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Abstract 

W s  report describes the decontamttnation of' O a k  Bidga 

National Labo-rBtory Purex P i l o t  F'Xant faci l i t ies  and  present^ 

an appraisal of the deconttmimting tecbniques and reagents 

which were emgloged. 
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Pi lo t  P l a n t  faeUitiee was under- 

of runs In which slugs imadiatad 

rate of 75 kg. uf mmiu per 





S v  Decoxrtamination R e s u l t s  

Y 

* CeU Beadings were taken 4 feet  above the floor and 6 feet 
Znsiae the  cel l  doorway, 
%he laaxjimuzn 2 ~ v e b  encomtered 4 feet abom floor Level by 
persome1 moving through %he p a z c t i d m  area. 

The &her area ac t iv i t ies  represent 

A mixture af 3 per milt by w e i g h t  hydxofluorlc acid asld 20 per cent 

by M@& A * l c  

m a t  for stainles~; steel (type8 347 and 309 (3). 

as effective aa LO per cent nitric, c i t r i c  or oxalic acid, and 10 times 

superior to ver~ene, caustic, or periodic acid. T ~ Q  reagent fnst;ber prmea 

m3.u.able i n  attacking %e Last 3-10 per cent of act ivi ty  011 cozltaaiaLatea equip- 

ment where the other chemicals were ineffective. 

m i &  (3-20 rea,gent) was found to be the best d~contarrti- 

1% was approxirmte5y twice 

S E C m  
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Altha# hydrochloric acid exhibited a decontmbatfrq a b i l i t y  equal to 

hFdrofhmrie acid, it was used i n  1Snited quanttty because of" intergranular 

corrosion 09 stainless s tea l  by the chloride ion. 

s t i c  wa6 p & i t a l ~  controlled by the u8e 09 an organlc corrosion irzbibitor. 

This obJectionable characteri- 

Not enough was known about the reliability of the inhibitor, hmeveTI to Juati- 

fy m e  general use of hydrochloric acid. 

The corrision rate of 3-20 reagent toward s t a w e s s  BteeL  is less than 0~06 

mils/hr. at 

stainless steel or equivalent] which res2 see6 other d e c o n t e n t s .  

ment technfqaes accordingly were modified t o  avofd reagent punzpiag and 

minlsnize the exposure of pipe lines t o  the solution, 

C3 however, it d id  attack weld flaws and pump paJ-ts(not 18-8 

Column treat- 

Cell I tanks were decmtaainated w i t h  one-half of %he volume of solution 

required for the tanks in other cells. 

system b u i l t  in to  the Cell I tanks which provfited an effieient means for 

b r - a  decontaminating solutions into corrt;ac.t with hternal. surfaces 

This was mile possible by a spray 

Stainless steel liners which had been installed over concrete ce l l  

floors and portions of cell walls great3.3 facilitated decontamirtil;ion work" 

The l iners  prevented contact with and penetration into the c~nc re t e  by radio- 

active solutions. 

The future! use of 3-20 reagent wherever posslble and application of the 

best decontaminating techniques within the limits of the present eguipmmt 

shou3-d permjit a 

plant equipment 

percent sav5ngs 

reduc%fon in time required for  decontamination of this p i lo t  

frm 75 t o  38 days wi%h conanensmate labor savings and a 20 

of chemical c w t .  



3.0 Decontamimticm Procedures 

The decorA&mt%on work proceeded f r o m  C e l 3  337 to @ell 1) in t h t  order, 

w i t h  clean-up of other areas accomp9lshed as manpower avaibbiillty permitted. 

Work in several cells UBB carried on simuXtztneouf3Ly, the f i d  ~Laan-up In 

each being coordim-ted w i t h  the conversion schedzale. Parkfmlax care was 0%- 
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Tn C e l l  IV, the Acid. Recovery Unit were cont&nat;ad by ami- 

df?ntal discharge of hot deconbm2neL.t;- solution fk0m the fission product 

evaporator (33-1) trrto the dfstfl latlon column and other tanks im the eeS1, 

A 61'uTvey made immdiate3.y after this occurresee showed, a&ivitiea% Lo be 600 

R b .  in the evaporator, 65 R/hx. in E-&, the reboiler9md 30 isl E-8 

catch tank.. P r io r  t o  this disdmrge, Cell IV act ivi ty  was confined t o  the 

evaporator. 

!T!ank deconttunixlation was accomplishedby washing interml swfawa 

w i t h  chemical solutisns t o  remve cantamlnating ions. Generally l;h@se 

soltltfons =re introduced *om th8 Operatbg Gallery though  regular so~utioa 

addition lines. 

possible by passing o m  wash through several tanka in ssries. 

1hitation.a to the eca&es that could be obtained by t h i s  mans; a32 .tanks 

in any one c e l l  w e r e  not inter-connected. In Cell  ET for hst.arice, m e  group 

Econ&es in the qwn%i.tfes of chemicals squired were mde 

There wsm 

of four tanks could be washed in serlea, all others were comectea cm2.y to 

the waste catch %a& and had to be washed individuaUy. 

Heat was applied to the t m k e  con%s.-ining decmtmnfnal5ng sslu-blom 

by means of stem jackets or  steam spargem. 

nore than 1 per cent hydrofluoric acid, temperatures were not. raised, &ove 60 

@here the s o l a t i m  contaked 

0 

C in order t o  avoid excessive carnosion. 
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highly cOfft;-ted. 

this vessel requSred the application of heat (up t o  I0!jo C) for  e&exllte;d 

periods of‘ %&e &ich m y  have had the effect of causing the conta;m2x3a-t;iw Sons 

t o  adhere more temcfously. Ilecontaslninants were run into the dissolver (A-1) 

from t h e  solu%hn mke-up tank (C-17) t h r o w  the dissolver off-gas pipe and 

entrainment separator. 

f i l l  the tank for ea& wash t o  insure clean-up a t  the top. 

remained at the conclusion of the progratn aeapite tritensiw effoPt8 to eliminate 

them. 

ground in %.he region of the dfssolver but were not shielded sfnca they did no% 

interfere yith ce l l  conversion. 

The out le t  from A - l l ,  f i l t e r  tank, 

In  addition, the iHssolving operatians carried out Zn 

Since A-l d i d  not have a spray, it m8 necessary t o  

Hot spots at welds 

These localized hot  area^ contributed si&Picantly to sadiat ion back- 

short length of 3-1/2 inch pipe, 

did not respond to any solution splayed. Intense activity was apparently 

held up i n  weld flaws at either end of t h i s  pipe. Lead shielding L-1/2 inches 

thick lowered a p p r e s t  radiation fro= this source t o  a point which  pemxLtte6 

Etdeqmte working time for corn;pbtion o f  the minor amunt of pipefi t t ing pro- 

pmed for  t h i s  cell loeation, ThiB shield% was plmmea for easy remmal so 

that it would not provide a possible p o h t  for activ2iy hold-up auring mb- 

sequent hot operation of CeU I. 

Because of leaking welds, €t was necessary to cut off exterfor piping 

f2xm the fission product evapurator (E-1) Cell 

had seeped 532to and through weld fissures; it could not be remved either by 

internal or external washing of the tanlr. Since & s q e s  were planned, .this 

piping aad the associated tank flange connections were remom3 and discarded. 

Considerable contfminatiosf 

S B C m  
smTx  ~~~~~~~ 
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The Cell fg reboiler (E-4) was rammed i n  order to retrieve corrosion 

seLmples which laad been exposed. in it. 

10 B / b .  level of contaneiwtim. 

Thls tm&,at tihe t i m e  of rmcwalphad a 

It was unbolted from the c o l m  and mmoved 

f r a t h e  cell. 

separately and the ac t iv i ty  bro@t down to a level which wau2Ld nat htwger re- 

Lnstallation or give miplleading result8 

process. For this particular vessel, h y d r 0 G h l U r i C  acid inhibited with a 

petroleum Ber&vative (trade =me "Acry l " )  was used aB the d e c 0 n t ; m t .  

%tails are given in  Section 4.4. 

3.2 Column Decontax&mtion 

Corrosion saqples were renoved and the tank was then treatad 

usea agalu in  the act6 recwer'y 

Citric, n i t r i c  and periodic acitas were used for  the psel€nfnaxy treat- 

ment of all columns in Cells I and 11. me solutiorz were fed from process 

head tankp; through head pwnps to the columns. 

Later in the program 2t be- apparent IAaf A, 3 and C eolurmtl de- 

co&aminat9on was mt proceeding at a satidactmy rate. 

from 0 .3  per cent t o  1.0 per cent hydrofluoric acid were then enghycd, but 

Solutians cszxbaining 

col.wms was abandoned in favor of delivarm solutions t h r o e  sampler sucticsl 

l ines  which origi.na,ted at  the top of t h e  colmms and terminated at roof sam- 

plers. A 3 per cent hydrofluorfc - 20 per cent nitric acid m i x t u ~ e  was used 

as  the ava i lab i l i ty  of hydrofluoric pamxttted. So;ttri;lons were added to the 

the columns were then rimed and again diactzarged. 
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Activity retention in  column flanged connection8 proved troublesome 

and it was necessaxy t o  w e  lead t o  sh ie ld  a column hot spot that did not yieLd 

t o  chemical treatment. '919ne box brzilt m t o  the bottom of C cal.\anm continued t o  

enlit radiation st a level  09 10 R / h r .  Ebf'ter the vertical ex%raction sections 

were w e l l  cleaned. Heavy layers of lead were placed mound this box as 8 

temporary protection. 

The d i s t i l l a t i o n  column fn Cell IV had become highly coxxtcunizlaeed 

{65 R/hr.)  as  the resulk of accidental diecharge of act ivi ty  from the 

the column with 10 per cent c i t r i c  and 10 pes cent nf t r ic  acid solutions, 

reagents prwed ineffectiye; 5 per cent n i t r i c  - 0.3 per cent hy&ofXuoric acid 

was then employed. This opened a weld a t  the base of %he column forcLng aband- 

onmefllt of column treatment. 

200 mr./hr. 

part of the cell.. 

%aae 

Activi ty  levels &a.d been reduced t o  an average of 

m s  was adequate since no mainteaanee work was plarrned fo r  this 

3.3 pump Decont&tian 

Cerrtrifugal primps uses t o  transfer both solvent and. dispbcemnt 

They were partially cleaned by c-Sreula%Ftng fluid had became contaminated. 

washes through the impeller &mber. 

dismantle and perform a piece-by-piece decontamiaatica? i n  orcZer t o  ge% a% 

ac.t%vity retainea in  packing and close-fLtting p a t s .  

For a thorough job it wa8 necessary t;o 

A l l  sanpfe-taking assealies associated w i % h  h& tanks (35: stream 

required. extensive decontamimtion. 'fabX.e If: gives radfation levels before 

anrt af'ter treatment I 
S E C m  
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Sampler Decontaminat ion Results 

A - 1  
A-4 
A - l 2  
A-13 
A-17 
3-12 

Locat ion 

Roof 
I1 

It 

11 

tt 

$1 

rt 

E-1 B-13 I Pipe tunnel 

Feed adJwtmnt tank 
Filter wash catch tank 
Fission noduet catch t 
Fission product slowinc; 
stream - A Colmm 
Uranium &ream - A c 
Fission product emp 

!Phe samplers were cleaned by Bismantlhg and swabbhg all exposed awfaces 

w i t h  concentrated n i t r i c  acid. Three treatments using this techfqxle reduced 

i n t e r n 1  act ivi t les  to the levels noted. These levels were coxmidwed. 

adeqwte since the cmtamina€ion was within the sampler sh ie lds  and w&.S1 

g e m i t  the taking of samples without operator over-exposure. 

f ram tanks to roof' were effectively decontminated %n the Course of t;;azkizig 

SaqSer  l b e s  

the considerable nmiber of samples required for the! prograa of r-wgem 

evaluation. 

the Pipe Tunnel ha4 failed t o  operate during the l a t t e r  period of the Cell 

Tv operatian; circulation 03' solntion f r o m  E-1 through thfs omples was azo'c 

possible. 

nate it pZece by piece, 

The E-l sanrpler parts locatea in Cell Sg but accees%bPe f r o m  

It was necessary t o  cut the sampler assembly foose ana decon-tw- 
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3.5 Decont&tion of Pfpe Lines 

Most of the pipe lines were cleaned adequately in %ha process of 

jet, presmre discharge, or overflaw lines. 

treatmnt. Thfs was done by filling the llnes for a &orb t b e  w i t h  3 per 

cent hydrofluoric - 20 per cent Mtr ic  acid decontamh.ant;, &ischarging the 

solution and rinsfng w i t h  water. Whsre this technique was unsuccessfrrZ 83x1 

Some lines axx3ed MOYI inteasfve 

could not be applied, the l ine was suitably- shielded or rewved. 

3.6 Decontamination of Fittznga (Jets, Valves, Flanges) 

This type of" equipment frequently proved d i f f f cu i t  to c2eccnt;amimt;e 

in place. The narrow i n t e s d  c1eara;nces favored activity retention which 

wa8 particularly hard to rezwve wtth reagexh. 

frolt3. the cells and disassembbd for cXean-up. 

Several fe%s had t o  bs removed 

Wherever possible, hot flrznge 

oannectiam were unbolted and the faces ana gaskets swabbed w i t h  corzeen%sated 

n i t r j c  acid to obtain a quick, effective decontamination. Valves wlrfch e ~ u l . 5  

not Be decontaminated i n  place with several internal washes had ta be re- 

moved an6 dPsasserni3led for effective %rea ten t  

3.7 Decon-bamiwtfon of Concrete and ElrterwL Stainless Steel Surfaces 

A 5 1  ce l l  floors and lower parts of the walls were lined at ~b previoas 

time wikh thin gauge stainless sheets to prevent absoqtfort of ac t iv i ty  s p i l l s  

into porous concrete. The removal of contamination frcm these staidess steel  

surfaces usually involyed washing w i t h  versene, c i t r i c  acia, dilute n i t r i c  

acfd  or scrubbing w5th a detergent;. 

tamination whfch was not tenaciously held. 

Such treatment sufficed to remove con- 

Stme hot spots were? f'oZlULiE which 



did  not readily wash off. 

were, guvtrbbed with hydrachlarie act4 and then rinsed. 

associated with welded joints, it was conaidwed undesfmble t o  employ 

hydrochloric or concantrated n i t r ic  acids a t  the risk of creating p%&ole, 

leaks in the f loor  cover-. 

partial dec~nttmia~~ttion. 

Those spots not associated with welded jointle 

Where hot spots were 

C L t r i c  acid or  versene waB used to give 

Exterior tank mrfaee contamination, whes nat concentraked at R 

welded Joint, was usually treated successfully with n i t r i c  acid swab and a 

noderate m n t  of rub-. 

remving c o n b m t i o n  frm very fine weld fissures. 

Mo effective teduxique wa~ Pmad far chemicaUy 

Several a z - 8 ~ ~  of unprotected concrete f loor  had become badly con- 

tmnLnated. The word instance involved the dissernPne3;tion over the West 

Gallery floor of a radioactive c i t r i c  acid solu%ion. Chermlcal t rea tmnt  w i t h  

caustfc and intensive scru%bing wfth PAX detergent subsequently reduced 

ac-tTvfty levels t o  a point tha t  workmen could get at the f loor  to remove a 

thin layer of concrete with air blasted ateel shot*. 

not remove sufficierrt activity to justify its use. 

necessary to use aJr hsllpaers t o  remove the top 2-3 inches of" concrete and b- 

bedded act ivi ty-  

solution was pr~rnptly cleaned up with onLy a trace of activtky being re- 

tained by the floor. 

which had been contacted by a penetrating (acidic) radioactive solution 

depended upon Qronptness of action. 

?%is shot bXa8tin.g did 

Plaall., it prmed 

In another imtance, a spil l  of slightly contaminated acid 

Apparently the aucceesfid. deccm.t&mtfon of concrete 

A92;er penetration had progressed the 

only recourse was to surface shie ld ing  or remval of the cont;&nated concrete. 

* Tbe "Vacubbster" w&8 used. !I&€$ unit shot-blasts, draws back dust 
arrd shot, exhausts fi1.tered air and recycles shot. 

S E C m  
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3.8 Entrainment Separator (A-5 and E-2) DecontEunina-t;ion 

The entrainment separator (A-5) which fZurctioned aEz a pmt  of the 

dissolving equipment in  C ~ U  I becane contaminated during use (500 mr/hr. at 

the  t h e  the c e l l  w a s  opened). 

through the off-gas system into the dissolver (A-1) passed through the 

separator and effected a partial decontamina.tion. 

accomplished by closing the separator t o  A - 1  drain valve and flooding the 

separator f5r one hour periods w i t h  3 per cent hyfkofluoric - 20 prcemt n i t r i c  

acid. 

version work the separator was disassembled and it was found that the inter ior  

parts had been reduced t o  an ac t iv i ty  level of about 25 mr./hr. 

Washes discharged f r m t h e  roof t&, C-17, 

Final decontamination was 

This wash procedure was folluwed three times. D u r i n g  subsequent con- 

When it becams possible t o  enter C e l l  IY for short periods of' 

time, the entrainment separator {X-2) positioned over and bolted t o  the 

evaporator was found t o  emit act ivi ty  of greater than 10 R / h r .  intensity. 

A f t e r  par t fs l  decontadmtion, the unit was unbolted by the use af long- 

handled tools and removed Prom the cel l .  

t o  have a spot emitting IO0 R,/hr. radiation. 

place by a heavy concrete beam. 

Upon remval. the separator w a s  found 

T h i B  had been shielded when Ln 

The presence of this high level rsdiation re- 

quired tha t  the unit be conveyed t o  a remote area and disassenbled with long- 

handled, tools. The parts were then cleaned inrli.vldual3.y. Contamination on 

same areas was not removed by nitric-hydrofluoric acid m;t;stuses; there 

appeared t o  be a covering film which prevented attack of the s teel .  

of nftric-hydrochloric acid readily etched the =tal and removed the con- 

A mixture 

.t;amination. 

general use. In t h i s  instance, the corsoaion was no% objectionable s b c e  

Such a powerfully corrosive reagent i s  not recornmentied for 

s- 
SECWITY INFORWTIOB 



these p&s were t o  be used i n  a way t h a t  W&B mt adversely affected by a 

slight loss of metal. 

3 - 9  Off-Gas Condenser Decontam3mhlon 

The off-gas condenser system positioned on the roof above CeEl I 

haa become contaraimtea w i t h  spots at valves and flalyjes reading in  excess 

of 10 R/hr. It was found possible t o  wash the internal piping and Charn33ers 

by cu t t i ng  in to  a lfne which had delivered water t o  a spray ring located la 

the top condensation & d e r .  

could be forced throuQ;h the spray ring into the condenses t o  flood the 

Comct fom were made so that chengcal. solaticma 

asaenibly. 

and replaced by water rinses. 

plete clean-up was not required. 

various points to a m a x i m  reading of 200 mr./hr. 

Solutions were held in  the system f o r  one hour, then discharged 

Since the area was partially shielded, com- 

Radfation was reduced from 10 B/hr. at 

4.0 Reagent Evaluatbn 

!The effectiveness of chemical reagents in the decoz?t&natim of s t a b -  

less steel equipnent was evaluated durfw the P i l o t  P l a t  clean-us. 

studies had t o  be fitted Fnto the p r o v  as the owmill  mhadule pemikted. 

Due t o  tine IimLtations it was not possible t o  aevelop a bS%d range of 

These 

i n  formation on optirmun reagent concatratjom, teaperatwe, contact times, 

pH ad. corrosion rates. TQ m e t  the requirements of the converseon schedulet 

it was frequently necessary t o  abandon the evaluation of a pa r t i cubr  carqpound, 

In addition to schedule restrictions,  availability and cost were also 

determining factors i n  defbLng the scope of a reagent aeUw. 

the cost of periodic acid was $28.20/1b. and only sma l l  mounts were available 

a t  the tfrmes needed. 

For instance, 

Its use on a scale ixmolving hzmdreds of pounds could have 

SECRET 
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been justified 00 by evidence of superior effectiveness. This evidence 

was not immediately forthcoming from the study and only  a small quantity 

(158 02.) was used. 

The progress of decontamination had to be followed clooely in order to 

determhe the results achieved by a particular reagent. 

emgloyed: 

mfntenance of equipment ac t iv i ty  level records a8 indicated by “cutie pie” 

surveys* 

Two techniques were 

sampling of washes prior t o  discharge for gross beta count and the 

Both techniques were subject to shortcomings. At t i m e s  tank and 

column samplers were taken out of service. 

existed betmen the radioactivity of a particular wash sample and the effective- 

ne58 of the reagent used. 

decontaminating effect of the washes used immediately prior *to the one saq led ,  

In addition, no direct correlation 

The beta count of the sample was affected by t h e  

Analytical results therefore showed only a general trend. 

ments were useful within limlts; during the initial periods of Cell I and IV 

clmn-up the ce l l s  could not be entered t o  make surveys; as cell clean-up 

progressed-, act ivi ty  readings of particular piece6 of equipment were obscured 

Instmertt measure- 

f3-equently by background effects  

4.1 Reagents StuMed 

The 

1. 
2. 
3. 
4. 
5. 
6.  
7. 
8. 
9. 
10. 

following reagents were used in PZlot P l a t  studlee: 

Nitric Acid 
Eydrochloric Ac2d 
Hydraf luoric Acid 
Citric AcSd 
Oxalic Acid 
Perfodic Acid 
Potassium Periodate 
Ammonium Bif 1uorid.c 
Caw t ic 
Versene 
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The A-4 aecOntmrdnat9on fmmmry is psesanted in TabXe V I g  Appendix. 

Th%s ta& had contained feed solutions of beta ac t iv i t ies  whf& exceeded 

8 x lo9 counts/min/ml. Pre1imtmry feed adjwtmelrt;s were =de i n  %he t& 

~sual3.y a t b o u t  ZXIY applicatim of hmt. A t  the timie t%etX&-%ioa %rea*- 

ments were s tar ted  the act ivi ty  level  of A-4 

of 100-300 R / h r .  

of the tank was reduced to l 5 O  mr./hr. 

taining 0.3 Id c i t r i c  acid - 0.5 M hy&ochlorlc acid; it removed an vrmsual 

amount of c o n t a t i o n  as indicated by the solution sampl~3 anaXysls of 

estimAed, t o  be in the range 

A f t e r  a series 02 30 washes of various reagentsa, activity 

The second wash us& mp1 one con- 

2.5 x 10 7 beta counts/mia/rd., ExcepL f o r  the reboiler (E-k] no fur-kher u ~ e  of" 

hydrochloric acid was mde for tank decorrtasimtfcm because of the r i s k  of 

corrosion damage. 

n i t r i c  originated in the dissolver (A-3.) and. were passed t hough  A-4- enroute 

t o  the waste tank (A-8) ,  Despite the short resjdance tlm (90 m3.nutea) of 

the washes in A-4, the tank was browfat f r o m  an activity of 300 m./hr. to 

The last washes of 3 per cent hydrof3.uor2.e - 20 per cent 

150 EE./&. 

1% is int@rentbg to note that A-4 ax& B-40 were each washed 30 

t-s. A-4 was decontaminates fmm lOO-3OO R / h r .  to 130 m./hr-# while B-40 

was brought from &a act ivi ty  of 500 =./be to 50 mr./hF. 2n the same m&er 

of treatments. 

difference in mount af decan2mknation per wash. 

nmre hydrofluoric acid was used in the treatment of A-4 the31 13-40. 

was w e d  i n  decontaminatin& A-16; B-40 had f50 such facflity. 

!There are semraf factors which tmy exph2n i;hCj.s apparent 

Approximtely 70 per cent 

A spray 

Since B-40 had 

been used as EL b o i l d m  tank for  acidic solu%ions contahing activity,  am- 

ceivably the contamination was more tenaciously held than in A-4 which had 

been heated infrequently. SECRBT 
SErnITY momTIos91 
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placed in an i a o h t e d  area and f i u e d  with 22 lo 0.9 38 per cent h y & O C f l O S i C  

acid and 500 ml. of "Acryl" inhibitor. 

a t  frequent W e r d s  for mxiLysis of iron content? gross beta and. ~ r o m  

gamma activi%ies. 

Samgles of' the solution ware taken 

Curves of beta and g- count vs. exposure t i m e  (Figares 

BIII VIII) indicate that all d o c o n t e t i o n  by the solution apparently 

occurred w i t h b t h e  first 15 minutes of treatment. Corrosion, a s  indicated 

by iron content of the samples, continued at a fair3.y cons%n,nt rate 6wing 

the period of expome (Figure TI). 

contanination with Least corrosion can be obtained by lirmzithg hydrochloric 

It may be concluded that max&um de- 

acid-stalsiless s t e e l  (Type 347) contact tine t o  30 & t e s .  

hydrochloric acid reduced tank act ivi ty  Tntermlly from 500 m./hr. Lo 

200 mr./hr; the residml ac t iv i ty  w&s appare'lrtly bmiea %n weld i-isaures which 

could not be reached by the reagent. 

The inbi'oitcd 

No further use was =de of inhibiked hydmchlorlc acid f o r  general 

equipment clean-up Because of inadequate knowledge concemng the long-mage 

performance of the inhi%itor. 

4.4 conclusions 

!The mixture of 3 pes cent hydrofluoric 

cent n i t r i c  acid (by Weight) was found to be a promising reagent; it de- 

contaminated rapidly w3thout excessive corrosion of stainless steel equip- 

ment. The l imited suppXy of hydrofluoric acid. prevented its mole axtensi..ire 

w e .  

succeasf'ul decoatxmiaation of the P i l o t  Plant to t h e  reported low ac'tiv5ty 

The quantities which could. be obtained were 1mgel.y responsible f o r  the 
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Nitric, c i t r i c  and oxalic acids &E: used in  these studies gave approximately 

equal decontamination results. The conditions of application fo r  each reagent 

Were not necessarily optimum. However, they proved generally satisfactory f o r  

u6e during the early stages 09 t h i s  particular decontamlna-kion assfgament. 

acid was  preferred since it w a s  cheapest and most readily available. 

Nitric 

A s  the act ivi ty  level of a particular i t e m  of equipment was reduced 'by 

repeated treatment, the contamination became more d i f f icu l t  t o  remove. 

stage was  reached, more aggressive decontaminants were required. 

chJ.osic acid and hydrofluoric acid m e t  th i s  requirement. 

As this 

Both hydro- 

Except f o r  use in  

spot decontamination of exposed stainless s t ee l  surfaces, hydrochloric acid 

w a s  not acceptable becau6e of its corrosiveness. 

Best decontamination resul ts  were obtained with the 3 per cent hydrofluoric 

- 20 per cent n i t r i c  acid solution, although i ts  corrosiveness required that 

particular care be observed i n  i t s  use* The corrosion of sound stainless s t e e l  

was apparently not significant. However, faulty welds which had resisted 

concentrated n i t r i c  acid fa i led  quickly when eqosed t o  hydrofluoric acid 

concentrations of 0.3 per cent and greater. Mo tanks were thus affected but 

several s m a l l  diameter pipe l ines  had t o  be rewelded because of hydrofluoric 

attack a t  welds. This reagent should be used a t  room temperature (approximately 

2 5 O C )  heated, t o  minimize corrosive attack. 

Data indicated caustic and versene t o  be relat ively ineffective, The latter 

was used withwt attention to pH adjustment a,nd may consequently not have given 

optimum resul ts  a 

Potassium iodate and periodic acid Were used i n  very dilute  solutions less 

than 0.5 per cent - and did not give results, i n  l igh t  of their  high cost, 

wearranting further use f o r  general decontamination. 
SECRET 

SECUTU?IY INFORI4&TXOW 



SECIIEJ! -36- 
SECXJRITP ImOmTIOB 

Ammonium bifluoride in a t r i c  acid solution was used as a B O U T C ~  

fo r  hydrofluoric acid. 

tr ibuted t m r d  decont&na+tion. 

Them was no evidence tihat the anmnonium radical con-- 

PAX detergent found appltcation in  loosening superficial conkmination 

from staisllegsa steel c e l l  f loors  and concrete floors in  operating galleries and 

roof. It w m  not wed in tank and colwrrntreatment. 

Exkensive investigatfon was not made of optsSnrm contact ti= for  

the various reqgents. 

indicated tha t  a l l  decontamtmtion occurred within the f trst  15 minutes of ex- 

posure. 

the t o t a l t b e  required per wash could be reduced substantially over that  

specified for the recent dacontamlxation program ( 1  hour exposure). 

R e ~ u l t s  obtained w i t h  inhibited hydrochloric acid 

ConcefvabLy, the 8- would hold tme for 3-20 seagent mshes. If so, 

5 .O Decontamination Costs 

Decontamination involved the elrpenditure for chemicals of an est5mated 

$5400. !Be costs and quantities of the various items used were: 

TABLE I11 

Reagent Costs 

Amount Used Cost ($> 

Nitric acid (tech. and C.P.) 64,000 lbs. 3220 

EIplrochloric acid 522 lbs.  78 

3ydrofluorie a c i d  560 lbs. 690 

Citr ic  acid 216’5 i b s *  620 

Oxalic acid 100 lbs. 73 

Perliodic a c i d  158 Q Z .  



Chemical 

Annnonium bffluoride 

Caustic 

V e r  sene 

PAX detergent 

T o t a l  chemical cost 

~ m o u 3 l t  wea  

58 Ibs. 

1300 lbs.  

340 l b s .  

190 lbs .  

Cost ($1 

32 

30 

Approxbf3tely 6000 mri hours 02 operator Labor were required t o  handle 

I n  addition, charges for special mintenmce work the decontamination work. 

such as cutting and removing l i m e ,  removing and replacing j e t s  and mXves, 

loosenfng Manges, and welding coat an additional $2500 for labor and materials. 

Total direct costs were: 

Labor, 6000 man hours at $1.70 LO, 200 

P&i int  enance 

Tota l  

2,300 

$18,100 

!Fbe use of 3 per cent hydrofluoric - 20 per cent ni t r ic  acid solution 

wherevar possible for a decon tmwion  program c?ompasablle to the one noted 

above offers econoniiets of labor and ChemicaJ costs. 

present and future (usinks 3-20 reagent) decont-tfon labor and chemical 

Table IV shows estbat ied 

requirements . 

..... ....... ._ ........... ......................................................... . . . . .  
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15 

5 

5 
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60 

12 

5 

5 
82 

The tries of decorr twt ton  listed involve different clean-up techniques 

and are mt equally adapted to +&e use of 3-20 reagent. 

labor and chemical requiremats reflect considerations of safety, adaptability 

of technique, and resistance of mterial to be treated t o  hydrofluoric acid.  

3ased an the figur4s in Table I V J  direct cwts'of a f'uture decontmlmtion 

Estimates of future 

U S h g  3-20 rea,gent Exre thus est-ted t o  be: 

c h e m k & S  $4500 

Labor 5300 

Habtenance work 2500 

$12,300 

This represents a reduction of 32 per cent f r o m  the cos t  ($18,100) previous~y 

noted and a reduction fYom 75 t o  38 days time required to acco9qpSfsh the 

decontanimtio. In  addi t im,  substantial i n d l r e c t  savbgs w w l d  accrue frnm 

decreased Pilot Plant downtime during decontEL235fnatio.n. 
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!The advantage of hering E buil t - in  decontamination spray system, 

as in Cell I tanks, and the additional cost  of treating a tank of high 

act ivl ty  vs. one of l o w  act ivi ty  becme evident in an analysis of cost 

data for the treatment of the feed adjustment tank (A-4) and the C"0r boil -  

down tank (B-40)* These tanks were of 300 gallon and 237 gallon capacities 

respectively. Inf t ia l  A-4 act ivf ty  was 100 R/h r . ,  13-40 was 500 mr-/hr; A-4 

was equipped with an internal decontamination spray. 

A-4 treatment was 350 l i t e r s ;  for E-kC, &50 l i ters,  

The average mlume per 

TrnLSi: B 

A-4, 3-40 Actual Deconi;amlnation Cost S m y  

Chemicals Used 

165.00 

Hydrofluoric acid, tech*,  at $0.23/lb.* 100 23.00 60 13. So 

n i t r i c  Acid, tech., at $O.O3/Ib. 5000 150.00 5500 

Caustic, SO$? tank car, at $O.O2/lb. 240 4.80 700 14.00 

Periodic acid,  c.P., a t  @.76/02. 12(0z*) 21.00 

Potassium perlodate, C.P. at $0-93/oa. i6(0~.) 15.00 

Citric acid, C.P. at $0.28/lb. 40 11.20 40 11.20 

Oxalic acid, C.F- at $0.13/lb. 49 33.00 

Versene, at $0.70/1b. 212 233 .oo 20 14.08 
Total Coats  263.00 233.00 

Operator labor required: 

A-4 - I mn hour per tank at @.TO/  
man hour 30 Lank treatments 31.00 

B-40 -2 man hour per tank at @..7O/ 
man hour ( lack of spray system 
doubled labor required over A-4 
requirements) 
30 tank treatments 102.00 

To'h1  Dire et Costs $334.00 $335.00 
* C.P. ,h$drofluoric acid cost is  $l.23/l%; the tech. grade 
cost W! ;boa23/Xb.? ;id mre realistic. S E C m  SEcuBIm I B ' O n I O M  
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p i l o t  Plant decontamimtion fn %he past had followed the practice of' using 

first one reagent and then another i n  an effmt to remove activity. mus, 

the cost esthatte,although based on tz l i s t  of chemicals reflecting more the 

requirements of %he reagent evaluation p r o m  than an expeditious de 

contmnia~ttion,is f e l t  t o  be reasom%ly representative of past P i l o t  Plant 

practice. 

The principal difference i n  A - 4 ,  B-40 decon%amizmtion costs was In 

operating labor required; the A - 4  decantamjmtion spray system pemi t t ed  

each treatment t o  be carried out with one-half the labor needed for B-40 which 

was not equipped with a spray. The A-4 &mica1 cost %7&5 higher primarily 

because of the greater amounts of hydrofluoric and oxalic acids w e d  t o  re- 

duce the higher level of activity i n  A-4. 

6 .o Fission Product Distribution in Coltmn Deco&am;imtion SoZutiolrs 

D u r i n g  the tinie that decorrtamlnating solutfans were pumped f r o m  head 

tanks to colmms, sanples of wash solutfons were taken over a t w o  day period 

from A ,  B and C columns and submftted f o r  deternim-tion of gross beta, 

ruthenium beta, and niobium beta. The results are summarized in Tablo XX, 

Appendix. 

steel surfaces d u r i n g  Pwex Process opaat ion .  

I d o m t i o n  was desired on the deposition of' n ioblm on stainZess 

DecontamSnation of the A colurrm removed nioblum and ruthenium in a 

r a t i o  of approximatew 60 to 1; the Elverage niobium - ruthenitrm ratio i n  

the A column during processing of' hot feeds was 0.10 t o  1. 

solutions f r o m  the I3 and C c o l m s  showed a samewhat lesser  preponderance of 

Decontamination 

niobium. 

Since the data was taken after sone decontamination of column surfaces 

had been accoqplished, the possibil i ty existed that  earlier treatnient 

S E W  
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removed maenim preferentially and that the niobium-mtheniwn ra t io  changed, 

as  the deconta;rairation progresso8,to the values noted. The chemimXs used 

initial* were not knawn t o  be specific for ruthenium; evfdence favors the 

theory that niobhra deposited 0x1 stainless steel during process operation. 

Infomnation W&B not developed concerning t he  equilibrium cancentrations 

of niobium in process solutiona and that on column walls. 

determined on the basis of' lrnown total beta curies fed t o  the A eolunm during 

P u r a  Process operation and estimated beta curies removes dwing decontamination, 

tha t  aeposlted beta activity represented only 0.002 per cent of the t o t a l  fed 

(calculations are in  Appendix, Table X). 

stripped could be in error considerably, the range of values is such that 

the amount of deposited act ivi ty  can be considered fnsignificaat in so Par  us 

EweverJ it was 

Although the estimate of act ivi ty  

Purex ogeration is concerned. 

7.0 Electrodecontarnination 

A brief  investiga%iorr was mda of' electrodecontamination as a possible 

D-14 i n  Cell 111, which had been used a s  a technique for  Pilot F h n t  use. 

aqueous decantation tank i n  the solvent recovery system, was selected Par trial 

because of its high act ivi ty  level (15 R a t  the bottom) and accessability for  

making; the necessary e lec t r ica l  connections. Over a period of 24 hours of 

continuous treatment at it current density of O.& amperes per square h c h  

of internal tank mea and us- a 1 inch x 4 foot stainless pipe as the 

cathode, t& ac t iv i ty  v a s  reduced to 700 mr./hr. Thls residual ac t iv i ty  

was lodged in flanged connections a t  the bottom of the tank and was not rw"cht3r 

reduced by additional electrodeeontamination &Fort. 

Despf te  the successful- remvaf crf Lank act ivi ty  by this technique, 

f'wther use was abandoned for these semons: (I.) Since ac t iv i t ies  i n  l ines,  

flanges, and valves were not touchea by electrostrIppLng, it would have been 

SECRFT SECURITY I%FORMATIOB 
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necesBary to use reagents for these items. 

adaptable t o  electrQdeconl&nation because of their length and difficdty 

of withdrawing pulse plates f o r  electrode insertion. (3) Only a f e w  tanks 

in t he  Pilot Plant were equipped with properly located top openings for the 

insertion of the cathode. 

body of the tank interferred w i t h  efficient s t r ipp ix .  

(2) Pulse columns were ncrt 

(4) The exteasfon of numerous pipe lines into the 

(5) 1\/Iany tanks could 

not be reached un t i l  a prslimlnary chemical deeontarnt-slation had been completeii. 

8.0 mterials of Construction 

Types 347 and 309 Cb stainless s tee l  had been employed in general equip- 

ment fabrication. 

evidences of serious attack by the reagents employed f o r  decont&?lation. 

surfaces were bright and clean. 

cent range of concentrations was the moat corrosive chealcal ewloyed, its 

judicious use f o r  decontamination can be considered feasi%le. 

acid content of the 3-20 reagent is essential in mhirn iz ing  corsosian. 

sure times of stainless steel to hydrofluoric acid should no% exceed one ham. 

Inspection of internal tank and column r;urfaces showed no 

All 

Since hydrofluoric acid in the 0.5 .. 4.0 per 

The nitric: 

Expo- 

Bydrofluoric acid solutions attack faulty welds which had resisted 

concentrated n i t r h  w i d .  Every instanee of weld failure occurred in small 

diameter pipe l ines  which were d i f f i c u l t  to weld without inclusion of flux. 

Sotand. welaed joints were not attacked, 

has been required for fabrication of stainless steel facilfties intended for 

%he processing of hot sofuticms. 

if exposure t o  hydrofluoric acid is con.temp2.ated. 

Normally, welding of the best qualf-ty 

This becomes a doubly importax% consideration 

The Milton Roy positive displacement metering used bring a par*& 

of the decontamination propam t o  pump reagents through the colwaw did not 

show evidences of chemical attack on any of the stainless s t ee l  warkiw parts ,  
SECRET 
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solutions handled included 10 pes cenk n i t r i c  acid, 2 per c e ~ t  versene, 10 

per cent citric acfd, 0.3 per cerrt hydrofXuoric acid, 10 per cent ox%Lfc 

acid, 10 per cent caustic, 0.05 per cent potassium periodate. Leakage of 

hydrofluoric ac id  solutians From pumgz pistons resulted in sane severe local 

corroBion af cast puqp bases. Ron-stainless steel pump bal l  checks were 

destroyed by 0.3 per cent hydrofluoric acid solatian; stairilesa baUs  served 

without evidence of corroeive attack. 

9.0 Beccamnendations 

1. The work of PiXot P l a n t  tank decorrtesrrimt ion would be greatly 

facflitated by the installatian of spray lineB from a centrall;5. 

located solution mkeup tank to a31 tanks which are eqec ted  t o  

pPOk up radioactivity. Cells 11, 111 a d  IV tanks are not now SO 

equipped. 

2. Eew process equipment for the ptarex P i l o t  Plant Bhould be installed 

only after due consideration has been given t o  meam of dacontEhm;ina%ion. 

3. The reagent mixture of 3 per cent hydrofluoric - 20 per cent n i t r i c  

appears t o  be very p r o ~ s i n g  as an effective, economical aecont&mat. 

It is strongly recommended that  further broad studies be ma& of i t s  

propert l e  s . 
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Date 

8/28/51 
8/29/51 
f3/30/51 
8/31/51 

9/1/51 
9/3 /5x 

9/7/91 

9/13/51 

9/9/51 
9/10/51 
9/10/51 
9/=/51 
9//s3,/51 
9/=/51 
9/13/51 
9/14/51 

9/L5/51 
9/17/51 
9/18/51. 
9/19/51 
9/20/51 

9/23/71 
9/21/51 

9\24/51 

Decoritmination Record 

B-40, Ictf Emporntor Tank, Cell I1 

S q l e  Analysis 
Gross Beta 

Contact Time (counts/min/d) 
1 

2 hr. at lOO*C 1 
I 1 hr. at 100% 

1 hs. at 100°C 

1 hr. at l00"C 
1 hr. at lOOzC 
1 hr. at 100 C 

I I hr. at 100% 
1 hr. at IOOOC 

J I h. at 100:~ 
1 ?E. at  100 C 
1 hr. at lOOOC_l 
1 hr. at ~ O U ~ C  

2 hr. at l0O0C 
1 hr, at 100% 
1 hr. at 100% 
1 b. at IOO*C 
I hr. at ~ O O * C  
1 hr. at Rm.T. 

LO min. at Rm.T 
LO mfn. at Rm.T 

I 1 hr. at 100 c 

* " C u t i e  Pie" reading at tank bottom - 6*' from tank eurface. 

345 

325 

180 

130 

100 

LOO 
70 
60 
50 



-46- 

APPENDIX 

TAEix'tiriJ: 

Decontamina.t;ioa Record 

A-4, €?relmmq Peed Adjwtment Tank, Cell I 

Sample Analysis 
Cross Beta 

Contact Time comts/nLin/q 

2.0 x 106 

2.5 107 
5.0 31: 205 

1.0 x I& 

S w l m  

2,3 x 3-05 
- 

inoperative 

2,Q x lorr. 3 
3.3  x 10 
2.6 x 103 

3.3 103 

3.4 x 10 

1.8 104 

- 
- 
" 4  

3.0 x 10' 

- 4  1.1 x LO 
9.0 x - 3  10 

- 
I 

no samples 
taken 

ff 

I1 

t? 

1 

* "Cuthe Pie instrument aeterminatlon - tank bottom at 6 inches. 

2000 

1500 

1000 
So0 

500 
300 
200 

225 
200 
150 



Contact 
TilW 

16 hr, 
8 hr. 
12 hr* 
12 h. 
8 hr. 

24 hx, 
24 h ~ .  
18 hr. 
24 hr. 
72 hs. 

48 b ~ .  
18 hr. 
24 hr. 
L hr. 

I. bx. 
1 hr* 
1 hr. 
1, &. 
1 hr. 
1 hx* 
1 hr. 
1 hr. 
I. hr. 
1 h. 

24 hr. 
24 hr. 

Tota l  
Coatad 
pimi3 

24 b. 
36 hr. 
48 hr. 
56 hr. 
80 hr. 
lo4 hx* 
122 hr. 
146 hr. 
2r8 hr. 
242 hr. 
266 hr. 

356 

S w l e  Aaalysis 
Gross Beta. 

(coalnta/asl/ml2_ 

3.7 x 12 
3.5 11 lq 
L.3 x LO 
3.9 x 103 

- 4  

6.4 103 

- 4  3.8 x 10 
8.6 x 103 
3.9 x 103 

1.0 x 10 
6.5 x 



A 

A 

A 

A 

A* 

A* 

B 

B 

Bjh. 

3* 

C 

c" 

c 

c 

c= 

c 

C 

c 

CJC 

@ 

P 

8 3.3 x 10 

2.19 x IO* 

3.55 x IO2 
5 2.4 x 10 
6 

2.0 x 10 
3 2.77 x 10 

6.53 x 103 
2 

2 

IC 

4 

2.07 x i o  

6.92 x 10 

1.71 x 10 

2.11 x 10 

9,69 x 

3.92 x lo2 
4 5.86 x 10 

4 5.8 10 

.. 

. . . . . . . . . . . 



TABLE x 

2.0 x 105* 

8.0 x 1103 

9 38.4 x LO 

Total  39445 x EO9 

curies beta a c t i v i t y  sernoved - 1.7 
cur las beta. a c t i d l y  f e d  

x 100 = 0.002 pes cent 
s- 
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