . .  . . . . 
. .  , 

immediate ly  fo rm a p r e c i p i t a t e  which can bc has i l y :  separated f r om t h e . ' .  ,.. . . . . 
. . . . . . 

. . .. . . ., ' ... . .  . 
. . l i q u i d .  Th i s  bas ic  e lec t ro l . j t 6 ;w i ; l i '  be used f o r  t h e  i n i t i a l  deign-.'. . . . .. . 

. . . . 

t a m i n a t i o n  o f  components which > r e .  h i g h l y  contaminated.  



IN SITU DECONTAMINATION TECHNIQUES 

CONTACT I N  S I T U  

PUMPED STREAM 

. . .  

BRUSH 

I N T E R N A L  CATHODE 

. . . . . . . . . . . . . .  
. . 

. . . .  . . .  
. . .  . . . .  ; ' . . . . . . . .  .... Discussion . . . . _  . ., . : . .  . .  

. . 

. . 
In s i t u  electropolishing techniques are  under development fo r  u s e . .  . . . .  . . . .  

. . . :  . . .  . . . . . , . - .  . .  . . 
in decontaminating large tanks, the in t e r io r  o,f long pipes,.pool . walls; . . . 

. , ' ,' . 
; 

. . . .  . ., . . . . .  

and other contaminated surfaces that  e i the r  cannot be transported . . ' t o ' o r "  . . : . . .  ' . 
. . 

. . 

immersed in a conventional electropolishing c e l l .  In s i tu techniques  . , . . . .  : 
. . 

. . 
-hould have many applications iri decontaminating valves-, pumps, pipi,ng, . . ' . . .  

. . 
. . 

- .  
. . . . .  pool walls, and other components of TMI #2 and other operaii,,ng nuclear . . . .: . . .: 

. . . . industry f a c i l i t i e s  : t o  reduce radiation exposure a'nd f a c i l i t a t e .  . . ha.irit&- . . . . .  :, . 
. . . . . . . .  . . 

. . 
ance and inspection operations. . . .  . . . . . . . .  . . . .  _ _  . . 

. . 
. . . .  

. . . .  . _  : .  . . . . .  . . . .  . . . . . .  . . . . 
. . .  . . . . . .  , .  . - .  . . .  . . 



CONTACT TECHNIQUE 

SEAL 
n , /  

METAL SURFACE - 
TO BE 
DECONTAMINATED 

41 (-1 PUMP 
ELECTROLYTE I "MovEMENT I ,  

I RESERVOIR --  
1 1 0-10 VDC I 

POWER SUPPLY 

FEATURES: 

DEGONTAMINATE PLANAR SURFACES 

COMPLETE CONTAINMENT OF ELECTROLYTE 

USEFUL FOR LARGE AREAS 



PUMPED STREAM TECHNIQUE 

CATHODE INSULATING HANDLE 

METAL SURFACE 
TO BE 
DECONTAMINATED 

ELECTROLYTE PUMP 
RESERVOIR 

FEATURES: 

DECONTAMINATE IRREGULAR SURFACES WITHOUT CONTACT 

PORTABLE SYSTEM IDEAL FOR FIELD APPLICATIONS 

SPOT DECONTAMI~ATION 

.EXIBLE HOSE 



BRUSH TECHNIQUE 
POROUS 
INSULATOR 

CATHODE 
I 

INSULATING HANDLE 
I 

-- 

ELECTROLYTE 
RESERVOIR 

METAL SURFACE 
TO BE 
DECONTAMINAT 

-. 

PUMP 

FEATURES: 

PRECLEANING 

SPQT DECONTAM~NATION 



INTERNAL CATHODE TECHNIQUE 
$&; I. - - - -;'hi L -A7 ycn<:+& & - trn '- 

( * ;JLri-.,::--E:&d ma-  T -**'\--+- .. . 
METAL SURFACE TO BE 
DECONTAMINATED 
/ 

DRAIN / 
AND VENT 

/ \ MOVEABLE 
CATHODE INSULATOR 

ELECTROLYTE PUMP 
RESERVOIR 

SEAL 

FEATURES: 

DECONTAMINATE INTERNAL SURFACES OF PIPE 

* DECONTAMINATE LONG LENGTHS 

DECONTAMINATE CURVED SECTIONS 



Schematic of  t h e  N-Reactor Corrosion T e s t  Loop 
w i t h  E l e c t r o p o l i s h i n g  Equipment I n s t a l l e d  



Discussion 

Specia l  e l e c t r o p o l  i shing techniques have been developed f o r  t he  i n  

s i t u  decontaminat ion o f  t he  ins4de o f  l ong  pipes. This  impor tan t  

app l  i c a t i o n  o f  i n  s i  t u  e l  ec t ropo l  i shing techniques was demonstrated on 

t h e  co r ros ion  t e s t  loop a t  the  Hanford N-Reactor i n  a  t e s t  sponsored by 

Un i ted  Nuclear I n d u s t r i e s ,  Inc.  

The c o r r o s i o n . t e s t  loop, which had been i n  con tac t  w i t h  the  pr imary  

c o o l a n t  f o r  approximate ly  15 yr, i s  a  20 - f t - l ong  s e c t i o n  o f  2.7-in.-I.D. 

s t e e l  pipe. The i n s i d e  of  t h i s  p ipe  was e l e c t r o p o l i s h e d  2  f t  a t  a  t ime 

u s i n g  a  movable cathode t h a t  cons is ted  o f  a  2 - f t - l ong ,  1-7/8-in.-O.D., 

s t a i n l e s s  s t e e l  p ipe  w i t h  ny lon  i n s u l a t o r s  a t  each end. .The e l e c t r o l y t e  . 

was pumped through the cathode i n t o  the  pipe, which was i s o l a t e d  f rom 

t h e  p r imary .coo lan t  system by valves, and re tu rned  t o  the ex te rna l  

e l e c t r o l y t e  r e s e r v i o r  through a  d r a i n  l i n e  a t  each end o f  the  loop,  the 

o l e c t r o l y t e  was supp l i ed  t o  the  cathode through a  2 0 - f t - l o n g  PVC p i p e  

t h a t  a1 so served to'move the  cathode and, i n  add i t i on ,  conta ined the  

. .  
' 

e ! e c t r i c a l  cab le  t o  the  cathode. : A  s t a n d a r d r e a c t o r  process tube end 
. . 

cap was mod i f i ed  t o  a l l o w .  f ree o f  the  p l a s t i c  p ipe  w h i l e  ensur ing  

containment o f  the  e l e c t r o l y t e .  

Each 2 1 f t  s e c t i o n  o f  p ipe  was e l e c t r o p o l  is.hed f o r  20 min a t  a  
. . . . . . 2  

. . 
c u r r e h t  of  approximately 100 A / f t  ... The hydrogen generated by the  

e l e c t r o b o l i s h i n g  brocess was f l ushed  o u t  o f  the  p i p e  by the  c i r c u l a t i n g  

( 4  gal /min)  e l e c t r o l y t e  and was vented f rom the  ex te rna l  e l e c t r o l y t e  

r e s e r v i o r .  The measured hydrogen l e v e l  i n  the  work ing area was always 

. . . we1 1  b'klow a  hazardous concent ra t ion .  A t  the conc lus ion  o f  the  e l e c t r o -  



p o l i s h i n g  runs, t he  e l e c t r o l y t e  was removed and the  p ipe  r i n s e d  by 

pumping water through it. The l i m i t e d  t e s t  t ime d i d  n o t  permi t a  more 

adequate i n t e r n a l  spray r i n s e .  

The r a d i a t i o n  l e v e l s  i n s i d e  the  p ipe  be fore  and a f t e r  e l e c t r o -  
.. . 

p o l  i s h i n g  were measured a t  1 - f t  i n t e r v a l s  us ing  a  ~ e i ~ e r - ~ u e l  l e r  tube. 

The e l e c t r o p o l i s h i n g  t reatment  reduced the  average r a d i a t i o n  l e v e l s  i n  

t h e  l e s s  contaminated p o r t i o n  o f  the p ipe  by about 4 R/hr. The readings 

near  p ipe  f i t t i n g s ,  where pockets o f  contaminat ion had co l l ec ted ,  were 

reduced by more than 40 R/hr. E l e c t r o l y t e  c o n t a i n i n g  co r ros ion  i n h i b i t o r s  

was used t o  minimize co r ros ion  - o f  the  p ipe  by the  phosphoric ac id .  

U l t r a s o n i c  w a l l  th ickness  measurements and pressure t e s t s  a t  t he  con- I 
I 
I 

c l u s i o n  o f  the  decontaminat ion study v e r i f i e d  the  i n t e g r i t y . o f  t he  p i p e  - ,  ' i 
i 

and pe rm i t t ed  i t s  r e t u r n  t o  serv ice.  I 

I 



BARREL ELECTROPOL~SHING 

STAINLESS 

ELECTROLYTE 7 
.. / \ 

PARTS TO BE ROTATING PERFORATED 
DECONTAMINATED BARREL 

(LOW ERROSION METAL) 
TI OR TA *. . 

FEATURES: 

RACKING OF INDIVIDUAL PARTS ELIMINATED 

REDUCES PROCESSING EXPENSES AND OPERATOR EXPOSURE 



VIBRATORY FINISHING AS A DECONTAMINATION TECHNIQUE 

C A P A B L E  OF REMOVING GROSS CONTAMINATION 

*PRODUCES SURFACES THAT ARE NONSMEARABLE AND I D E A L  FOR 

SUBSEQUENT REUSE OR F I N A L  DECONTAMINATION BY ELECTROPOLISHING 

*CAPABLE OF DECONTAMINATING SELECTED NONMETALLICS SUCH AS 

HARD RUBBER AND P L A S T I C  

* U S E S  METALLIC MEDIA THAT PRODUCE ALMOST NO SECONDARY WASTE 
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To Separator 

Tank 

- Maste Processing f o r  Vibratory Finishing Process * 



A f t e r  

Example o f  Vibratory Finished Components 

Before 





, Discussion 

High Pressure Freon Tool Decontamination System 

The High Pressure Freon Tool Decontamination u n i t  consists of a 

cleaning vessel where high pressure freon is sprayed i n  copious quan- 

t i t i e s  on the contaminated work for  a pre-selected time cycle. The used 

freon along w i t h  the removeable radioactive surface contamination and 

grease is  f i l t e red  and d i s t i l l ed  prior  t o  recycle. Only fixed radio- 

act ive contamination will remain. T h i s  u n i t  is capable of cleaning 

tools, respirators, Scott Air pack harnesses, television cables, a i r  

supply hoses, wrenches, hammers, motors - dr i l l  and small tools, elec- 

t r i ca l  cords, nylong slings and any other small object that  can f i t  i n  

the 2 x 3 x 2 f t  work space. I 

T h i s  decontamination system can also be equiped w i t h  accessories 

that  can clean e lect r ic  motors i n  place, (while operating), electrical 

cable trays, and may be used as a source 'of rinse solvent for  a vibratory 

finisher. - 
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Discussion 

' 
Cent r i fuge 

The separator  u n i t  w i l l  be used t o  t r e a t  l i q u i d  wastes f rom the  

Basic E lec t ropo l  i s h i n g  Tanks and V ib ra to ry  F i n i s h e r  c ~ n t a i n i n ~ g  l a r g e  

volumes o f  suspended s o l  i ds .  The so l  i d  phase w i l l  be separated f rom the  

l i q u i d  phase by  c e n t r i f u g a t i o n  and sent  t o  the  s o l i d i f i e r  f o r  f i n a l  

processing. The l i q u i d  phase w i l l  be s to red f o r  reuse. The separa tor  

system w i l l  c o n s i s t  o f  t h e  separator  u n i t ,  separator  feed tank and 

processed l i q u i d  s to rage tank. The system w i l l  be housed i n  a  sh ie lded  

. containment enclosure. 
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Discussion . 

Acid P u r i f i e r  - ECO TEC 

The ECO TEC i s  an ac id absorption p u r i f i c a t i o n  process. The spent 

phosphoric acid i s  forced through a column containing a propr ie tary i on  

exchange resin. The phosphoric ac id i s  p re fe ren t i a l l y  adsorbed, al lowing 

the dissolved impur i t ies t o  pass through the column. The p u r i f i e d  ac id  

i s  then recovered by using water as the elutant. The solut ion containing 

the impur i t ies i s  then s o l i d i f i e d  i n  the s o l i d i f i e r .  The ECO TEC system 

i s  composed of the -acid pur i f i ca t ion  uni t ,  -a  feed tank and an ac id 

storage tank. The system i s  housed i n  a shielded containment enclosure. 
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D i  scussion 

! 

S o l i d i f i e r  

The s o l i d i f i e r  u n i t  w i l l  complete s o l i d i f i c a t i o n  o f  wastes pro- 

cessed by other un i t s  o f  the waste treatment f a c i l i t y .  The waste w i l l  

be mixed w i th  a s o l i d i f y i n g  agent and placed i n  a steel  drum for f i na l  

curing. Any l i q u i d  removed during the process w i l l  be processed i n  the 

evaporator. The sol i d i f i e r  system w i l l  consist o f  the s o l i d i f y i n g  u n i t  

and a feed tank. The system w i  11 be housed i n  a shielded containment 

enclosure. 






