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A survey of the problem of r eaqtor system contamination b y  radio- I 

active material zhd methods that have been employed to-.remov.b the, . .  

material was;darried out. . ~ol lowingth is  survey, an.inveitigatjon of .  
chemidal solutions was undertaken t o  f itid one which .,might be succegs- '. 

fully employed in the dgecsntam'inaton.bf.~a. stajnl'eps. sfeel, s$eah ,gen- . 
' 

% .  . 
erator .  ~ r b m  a .preliminary~bcreenin& the mostpro@ising chemical' ' ' . 

method f rorn'lthe view p'oint of minimum cor ios  ton and; rhwimum ;de- 
contarnin.ationC , . .  is a caustic . . permanganate treatment foliowed: ,by an acid 
.rinse. . . 

I '  
3 .-I L , i ; ; .  . . m t i  . . . 





I. 0 INTRODUCTION 

The removal d radioadtjve :deposits from w0rk.swfaces and equip- 
ment is a m a ~ o r  problem ..wher ever radioaetjve materials . w e  encountered. 
The technical l i terature on the subject, however, deals primarily w idh 
methods and procedyr ep : for laboratory o r  manufacturing f acilities . (1 2) 
However, the problem is encountered i n  the building and operation of 
nuclear reactors and .nuclear chemical ~roeess ing .  plants, and recently a 
considerable effort has been devoted .to undersFanding, radioactive con- 
tamination, its buildup, and subs equknt rem.o~al .  The cost 0f;nuclear 
power plants , y . w e l i  as their ease and sir&licity of maintenwee depends 
uponwhether effective means dan be found to control. radioactivity build- 
up .or. to chbaply and simply decontaminqte .the plant. 

1 This report is the f i rs t  in a ser ies  on the Decontamination Program 
carried out by Alco Products, Inc. 9 in conjunction with the operating 
contract for the Army Package Power Reactor (APPR-I), a pressurized 
water reactor located at  Fort  Belvoir , Virginia. Subsequent reports 
will include the results of extensive loop testing of chemical decontamina- 
tion solutions and the recommended procedure for APPR-B decontamina- 
tion. 

2.0 OBJECTIVE 

The -results of a.sgrvey.of the mor'e important aspsets of.nuclear. 
reactor contaminati,on and. deconfarnination a r e  presented in. this report, 
as well as the resuits of s'creening of chemical decontamination solutions 
investigated under the- APPR- 1 Decontamination Program. 

3.. 0 SUMM.AFtY AND CONCLUSIONS 

The buildup sf activated corrosion products on the primary system 
sukfaces of nuclear reactors may present a serious restriction to the 
normal operation of the installation. Continued buildup of this activity 
can seriously restrict  accessibility and prevent necessary maintenance. 
As a consequence, rapid and efficient decontamination is, required to 
,reduce the plant or system to safe working levels. 

The corrosion product deposits a re  c o q o s q d  chiefly of magnetite 
(Feg04) with small amounts of nickel and chromium oxides. The radio- 
chemical composition depends upon the materials of construction; ~ e 5 9 ,  

L> (2060, 5B9 ~ n 5 4  and Cfi1 have been identified in APPR-1 corrosion pro- 
duct scale. I I 

I 

The extent of contamination by activated corrosion products is in- 
f luenced by many factors including water chemistr~i, time, temperature 
and/or pressure, precorrosion treatment, and the type of metal invblved. 



Qpdinarily a tenaciolls radioactiOe film is formed which is difficult to 
remob6 evenLby the' action sf btr'ong chemical agents. 

Considerable effort has been devoted to the removal of corrosion 
product and fission product acti;ity as  well as uranium oxide from 
metal surfaces. The techniques that have been emp1Gyed include che'm- 
ical removal, ultrasonics, and eletrolytic des caling. However, most 
of the work coqcerned with the decontamination of Barge facilities or 
inaccessible components has involved chemical _methods. A reducing 
complexing solution ("RBS") , developed by the W es tinghous e Atomic 
Power Division, has been employed to remove activated corrosion / 
product scale from a number sf facilities including the naval reaetor 
prototype (SIW). The Turco 'h501" Process has been used to decon- 
taminate the KAPL 120 Loop a t  Hanford Atomic Power Operations om 
two separate occasions. A ehromous sulfate - sulfuric acid has been ' 

used to decontaminate the homogeneous reaetor experiment. General- 
ly, chemical decontamination of nuclear facilitfes has achieved only 
partial success. At this time; however, chemical decsntamfnation 
seems to represent the mos6practical way sf decontaminating large 
facilities. 

Preliminary screening results obtained in the APPR-1 Decontam- 
ination Program indicate that a caustic permanganate-rinse treatment 
may be an effective chemical method for removing activated corrosion 
product scale. Decon&amination f a c t ~ r s  of 20 or more have been ob- 
tained. ' The available corrosion information indicated no evidence of 
intergranular corrss  ion. However, an extensive evaluation of this 
 articular ckmica l  treatment is necessarylbefsre application to a 
large reactor facility can be considered. 

r 



4iO :, DISCUSSION OF' RESULTS 
. , 

4.1 The.Problem . 

4.1:1 . Activity Buildup in Pressurized Water Reactors 

4.1.1.1 . Nav& ~ e a c t o r ,  PWR Experience - 

The need for periodic decontamination of nuclear facilities is the 
result of the radioactive deposit or film that tends to build up on system 
components. Prolonged buildup can seriously hinder necessary main- 
tenance and thereby restr ic t  operation 0% the facility. Considerable 
information is available in the unclassified literature concerning the 
characteristics, the magnitude, and the attempts that have been made to 
predict theoretically the radioactivity buildup in pressurized water 
reactors (3). More .recently, Culver (4) and Meem (5) have ,used system 
parameters and early results from the Army Package ~0&3r Reactor 
(APPR-1) to obtain specific information regarding activity buildup in 
the Nuclear Merchant Ship Reactor. 

4.1.1.2 Army Package Power Reactor. (APPR-I) 
Experience 

Radiochemical analysis of circulating water and putieulate matter 
in the APPR-1 has indicated the presence of the long-lived species 
: ~ 0 6 0 9  58, ~ $ 9 ,  ~ i 1 5 4 ~  and . ~ r 5 !  (6-8) Practically all of this activity 
except manganese is associated with the particulate matter. A slow 
but steady r i se  in activity has been observed in the APPR-1. The great- 
e d  contribution to the activity is from 6060 and ~ 0 5 8 .  The former 

" 

arises from:an n- reaction on the natural cobalt present as an impwity 
in stainless's~eel. ~ h e . c o 5 8  arises from an n-p reaetion;on the Ni58 
which is present in the stainless steel throughout the system. Since the 
reactor went critical in April 1957, the steam generator head has been 
lowered on two separate occasions to permit an examination 0% the in- 
terior and to collect dose rate information. The f i rs t  occasion was in 
July 1957, immediately following a 700 hour full power test; the second 
occasion was in November 1958. The dose rates in the steam generator 
on these two occasions a re  listed on Page 8. - 

' Doge r a t e s  a t  the end of Core l i f e  ( ~ o v e m b e r  4959) a r e  estimated to 
b e  2 5- 30%. higher than November 19 58 values. No appreckble- conk mu- . :  

tion due to fission .product activity is anltacipated, although,,some bissioaa' 
products a re  present. (9) 



TABLE 1 APPR-1 Ste; Generator Gamma Dose Rates 
! 

J U ~ $  :, 1'9 5'7 November 1958 instrument 
Location ,700 E!,,. F.  P o  H.* 7700 El F. P .  M. * Used , 

A. 12" below . 280 ;nr/hr.  . .  . - "Cutie Pie" 
tube ,sheet 1 . .  

1 

B. Tube Skeet, . j . 6 . 3  R/hr. Jordan AG: 
Inlet , 50 BP 

Tube. Sheet, 
Outlet 

\ 4.3 R/hr. Meter 
-1 guns hieldbd) 

.. 
(next' to vertical 
baffle plat&) 

. . 
Tube Sheet, -. ' 2.,9 R/hr. -... 
Butlet -sidd i . . . . 

. . . .  . 

* equivalent full power hoivs . . . 

4 .2  Decontamination Philos.ophy , 
. . 

The, primary function of dect ntamination is to .facilitate' haintea-. 
. . ance and emergency repair of the i"!ant facility. The plant may be  a 

nuclear power' plant or a nuclear ft.21 reprocessing plant. Ease af main- 
tenance .is of particular i ~ p o r t a n c c  in the small power phiits where . 

staffs a re  Small and excessive dosr >ate& could seriously r e s t r i c t  opera- 
# . . 

tion. 
. . 

The Westinghouse Atomic Power Division and the Oak Ridge Nation- 
L 

al Laboratory have devoted-considerable time and effort to the decontam- 
ination of nuclear facilities. While different in the type and extent of the . 
radioactivity involved, the goal at both installations has been the same, 
i. e. achieving high decontamination factors with low corro$ton rates, 
short exposure times, and low cost. 

The naval reactor program has been concerned with the activlty - 
buildup in naval reactors. In December 1957, the naval prototype ( s~w)  
at  Idaho Falls, Idaho, was decontaminated using a concentrated reducing 
solution ("RDS") in a feed and bleed type of application. The rqsults of 
this operation a re  discussed in a subsequent section of this report. While 
the type of activity encountered in S1W is different from that found in the 
APPR- 1 (due to differences in cladding material), the general behavior . 
and m'echanisms involved a re  probably the same.' 



The ORNL prograin has been consid6ri 51y more varied than the 'l 

naval r eactor program because of tbe nuifie~*ous facilities r eqalir ing 
decontamination. Components containing ho.ringgeneous reactor fuels 
together with reprocessing equipmerit have ,?eh0 decontaminated. 

It is generally felb that the frequency o; decontamination should 
be dictated by the economics of maintenance. It is essential to de- 
termine the dose rate which will permit haiptenance tb be performed with I 

the smallest staff and in the shortest possible time. Thi8 necessi- 
tates the continuous checking'of dbse rates 'a t  numerous points on the 
reactor facility (SIW has more than 150 such poipts)(lO). This informa- 
tion must be sub~ect  to constant review in order to determine the Psca- - 
tion of "crud traps" and to anticipate f u t u r ~  activity levels. 

In summary then, a successful decontamination program must fulfil 
the following requirements : 

I. Knowledge of the type 0% radioactive contztmination 
involved together with its rate sf buildup. 

I # 

I This would include chemical add.:radiochdkical born- 
. .. 

positions, :relative adherence' to the material surf ace, 
' . .:J... ,,,... > .  and a,probable mechanjsm for its buildup, . , . 

. , . . 
. . 

i .  ' -  2. The decontamination treatment must be iapabte, 
. , of achieving: maximum removal of activitv. 

The chemical decontaminating solution mus'd:nst 're; 'I 

sult in excessive corrosion nor deleterious metallurgi- 
cal effects. The subsequent corrosion rates and buiPd- 
up of activity must ns't be increased as  a result of the 
decontamination treatment. The solution must be stable . . 

.,at high temperatures, pressures andradiation levels. 
Excessive decompobitibn could r i se  to gad f orma- 
tion and result .in pump cavitation. , -. 

, * .  
3. - The decontamination treatment must be applied in a 

.manne.r that is simple, brief, .and' ec~nomical.  

4. Adequate provisions for waste d i s~osa l .  

There must be sultable equipment to process large vol- 
'umes of highly coneminated liquids. 

! ' 



5. Rec0mmendations.f or future reactor designs. 

Future reactors, must be designed with the pro- 
blems of decontamination in mind and in the light 
of recommendaftions resulting from decontamina- 
tion studies. This would include any provisions 
for isolation of contaminated components, removal 
sf stagnant areas where deposits may collect ("crud 
traps"), and the design and; location of decontamina- 
tion and waste disposal equipment. 

I 

4.3 Nature of the :ActivatedCorros'~on product Scale 
. I -. . . . . 

. . ,  . 8 * 
. . 

' I  , . 

4.3; 1' comparison . \ of Chemical and ~ ~ e c t b o ~ r a ~ h i c  Compositions. : 

The &ale encountered in1 pressurized water reactors is' composed 
chiefly sf magnetite (PegOq) w fth smaller amounts of nickel and chromium 
oxides. Table 2s'lists the corrosion product scale ("crud") 'cbmposition 
as  found in 'naval reactors employing Zircaloy clad fuel elements. 

TABLE 2 Chemical Composition of Activated. Corrosion ~ r o d u c t s  . . 
in Reactors Employing Zircaloy Clad Fuel Elements (1.1) 

. s  .   stern.. , . , ~ y s  t e h  
Element, ' . Degassed . : .  , . . Hydrogenated . , 

. ,  . Flow R,&$g:. 6 - Ft/Sec, , . 6 Ft/Set 27 Ft/S,,c . 
Iron , a 8 6% 60% . 75% 

Nickgl 6.4% 6 ;'a% 6.3% 
! 

Chromium I. 8%.  , , 3. I.%. 13% 

These compositions a re  In the same range as found in the Army 
Package Power Reactor (Table 3). This reactor, employing stainless 
steelelad fuel elements (Type 3041, is es$entially a hydrogenated sys- 
tem,with a flow rate  of 10 Ft/Sec. 
. . .'$ABLE 3 Chemical Composition of APPR-1 Activated Corrosion . . 

Products (9) 
, Element Average Percent  . : ~ a C g e  Percent 
Iron 5 2 

. . 
30 - 6% 

Nickel I 5.0 0.7-7.9 . . 

.. ~ h r o d i u ~  .<O. 32 < 0.802-0.9 
Mang.anes e < O ;  25 .. <0.006-0.6 
Cobalt . . !  . COO 17 ---- 

8 4 2 5  012 . .  

* I  



Spectrographic analysis- has , revea ld j  in  addition to the elements . 
listed in Table.3, the preeence of shall a q ~ u n t s ,  of sf8icon; a8uminum9 ' 
molybdenum, silver, and magnes . . ium(99. 

4.3.2, The Effect of Temperature bn APPR- 1. Corrosion Scale 
. . 

The activated corrosion product scale that is found on the primary 
system surfaces of ~?,reesur%zed water reactors can be exbsmeEy tena- 
cious. The tenacity depends uhon both the operating conditions and the 
length 0' exposure. This is shown by the data of Table 4 where contam- 
inated Type 304 stainless steel, metal coupons were continuously electro- 
lytically descaled for periods totaling 60 minutes. F i g  1 )  The sam- 

' ples were identical in s h e  (3-1/2 x 4/2 x l/16-inch), heat treatment, and 
surface finish and have been exposed up and downstream of the APPR-1 
p~imargr blowdoGaraa cooler for approximately 4-6 months. As a result, 
some samples were expos& to APPP-1 primary system conditions while 
others were exposed to the samq coolant at  reduced pressure and temp- 
erature. The samples to be descaled were made cathodic to a lead anodk 
in a solution of 5% sulfuric acid and gram/liter of thiourea. ' A current 

> -  
density of 1 .3  amps/in2 was used. At specified times, the samples werer 
removed from the descaling solution', rinsed with distilled water, and the 
gamma activity determined by a Geiger Mulller tube. The.results in- 
dieate that the samples exposed to the APPR-1 ,system conditions (430°F 
at  1200 ,psi) possessed a much more tenacious scale than samples ek- 
posed tp 1 0 0 ° ~  at  45 psi. Approxlmatqly 7-8% of the gamma activity re-  
mained after 60 minutes on the metal specimen exposed to the higher,, 

L 

TABLE 4 .Results of Continuous Electrolvtie Bescaling T p e  304 
Stainlese.Steel 3-1/2 x 1/2 x 1/16-inch Cou~ons . ' 

, , . . 

.~ lowcj~wn!  No. Percent ~ i m r n a  ~ c t i v i h y ~ e m o v e d  ' 

~ d n d i h o n s  Samples a t  ~ndicated'. Times (Midutes) ' ,' 

5 18 . 20 30 68 
Upstream of. Cooler 
4 3 0 " ~  at  $200 psi  ' 4 '70 . 8 0 " 8 4  87 92 ' 

I 

.. . 
Do@estream of Cooler , , :. .. . . 

1 . 0 0 ~ ~  at 45 psi 2 '99 loo ., 1601 ioo .'iob, 
. .  . I  

temperature and pressure. This activity may have been very  l$ghbly ad- 
mrbed on the metal 'surface or even diffused into the base rnetai. Ultra- 
sonic cleaning of Type 304 stainless steel test coupons has  alqoindlcated , 

the same, temperature and/or pressure effect (9). 





Fig. 1 Laboratory Bench Facilities For Dynamic Autoclave and 
Electrolytic Rescaling Testing 





, , 

l&t i~us~ :  scale by 

Thp aecu&ulati~n of activity onthe: met@ ttqsf ,$oupw 9, also dgi 
aendhik uuon t&-isaate$M hvolde4. hrdwn et a1 . have 8,hodPn. that. for 
equal ~$xpcPiti& e m q .  ~ A S P P -  i r dwior coolank .,,I , B ~ ~ C O C ~  , ., . '. :. itid ~ .' W I P ~ ~ ~  
.Croloy 16-1 s@inl& 'weel acc@ulate;d the moth activity foB10wed by 
carbon stesl and T ~ &  304 staid&ililtiE!@l. It ,wM'found.tlpt the Crolpy 
16-1 accu~talaafq.d.3-6 timed ad .&iuc6 attivity M' t h e ' ~ j p e  $64 $k@tnlps& 
steel. ~ u r h & q d r e ,  the Crolojt ..l!&& e&bited the moat,aaheie~t filpn 
while cwbon &al.axhibit,ed the..leat adherenbe. On b&ls'of th& 
data, !t Wight be ekpbcted tha&~,Cpolog&B-.l qrould be the ;pb+t 'difbicqlt : 
to d e c ~ ~ i ~ ~ ~ , ~  However, later studih in conn66tietn iftith APPR-1, 
indicated this. is . . &t necessarily @ug. I 8 

/ . , A ,  , , , 
, , 

-%.8,4, I ., t , Eppwifion and . 4fe& ! ,:&'kbafn!gb , . . . , . 
, . , , , , il' . , 

~ . ~ ~ d ~ i .  e&i&cb&&, h a V ~ b e ~ + ~ & ~ d d  to f& t&iiaq+ 
cumulptio~~of @c&+fiy on.. ~ e d a . t o ~  .iii&&d' . . A d.b.cueisf@'d'tb,qad :m&ahg , '  

3 '7 a n i e w  ia ,.b$$b 'h .r&.qeg$. - ,:5j..:?WW%tqn and .a:[a&'e+l@nijp ip& . -: , 

covered ii..de;kil to#&@'M . . &e:.@iv~$n~e db@por!iq, e&h"thei$rjr, Ari 
ele&ochemisal.'&jr~h~+~&, $ ~ h , 4  @b bgei,pr& y#jdt"., 
account for ;~oinq pf the. m6rg seceq@~obEiervktiontin 'the @I?&-1 . Zi 
atom .excka&e br diffusi~n of kii$viy @ere .the basic m6ciha;ntirm in$@ll$dd 
iq i~ t iv i ty  buGdw,, it would ba7e~ehbel l j  4iffieuPt: ro ~eepb;bv@ tj$e ragio- 

kd.' ' 1 ~  acfilV& contamiuation,Under these eirc@&tan&"ee the raciidacbivi6 would ( ' . 
no longer be herely on the surf&e, .but :would actualIy hav,& dedomi part 
of the baie m M ,  

4.3.4.2 A@orption ~echsqnkm for Activity Buildup 

There ,fs some, eviden6e to-indicate that e: accamqation of arc@vi- 
- ty on metal surfaces may involve physical or @deorpticpn.- Here 

the force of aW.actton between the metal caim4w,e , ~ , .  arid' .~ &e .~ eoitprnbht ie 
sopplied,by She unsaturated 1qo1'keQIp.r f & ~ d e 8  at the .metal surface. Theae 
forces may be,sm@U, i. &. 10 kcal (physical oF\van der 'Wad 
or large, i. e. '50-100 kcal (chemical & ackivat@d'adsokpt&n). 

1 .  has estimated ,the fwce of at&actiom~@citween d q , b i n  biaaioi Ercsdqct , 
1 .  contam!nants and m e w  sukfqce6 to be approxfitnqtePy $0 kc& (1%). 
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Fig. 2 Section of APPR-1 Steam Generator Inlet and Outlet 
Dividing Plate After 11,500 Hours Exposure 





_ .. Campbell (14) has .shown thqt the.eontarqinatioo of Type- 347 'stainless steel ., 

surfaces- b~'~urex' . 'process waste$olitions Sollows the ~r&undlich . , adsorp- 
tion. equation. The r elationk hip is 'gi%Pen by. . .. , . . 

. I  

where Y = activity per unit area. 
. . 

6 = eqtiilib2iurn @&@en& qtion .. 

: (activity, g er  upit volum&j ' . .  . 

It was surprising that the data did not fit the Langmuir adsorbtion equation 
as the two reBationships can be used almost interchangeably when measuring 
the adsorption of gaeh on soPtds, 

The cbntamlnation onof Type 304 stainless steel surdaces by bobi APPR-1 
activated c s r r o ~ i o n  products and primary coolant was investigated. The cor- 
rosion products were dissolved with a mixture of nitric, perchllssfc, and 
hydrdluoric acids and brought to a pH of 2 wi\h a mild caustic solution. 
Suqcessive di%utlo~is were made of this solutiop and 200 cc aliquots of each 
were w e d  in the contamination experiments. The metal coupons (I-3/4 x 
1/2 x l/1,6-inch) were in the annealed condition and all possessed the same 
supface i inbh (30-35 RMS) . These were suspended in beakers containing 
the active solutions for periods up to 188 hours. At i ~ t e r v a l s  during the 
e q o s w e  'the samp%es were removed, rinsed with distilled water, and then 
counted with a thin ,mica end window Geiger MuBler tube; The samples 
were then r e t q n e d  to the sdlutions for additional exposure. The variation 
of a'ctivlty in counts per min per coupon as a function of exposuse hours is 
given in Table 5. 

TABLE 5 Contamination of T p e  304 Stainless Steel at 2 5 2 ,  . "  
APPR-1 Diksolved Corrosion Products I DH=Q 

, ,  1 

I '  1 I '  * , 

Solution Average C o u n t $ ~ i n u t e / ~ o u ~ o n  After ,. 
Solution Activity ssnA - Indicated Exposure Hours No. 
,No, Coants/~c@ 1 2 3 4 18 25 43 88 188 Samples 



. . 
The curse in'Fig. 3 indicate.$ that the-equilibrium activity w& adsorbed 

in the yetan coupone within 88 hours, Mgre than 85% of ti- is acfivity was 
ahorbed  within the f i rs t  24 hours. - A plot 0% the eqaflibri.nrn activity after 
exposure times d 24 and88 hours  versus solution aetivity'ytndicates agree- 
mknk with the Fr  eundlliieh adsorption equation (I Figtire 4). . . 

A similar experiment was performed on Type 304 stainless steel 
(I= annealed and as sensitixkd*) using k P ~ I t - 1  primary cosRanit water which I 

had been concentrated from BO liters to approximotely~ 500 ce. Practically 
all the activity in the coollant is associated with suspended insoluble corro- 
sion produets ( lvc~udlv) .  It is interesting to note &laat the relationship between 
dhsollved activity and occluded activity also follows the Freundlich adscarp- 
&ion equation (Figure 5), The sensittzed Type 304 stainless steel accupu- 
Pated about 1 .4  times as much activity as the coupons in the annealed eondf- 
tisn. Unpnbl.%$,hed data obtained as a result of exposing Type 304 stainless 
steel  to the APPR-1.primibky system %nd%cat$d that the sensitized specimens 
accumulated about twice the activity as the annealed specimens . Corros ion 
rates  were also in the same ratio, 

There appears to be strong evidence that the eontamination of metals 
by dissolved or suspended activated corrosion products invoBves a physical 
or  chemical adsorption of the activity on the pe ta l  surface. However, the 
effects of temperatwe, pressure, corros ion rate, water chemtjistr y, and 
surface condition remain to be investigated. Assumfang a Langmuir or 
Freundlich type of ad~orption, increasing the temperatwe wsu8d tend to 
reduce adsorption, while increasing pressure or  surface area would in- 
crease ito. W d h a n  (I5) has shown that surface.finish is not = important 
a variable as position of the metal surface with, respect to the reactor 
cooPant. It wrrs pointed out that there was a greater difffference in activity 

' 

uptake between samples having different preeorrosion times than between 
surface finishes (Table 6). 

TABLE 6 Activities of P r  ecorroded Autoclave. Coupons 

Precssrosisa~ Time - Hrs. 

Surface Finish (avg. RMS) 

LiOH Solution 
Without H2 With H2 

BOO 200 100 200 

* :Sensitized a t . 1 2 0 0 ~ ~  for 10 minutes;air cooled. 



AVERAGE 
C PM/COUPON 

' 7  . . . 

Fig. 3 Contamination of Type 304 Stainless Steel a t  25O C 
By APPR-1 Dissolved Corrosion Products (pH = 2) 
Effect of Exposure Time 





Fig. 4 Contamination of Type 304 Stainless Steel a t  25O C 
By APPR-1 Dissolved Corrosion Products (pH = 2) - 

Test  of Freundlich Adsorption Equation 
Log Y = log k + l /n  log C 





Fig. 5 Contamination of Type 304 Stainless Steel at 25O C 
By APPR- 1 Primary Water (pH = 7) For 24 Hours 
Test of Freundlich Adsorption Equation 

Log Y = log k + l /n log C 





4.4 Methods for.' Decontamination 

4.4.11 Chemical Methods 

At the1 present technological stage- d reactor decontaminotlon, the 
most feasible method appears to invollve the use of chemical agentso These 
chemical agents m e  designed to remove the corrosion product activity, 
fission product activity and any fissile fuel that may be present in the 
reactbr system as a resuqt of a defective fuel element. 

4.4. I. B Methods for AppBication of Chemical Solutions 
(Feed-Bleed vs. Fill-Flush) 

There a r e  two general methods for accomplishing chemical Becon- 
tamination. These are  the feed-bleed and the dill-flush me&s&'. Each 
method has its basic advanta.ges and disadvantages and eonskquentll the 
choice of ra method depends upon the system under consideratiod18, A 
schematic for a decont.amianation system using either method is shown in 
Fig. 6. 

With a feed and bleed type operation, a constant supply of fresh de- 
contamination solution is introduced into. the systeqsn while a part of the 
exhausted solution is bled 0%. The amount of solution fed is fixed at an 
amount necessary to maintain the following material balance: 

Totall Feed = amount needed for reaction + amount decomposed 
I by thermal effects + amount decomposed by radia- 

tion effects. 

Qnce this csncen&kation is established, it can be maintained very 
simply by. adjusting &he bleed rate. 

With'a fill-blush operation, the system to be decontaminated is 
filled with the so8ution which is circulated through the sYsti& with no 
additional feed during any one,eyele. With this type of op6ration9 the 
initial f i l l  must be of such a concentration as to allow for debletion of 
the reagents during the cycle. 

With a feed-bleed operation, a close control of the h o h c e ~ ~ a t l o n  
can be maintained because of the eonstant'bleed of a portion of the total 
sys tem ,volume. This permits a continuous check of the, concentration 
and the radioactivity in the system. A change in the eoncendration can 
be accomplished by simply changing the bleed ra te  which correspondingly 
changes the feed rate. This type of direct control is not p o s ~ i b l e  with . 
a fill-blush system because (a) the coneelatration of the loop solution is 
not constant, but changes as the solution is exhausted, (la) 8 a sample 





FILL TANK 

FEED BLEED 

USE POSITIVE DISPLACEMENT TYPE 

PUMP ( A . )  FOR OPERATION 

FILL FLUSH 

USE CENTRIFUGAL TYPE PUMP (B) FOR FILLING 

CLOSE. VALVES ( C) 8 ( D )  FOR OPERATION 

Fig. 6 Equipment Schematic For  Feed-Bleed o r  Fill-Flush 
Decontamination Procedure 





is wi thcBrPawan from the system, fresh solution must be introduced and 
this may change the system el-mica8 balance. , Decontamination by a 
f i l l -  Slue h op er3tion P squis es a f~lgher initial cone enbation which could 
resiilt in a higher cofrosion ra:; than in feed-bleed operation. In most 
syc ,ems, there will probably 'ti? so~kalBed ''dead legstv where some d 
the deeontmination solution rc:maina after the loop is draiaaed. It is im- 
perative that this ss8aatisn be re gloved to permit further reactor operation 
and to prevent excessive corroa~on. This can be accomplished by flush- 
ing the system, until the drain wzter is a t  the correct  purity. With a f i l l -  
flush operation, the higher concsntr$tiola d sollntirnw in t h e e  "dead legsvv 
or  tspocketsle would require more flushing cycles than a feed-bleed opera- 
tion. 

, 

The fill-flush method of reactor decontamination may be advantageous 
when corrosion rates a r e  asst excessive and costs must be kept to a min- 
imum. If the ~ystenw pump is used for kkculation, the only additional 
equipment required is a pump for introducing the chemical solution into 
the reactor system together with draining and waste etoragd facilities. 
I t  may be pk~ssible to @apt the drain fakiBities of the  reactor for decon- 
tamination purposes, 

. . .  , . 
, . . . . . 
. . .  \ . !  ,.., ,.: 

An ev$luat.ion d 41 the f ~ d d r s  'i.. e.: ' corrosbn r at&s, 4b~ution 
chgracterktics, r+diabion @ve&, and.required niodific;ab~ons, 
will determine the h o s t  suitable rne6hpd for a p;arXicu'lqr systemb The 
applicakion of these rnethdds in specific cases 'is discusqqdlater in t h p i  

, . repor& . !  
: 

.. , 

4.4.1.2 Parameters for- Decontami~aQBOW 

The correct temperature for a chemical decontamination depends 
upon many factors. There is a-required miamimum tlpmperatuse to maim- 
tain the solubility of the chemical agents being used. Higher tempera- 
tures tend to increme both corrosion rates and the sate 
Some solutions tend 
tieu1a.r ss8ution may 
ical reaction to take 
e s s a y  to determine 
W U D  has f k e d  the 
25Oo~ -& 1 0 ° ~  as a 
temperatwe and 

The optimum presswe  %OF a dec~n tamina t io  operatioan should be 
high enough to prevent steam bubble for119ljation and Beep any decom- 
position or corrosion gases int solution. Often, howbver , it is dictat- 
ed by the pressure necessary for operating the eirculatiaag pump 
nominal pressure for SIW decoqtaminatQ was fixed at 300 psi. Tit$'he 



This p r e s s w e  was sufficiently high to keep decomposition and corms-  
ion gases in solution ang'pr&v@nt boiling. It was also convenient for 
operating the main coolknt buamps without danger of cavitation. 

In general, the flow r$t& w e d .  in. reactor decontamination shogld 
be the highest practical velqeity. In addition' to ensuring proper mhx- 
ing and heat dlspgrsal, high ve8ocitks .create a t&baalent effect which 
may etjhance the removal of activity from the s y s t e i ,  surfaces (I8). 

The problem of waste disposal is also associated with the deem- 
tarnination sf nuclear facilities. An extensive anqPysis and discuss ion 
of the general problem can be found in Reference 21. Specific problems 
may be encountered with regard it0 the chemical decontaminating s o h -  
&ions. These solutions a r e  often-times highly corrosive; consequenntly, 
Poag-term storage may not b& feasible. The presence of csmpBexiaag 
chemicals such as. EDTA (ethg~enediamidetetraacetic acid) and citrate 
may brevent or limit attempts to concentrate and purify the so8netioaa by 
precipitation or ion exchange techniques. The voPname off conta,minated 
liquid may,be quite large due to the Barge vo8urrae of rinse water that is 
necessary to bring the system .water back to operational purity. Con- 
centrating the waste solution by evaporation might therefore be con- 
sidered a prelude to any subsequent processing by either pre&ipita.tion 

, or  ion exchange methods. PWR employs a two-stage evaporation prs-  
cesa to  concentrate waste soPutions foPlowed by un erground storage off 
the high activity evaporator bottoms at the si te (22f. A siqi~ disposal 
system will be used in the Dresden, Nuclear Power Station 

4.4.1.4 Full Scale Chemical Decontaminatiom Results 

4.4.1.4.1 WAPD 29 Loop ' g 24) 

A feed-bleed decontamination operation was performed.sn &he 
t W M D  29 loop a t  the #Materials Testing Reactor (MTR) in July 1957. 
This loop, which 19;' fabricated of Type 3Q4 staianlees steel, has an out- 
of-pile surface area of 53 bt. and a total volume of 15 gallons (10 gallone 
circulating and 5 gallons in the-surge t a d ) .  The contamination of the 
loop was due to: (a) fission product activity, (b) release of T J Q ~  from 
the rupture of two fuel wafers, and (c) the buildup of deposited corrosion 
produet scale over "yeas 'v  of operation. To accomp1ish the decontamina- 
tion, two ss8ution treatments were used: (a) an oxidizing - complexing 
solution to remove UQ2 and f issign produc&( (Table 3, arid (b) a reducing, 
complexiamg solution to loss en and dissoBve the corrosioan product scale 
(Table 8)'. 



Acetanilide . :Ot? : I ,  

~th~lenediaminetktracbtic ' 

. . . .  ~ c i d  '. 
, , 0 .  a s ,  

' ' 1 . .  , , 

Sulfamic. Acid ..25 5 

Hexamethylenetetr amine 0.5 . . 

~ y d r o ~ e n  pe r  oxidk' 1.5 : :  

. . .  
, . . . ,  : 

. , 

TABLE 8 WAPDRxJucing - ~ o m ~ k d ~ n & ~ o l u t i o n :  ("RDS?~) 
, .  . 

: : : chemical, ' :. Concentration. (gms/liter) . . 
, '  

Hydrazine 5.0 

Ethyl'enediaminetetraacetic 
Acid 3.5 

. . 
Sulfamie Acid . . .  . 25..0 

. . Hexamethylenetetramine . . . 1 . 0 .  . 

... 

.The -inability .to igolate the in-pile section. of .  the, loop for.. the, , 

initial oxidizing2 t educing .3so~ut(on. treatment pr  esented.a problem. It 
WE& feared: #at a high. residual gamma radiation field .in. the in-pile .s ec-- 
tion would 'cause: excessive decomp,o~ition of the solution. . As a conse.- . 
quenbe, the :bolution was introduced at  :the':exit of, the in-pile section~.t.o . - 
permit  komplete circulation of the solution prior to entering 'the high ra+ 
iationearea;' ' This wakcoupl6d with a high blded-rateto replenish thb sy6- 

. 

. t i m  with frkshsolution. . . The conditions u$&d :,y&r&; . ,  . , :, , .  . , 

, . . . 
. . Pr.esSur.e .-... . 0 . 9  . .'. ., o. ..... .:. 500 p,sig . .  . . 

. 7 

. . . . .:Cirpeulation. Flow: Rate ........ 7.5 gpm ' . . .  

. 1 ........... . . .  F e e d - ~ l e e d : ~ a t & .  I .  ... 0.6T gpm. . . . .  . . ... 

.:'.Residence ~ i m e  a t  ~ e m ~ e r a -  
. . ......;.. . O . . . . .  tureo .:. .::: .... o .9 hoursp 40. minutes . .  

, . , . . > 

4 2 5 .  126 . 3 1  



The second phase of the d6contamination using the reducing-com- 
plexing qolution was accomplished with the in-pile section isolated. 
Therefore, the high gamma radiation field was eliminated. The conditions 
used were: 

I 

Pressure  ..................... 500 psig 

Circulation Flow Rate - - - - - -- -.-- 7.5gpm , 

Feed -Bl&d.Rate ---- --- ---- --- 0.1 m m  

Residence Time a t  ~ernperature '-  8 hours 

An overall decontamination  factor,(^. F, *) of 30-60 was obtained. 
T h i ~  was. the result  of a- D. F. of 10-15 for the initial fission product- 
U02 decontamination cycleand a-,"D. F. of 3-4 for the final activated 
corros ion produdt decontamination cycle. 

4.4.1.4.2 S1W. ~econtamination[~O) 

In December 1957, the naval reactor prototype (S1W) located at 
Naval Reactor Facility (NRF), Idaho Falls, Idaho, was decontaminated 
using a feed-bleed procedure. The purpose of the decontamination was 
to remove activated corrosion product scale; therefore, a reducing-corn- 
plexing solution (Table 8) was used at a temperature of 2 0 0 " ~  and at a 
pressure  of 300 psig. Some difficulty was encountered during the initial 
feeding 0% the solution when the feed purnp^developed a leak. It was 
necessary to hold the solution in the makeup tank for several  hours d w -  
ing the repair  operation. This additional exposure of the solution in the 
makeup tank probably depleted the solution and resulted in the low D, F, 
of 1.5-2.0 that was achieved. " 

4.4.1.4.3 KAPL 120-Loop Decontamination 

In April 1957, KAPL 120 loop located at Hanford, washin on, 
(HAPO) was decontaminated using a fill-flush procedure. (25-2$t This 
loop, unlike WAPD 29, is fabricated of Type 347 stainless steel.  Its 
overall s ize  is larger,  having a surface a rea  of 142 f t2 and a total 
volume of 75 gallons (40 gallons circulating and 35 gallons in the press-  
urizer.  (27) * The loop had been in operation since October 1955. The 
chief source  of activity in the loop was due to the deposition of activated 

I * Net Initial Activity 
Net Final Activity 



corrosionpr oducts . . ~ o n s e q u e c t l ~ , .  the k educing-complexing , solution 
was used. . The in-pile sektidn d thB. loop wa8 isolated from tihe r e s t  ds 
the system 'to avoid.@xposing the plution to high radiationlevB18. . The 

. . .  
; conditisns ;a;r&ed:wel;e a fsIll~w$: I . . 

........... Presdure .. .:,. i.. ........ I40 psig . "  

, , ........ ...... .... ,-Flow Itate'. i r',. 1 30031 gpm 
i 

..::Residence Time at ~ e ~ ~ e r a t u r e .  . - Approximately 8 b~i.$rs 
' 

An average Anal D. F. of: 2; 1. was a,chieved, measured after th8 
loop had been. restored t o  operating conditions b y  a ser ies  of water 

' '  

flushes. 

A second attempt was made to d e c o n d i n a t e  theKAPL 120 in 
Wdy I957 with the, same r educing-cornpl6king solution. In this instance 
thb temperature of the solution was raised for 2 5 0 0 ~  to 3000F. This 
second decontamination resulted in an average D. F. of I. 6. The actual 
dose rates measured in the two decontaminations are given in Table 9. 

. . 

TABLE.9 '. ; - '  . Final r e s u ~ i s .  of KAPL 120-LOOD; ~econtarninatioms Using  
!WABD. ~kducinn-Cbnqn~lexin'~ S61ut!on (.I. 11) , . 

. . . . . . -.. 
.I' 

April 1959(1). May 1957'(l[H.) . . 

Locatisaa.of ' - .Init ial  .. :2Fiim.". , , . Initial, Final 
Survey Point (hr /hr)  i h Do F (mr/hr) ...(mr/hr),%: D. F. . . .  . . .  " 

Strainer 450.. , 2 50 1.'8 300 . '. . 1 8 0 . .  ' I d 7  

. I Heat Exchanger BOO0 400 2..5 . 3$0 . ' : . 2 9 Q  1; 2 

bolation valve . ' 600 ,250 ' 2.4 : 230 180 . '  .Ib 3 

The : K P L  120.. 1 o was next decontaminated in July 19 58 using the .. . . 

~aa~co'.%.,50$~@rocesa,~ 92g1 This process, lnvohes the. use @f .three sdlu- '.. ' 

tiGns°,':' : I 

Twco  4501, - an alkaline chelating agent containing potassium h y ~  . 
' I droxid&,pot.asslurn salts of organic acids, aliphatic aqines,  phenolics and 

- water. . . . 



Tmco 4502. - zi solid.comp&und used in soltition containing &p7 
proximately 40% potmdssium ,hydroxide9 40% potassium ~'mbdnate,  plus 
potassium permang&nate, inhibitor and wettin'g ag&nts.: ' 

. . 7 
. . . . 

215% ,Nitric- Acid .- bass ivation . .  . treatment. . . 

Prelim'nar bench scale studibs by HAP0 perBonnel gave promis- 
ing results. hgnJ1) It was dedded to modify the process m d  kubsbitute 
10% citric acid $010 the 25% nitric acid ~ i n s e .  

The conditions for the various cycles in the pkocess a r e  tabulkted 
in Table 80. 

TABLE 10 Operating 'Conditions for Modified ~urcd'4501"~roeees 
Residence Tim-e at Temperature 

,SoBut%on . Temp. ( Minut ea) 

Water flush . --- . 

:Citric acid (10% by wgti) 160'~ SO 
, . 

Continuous water flushes aad.final tkeadment with NH40H to remove a i~y  
citric acid. remaining in the  Boqp, 

The initial decontamination treatment resulted. in Db F .s ranging 
from $ , 2  to 20.6 depending upon the loeation. It was decided to repeat the 
operation using the procedure as recommended by Turco, i. e. 25% nitric 
acid rinse supplemented by another treatment with Tmco 4501 and the 25% 

I nitric acid. The actual g a m  a dose rates p e a s w e d  in the two decsntamina- 82) &ions a r e  given in Table 11 
I 

c o r r  osidn, r e&lts from the ~ u l y  1958 (III),d~co~bqmination indicated 
. . that the. weight losses  (mgg/dn?) on met@alspecimens. r&ged f rom 10.3 for . . . .:. - 

. . type 304 &aleless steel (as annealed) tb  21.7 for Type 304 skinleps et~eel  ' , . . 
- . (;as sensitized), ' -to 590 for Type 410 staiu@ess ;st&d~ (e::;~ann&aled). : Thsr e 
. was .  no evidence. d cousti@ type. corrosion (on any ,&f~%h&-'kpeeim'e$s. that 

were exahined:,Metallurg cal examiiaationof piping, removed afterahe ';,, t , ,., . 
' *. . , 



TABLE1 1 Final Results of KAPL 120 Looo ~econtaminations.. (m. 
! 

August 1958 (IV) 
Location of, .July 1958 (a) Turco "4501)' process Plus 

Survey Turco ."450i1' Prbdess except :.Repeat of the Turco 4501 
.Point . for  l O % : ~ i i r i c  ~ c i d . ~ i n s e  . . and 25% ~ i t r ' i c  ~c id :$ teps  

. . '  . . 
~ni t ia l  Final : ,. Initial 'Final 
(mr/hr) . ( m r / h r )  : Di F. ,  , , (mr/hr) . (,mr/hr) ; D. F. 

Strainer 

Heat Exchanger 2 50 20'0 : 1.2  200 70.. , . 2.9 
. . 

I 

I 
. . . . 5 .  Isolation Valve . ,350 .15 20.6. - .- - . --- . --- 

% .  

August 1958 (IV) decontamination did not reveal any evidence of inter- 
granular corrosion, s t ress  corrosion, cracking or crack propagation. (32) 

A major problem noted with the use of the ~ u r c o ' ~ 5 0 1 " ~ r o c e s s  was 
the excessive decomposition of the ~ u r c o  4502 solution resulting in a 
large amount of brown maganese dioxide being formed in the system. The 
process probably depends upon both the loosening action and the chemical 
reducing power of the Tureo 4501 solution. Upon the addition of the 
Furco 4502, solution, a chemical reaction takes placef and the manganese 
dioxide is formed. This material has a scavenging effect, and much of the 
diseolaved and suspended activity is probably adsorbed on its surface. T,he 
removal of this material is then accbmplished by peptization (a process 
which resembles dissolution except the particles a re  of cblloidal size 
rather than molecular size) with the njtric acid solution. Unless the bulk 
of the 4501 solution is flushed out oi the system, an excessive amount of 
manganese dioxide will be formed which may not all be dispersed by the 
nitric acid. 

. . . . . , . . 
4.4. I .  4.4 ~:O&:.Ridge:'Pacilifies . ' . . . . , . 

, . .  . . . . . ,  

. . . .  . .  . 
I . .. 

The decontamination of reactor fuel processing plants at  Oak-Ridge 
is achieved through the useof built-in decontaminating equipment. (33) A 
solution of' 30% nQic acid alternated with a solution of 20% sodium hy- 
droxide add. 2% sodium tartriite has been found to  be suci@essful in decon- 
taminating the J1~hbrex: ' ,  . and . "Purex,' plants. A solutionof 3% hydrofluor ic 

. . 



acid and 20% nitric acid (3-20 reagent). is used when initial treatments prove 
ineffective. The effectiveness 'bf the latter solution depends to a large ex- 
tent on the corrosion of the stainless steel surface (34)- Corrosion rates 
of one inch per month have been reported for 'Type 304L stainless steel in 
boiling 3-20 reagent (35) 

A satisfactory method.:of removing plutonium and f tssion pppoduct 
activity in a homogeneous reactor was the use of a chromous sulfate 
sulfuric acid solution (3610 The solution, 0.4 molar CrS04 - 0. 5'molar 
H2SO4; w a s  usCd a t  850C and with a contact time of 2-4 hours. Stainless 
steel corros'ion . . rates varied from 200- 500 mi.ls/year for a 4.4 hour .con& 
tact period. 

Some care n u s t  be employed with the chromousl sulfate+sulfuric acid 
solution as it is easily oxidized by the a&. Consequently, an inert -&mas- 
phere m,uet be kept over the solution at  all- times. 

_, . ' .  . 
4.4.2 ~ l t r a son ic :  ~'6co&amination ~ e i h o d s  . .  . . 

. . 
. , : r  

~' l t rasonic .  cleaning has been used  effective^^ tohecontarninate 
small ob~ects.  . The object td be cleaned :is. placed in a cleaning tank,con- 
taining a detergent. Piquid. A signal 'generator is then used $0 produce ,a 
sound wave in the liquid. . During th6 rarefaction portion of the sdund wave,, . . 

,minute bubbles a r e  formed throughout the bath. , Durfng the compression 
' . wave, these tiny bubbles a re  compressed until they explode inwardlfor im- 

plode, Theforming and imploding of these bubbles is the phenomenon known , 

' as cavitation.. En the immediate area of th@e _bubbles tren~endoua 
temperatures and,pressu~es .  exist during the cavitatipn .c ydle. ' The,cornbina- 
tion ~ f ' t e m ~ e r a t u r e s  and pressureg, coupled with the forc&of the i&ploiion, : 
cleans thg,ob~kbt. , . , .  Work performed at Aleo Product$,. (99 indicated that 

4 u l k ~ o n i c  :.:+ %- .$ ! ,  energy <,. (40 ke/sec) used in conj:unction 'kithi ~ a k i t e  N& k 3% Cleaner 
. at 800F yhs inetfective in removing . . activated corrosiqn product , . shale :from 

sampl.& expbsed to APPR-1. g&irpary coolad 'c6ndition6 ;. H,owever., ; it was 
effective in r kmoving activa'ted:.ebrrosion produet s c a l e  from specimens,, 
exposed to the . same . eoplant !,ut at  a lbwee'kmperatureand pressuke. , . 

. . x .  3 

' , 

, ~ e n r y  (37) showed .that the use . of . uitiasonics en:ka&.es the  6kfebtive- 
ness of a decontaminating solutioti. Small samples sf' conrapfnated piping 
were dkcontaminatedat.~evels d 20250 ,kc/sec'and at 1000. kc/aec. Some 
of the conclusions reported, a r e  as f oliows : 

. . 1. . ~l t ragon i&s  arekpproxihateIy-50% to 80%:&fective in de- 
. . 

contamination. . .. .:,, I -. . . .  . 
. . .  ' . . !  . , ,I i . . . . . . , . 

2 ? . ' . The use , of . wake; ,+ a mediuni has . l imited . 'effectiveness .' 
3, The .final. D. F. of the ?ample sing a'water- bath can be in- 



creased further by cdntinuing ultrasonics. .with - a  chemical de- 
8 ,,I . . 

' contaminating. solution, ' . l, .;? . 

4 a The effectiveness of a n  ultr.&onic system depends. on the 
. method of coupiing the ultr'monic source relative to the con- 

taniinated surface. . . 

5. The use of magnetrostrictos at  levels less than.100 kc/sec 
appears to be most feasible due to size and method of attach- 
ment. These Pow frequency transducers can be clamped 
directly onto the pipe. Their effectiveness eould'vary with the 
distancb from the transducer, but it is believed that it may 
be effective up to 2 feet. 

' 
It appears, therefore, that ultrasonics may have some application in 

decontaminating reactor facilities provided suitable methods can be found 
to couple the ultrasonic generators to the system. The problem associated 
with the ddcontamination of a large heat exchanger,for instance, would in- 
deed be formidable. 

I ;  . . ; . ". 

4.4: 3 . Electrolytic Methods . , . . ,' 1 

. . 
, < .  

. Huff (38) has reported excellent results in decontamjnating stainless . 

steel metal surfaces. Surfaces ak large as  4 ft. 2 have been.deco.nt.aminated . . . 
'. . . ,. 

. using current densities of 100-1 50 'amp/ft2 with the contaminated item as  . . ' :  . L: - .,., %.. 

. t h e  anode in solution of 'either sulfuric or phosphoric a'cid. Bennett (31)) hasre-  . . 
. . . 

ported decontkinationfactors as high '3000 f o r  Type 347 stainless steel . ,is,c 

using a q s i m i k  method .( i . . ... 
. . 1 LC.. 

:.'::;Q.. 4.4 Other' Methods ' , ... ; ... . 
. . . . 

, Various methods have been proposed for decontaminating 
plants and equipment, some of which have been adapted and used success- 
fully. While most of the adapted methods a re  excellent for their own par- 
ticular application, their possible adaptation to the decontamination of a 
reactor sys tem, in most cases, would require extensive engineering eval- 
uation. Sand blasting has been used effectively by ORNL to decontaminate 
tank cars  (40)* Abrasive slurries have also been used with some success. 
However, it is imperative in these cases that all the abrasive material be 
removed from the system. Consequently, direct access to the system is 
a prerequisite to the use of these types of abrasive materials. However, 
one method which has  been proposed for abrasion decontamination is the 
use of dry ice in pellet form. , In ibis operation it is not necessary to have 
access to remove the residual material since it will evaporate. The scale 
removkd by the abrasive action of the solidified C02 can be subsequently 
washed out. The possibility of pumping:C02 pellets and their effectiveness 
as an abrasive is still  unproven. 





4. 5 Initial Screening of Chemical Agents ~ ~ p l i c a b l e . t d  . ,  APPR-1' 
::. Decontamination 

Phase 2 of the APPR-1 Decontamination Program involved screening 
a number of chemical agents which, on the basis of availab1,e literature and 
prior experimental work, might prove effective in removing activated .corro- 
sion product scale. This, was accomplished on a laboratory bench scale 
(Fig. 7) using samples of APPR-1 primary blowdown piping. These samples 
(Type 304 Schedule 80) had been exposed to the primary coolant for approxi- 
mately 7 months. When used for experimentation purpOs@s., the'se samples 
had decayed for approximately 4 months. C~nsequently~aetfvity lbvels were 
low/enoq$h (1, ~ r / h r )  to permit beta-gamma counting with a thin mica 'end- 
window tube connected to a Model 1091 Atomic qssociates Scaler. 

I 

A sample was initially counted and then placed in a beaker containing 
the primary chemical solution at  a specified temperature. ~ e m p e i a t w e  
control was 3oC and all solutions were exposed to the atmosphere during 
the decontamination treatment. Agitation was provided by a mbchanical , 

st i r rer .  After a specified time the sample was removed and recounted. If 
a secondary rinse solution was used, the sample was placed in:a beaker con- 
taining this solution. After completion 0% the treatments the sample was 
counted again and examined under a microscope for general appearance and 
evidence of excessive corrosion. A number 0% samples were submitted for 
metallographic examination. Comparative results for the different decon- 
tamination solutions that were evaluated a r e  given in Table 12. An initial 
caustic permanganate treatment followed by a nitric heid Pinse gave the best 
results and merited further investigation. 

Additional screening results obtained using caustic permanganate and 
various secondary rinses a r e  tabulated in the Appendix. The experimental 
procedure was the same as that used to obtain the data i i  Table 12, Due to 
the nu'mber of variables involved, no special consideration was given to 
achieving duplicate results ; consequently, only general eonclus ions can be 
made concerning this data. These a re  as follows: , 

1. The removal of the corrosion product scale with its asscsciatefl 
activity by the caustic permanganate-rinse method is accom- 
plished primarily by the secondary rinse phase of the treatment. 
The caustic permanganate treatinent removed only about 17% 
of the total activity removed (D, F. of 1.2). 

2. In experiments with 5-10% nitric acid as a secondary rinse, a 
caustic'permanganate solution consisting of 10% sodium hydro- 
xide and -5% potassium permanganate appears to be an. optimum 
concentration (Fig, 8- A). 





Fig. 7 Laboratory Bench Facilities Used in the Screening of 
Chemical Decontamination Agents 





TABLE 12  EVALUATION OF VARIOUS D E C O N T A ~ A T ~ N G  SOLUTIONS 
5: FFR(2M APPR - 1 PRI MARY BLOWDBWN LINE 

Primary Decontamination Solution Secondary Decontaminatican Solution 
-Cone. Temp -Time Cone. Temp -Time Total 

Description by Wgt. Minutes D. F? Description by Wgt. OF Minutes D, F. * 

l ' ~ ~ ~ L ~ ~ l l  1 lb/gaP 180° 60 Z 2 
: Wyandotte 
~ h e m i c a l ~ o r p : .  . 190' 60 42 
(caustic 
cleaner) 200' 60 4 2  

"FERLONl1 2 lb/gal 190° 60 
. . 

(2 
wyandotte - . 

ChemiCalCorp,. . .. . . 2000 60 (2 ' 
. . (caus.tic 

cleaner) 
_-. .. 

210' 60 - (2 . .  

5 1 . llc:.~.~ S. l1 10% 195O 6 0  .N.C. 

.b% . 
:, ~ y a n d o t t e  

:g - Chemical Corp 
- .  (kaustic 

. . cleaner) .. . . . 
'T. , 

fo 
Cil 

13 . Oakite 2 lb/gal 180' . 30 . N. C. 
, l 'Rus t r  ipper l l 

2.10" 150 

*Do F. =: Decontamination Factor = Initial Activity i[net. 

i Fiwal'Activitgr (net) 
' +N.C. = No change 1 W 

I 

None . . 

. . 

,None ' 

Citric Acid 5% 185' _ ,' 30 
- -  (r.eagent grade) . >  . 

- Versene 1% 18.5' - 30 
Powder'(a) . . , 

1 8 5 '  30 

.. None 

M.. 0.? + 

~ i t r i c  'Acid 10% (by 205O 30 4 2  
volume) 

Oxalic Acid 5% 1850 30 (2 
(reagent grade) 

(a) Versene Powder - 
a polyamhocarboxylic acid , 
&elating agent ,, 0 -- 

- Dow Chemical Company 
Midland, Michigan 



. . .  . . .  

TABLE 12 (continued) ' 

. Primapp. Decontamination. Solution ' . . ,Secondary Decontamination Solution 
..Cone, : Teinp Tinie Cone. - Temp Ti,me. . Total 

Description by Wgt. OF MinutesD. F. Description by Wgt. OF Minutes .D.. F. 
- .. . . ..... . . .  . . .  Sodium . . 

Hydroxide gpar& 200' 30 1 . 7  Nitric Acid 10%(vol.) 200' .30 l o  4 
Sodium 
..Gluconate 1 part  . . 

. . . . 
TOTAL .3,Bbs/gal . . 

Sodium 
Hydroxide 

Sodium 
, GBuonate 

TOTAL. 

Sodium 

GBuconate 
. TOTAL 

4 parts 200° 3 0  . N.:C, Nitric Acid 10% 
. . .  

20q0 

Ssdiurp . . 

200° .. -... Hydroxide 4par t s  180' 30 N.C. Nitrfc Acid 10% 30 1:: 1 ' 

. SodiugPz . . 
1 '  

,, Glliaccsnate 1 pub, -. . 

TOTAL ' 3 Pbs/gall . . 

Sodium 
Hydroxide 4 parts 200' 30 N..C. 

Sodium 
Gluconate 11 part  

Naeconol I 
(wetting 1-1/21 200' 30 'N. C. 
/ agent) 

T o w  - 3 ibs/gal 

. . 
. Citric ~ c i d  + 5% . ' 200' 
'Versene 
. Powder . 



TABLE 12 (continued) 

Primary ~ecoitamination Solution , Secondary Decontamination Solution 
Sample Cone. Temp Time Conc. Temp Time Total 

No. Description by Wgt. OF Minutes D. F. Description by Wgt, O F  Minutes , Do F. 
. . -. 

, . 
44 .. Sodium . . . . 

.Hydroxide ;,20% 195O " 30 1.1 Nitric Acid 10%. 1 95-0 30 1.5 
. . - - Sodium 

Tartrate 2% 

. . 
44 . .Sodium 

Hydroxide : 20% .210° 30 N. C. Water' - ' " 1 9 5 ~ . .  30- 1.3. 
. Sodium; . . 

1 .  

Tartrate. ' .2% 

.: Oxalic Acid 5% 

Sodium 
Hydroxide 5% 

Potassium 
Permanganate 2.5% 

?. 

.Sodium . . 

Hydrokide 5% 
P.otass ium 
Permanganate 2. '5% 

205' 30 N-. C.  ~ i t r i c  Acid 

2050 30.. N; Co : Nitric Acid 



3. In ekerinnents with 10% nitric acid and eauetic permanganate, 
a residence time (exposure time) a t  a given temperature for 
the secondwy rinse beyond 30 minutes did not appreciably 
increase the decontamination factor (Fig. 8-B) . 

A ccampasis,on of the various acid'rinkes used to r.em,ove the 
activity indicates that all were effective ig removing activity. 
This may indicate that these rinses removed the activity by 
the: sam.e mechanism (Table 13). 

5. There.wm ps aiparent difference in the effectiveness of the . 

decontamination, in the rinse solution temperatme range from 
18 5 to 20 5%. (Table 13). 

6. A chelating agent such as Versene appears. to iqcrease the 
eff e@tiv&ness 'of' She rinse solution. 

TABLE i 3  Effect of ~ i f f e r e n t  Rinses in Decontamination with Caustic 
PBrman~anate At 185" to 205OF for 30 Minutes 

X represents a sample tested. 

~ecbndary  SoButJsn : R-ins p for 30 Minutes Total 
Ammonium Samples 

' N i t r i c  Acid Oxalic Acid 'Citric Aeid -Citrate . Tested. 

Final De- . . 

contarhination' 
, 1 8 5 ' ~  2 0 5 ~ ~  1 8 5 4 ~  2 0 5 ~ ~  1 8 5 ~ ~  , 2 0 5 ~ ~  1 8 5 ' ~  205'~ . . Factor 

ExceBlen~ 450 
x xxxx x 5 X 8 or g r ~ a t & r )  

Acceptable. . 

(20-49) , 

Not Aceeptabl& 
(Iesa than 20) XXX XX X 6 

Total Samples 
Tested 4 6 5 B 1 1 1 2 2 1 

. . 

Visual examination of the samples r'cvealed no evidence of deleterious 
effects as " a  ,result1 of the caue tie permanganatk- .decontamination keatm.en&. 
There Was some evidence of disco8oratBon on seves,al samples, but this was 
thought to be due to imgk~per  washing of the samples after the:deeor&amination 
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, treatment. Metallurgical evaluations. of -several r epr esentakive samples. were 
not colrclusive. Unfor tunately, the o~ig ina l  as  received samples dbw essiid ., 

numerous die marks as a resul t  of the. drawing.operation during manufadture. 
(Fig. 9). An attempt to circumvent' this limitatidn by statist&alinferenbe 

, . using the PoissonDistribution (no. of 1 pits/unit length) did. not. . .. resolve the 
problem. . 

~ . . 

. . - , A d p a m i d  autoclave corrosion test  was performed t o  deteamine the 
; .;.magnitud.e of , o r r o ~ j g n  for the caus;~~~~&rmanganate-r?'iih'se~d~:~bntami~ation 

. . treatment ( F i ' g ~ : ' l ) ; : ~  108oxilic acid,rinse.was followed bi.anladdi$iona12,.. 
treatment of{OO% nhric kdd. The oxallc acid would beexpected t o  result 
in  the highest corrosion rate on stainless s tee1 while the nk.ri&'acid would 
be expected to r &al%:in. . the.least. . The conditions and resuits\pf ithi~'.tes t. ' ' . T  . , .  

' a  :. . . a re  .given in Table 14,. . . , 
' .. . . _ :  _ .  . : .  , . ,  . 

I ,. . : ,  , . . . . 
TABLE 14 Dynamic Autoclave Test Results (1 mm-) Caustic Permanaanate - 

Rinse Decontamination Treatment - 1-3/411 x 112" x 1/16" Metal C o u ~ o n ~  

I .  caustic ~ e r m a n g a n ~ e  for 60 minutes at 185OF, drain. 
Z..: ~emlneraliz.@d w a t e r  for 15 '  minutes at  75OF, drain:.' 
3; Oxalicaeid (1096) + 1% VersenePowder for 30 mins. a t  175%~ drain. . '  

4. Nitric. acid( lQ8) fo r60  minutis a t  1750F9 drain; . , . . 
5: Demineralized water for 15minutes at  75°~9drain. 

.,weight Loss. ; Results 
Heat .Steps 1.$-3 .Steps 4-5 

Material Tr  eaQnent , mg6/dm2 ,. .. . $. .. mils . pe,netration ~mgs/dm2mils penetration . 
. . :  

Type304SS Annealed '. 18; 6 '..009 . 5.. 4 .003. . 
. < 

" ' 20.:. a . l o  . 5,,9 .oo3 I .  

Type 304 SS . .  Sensitized ,... 63%. 9 .032 13.2 . 007 
. ' : l ~ . ' ~ i ~ ~ , ~ ~ ~ j .  ,: 58.1 .029 15.5 ,008 

$.200"~, ' . ' . ... ! .: 
. , air. cool: . . . 

. . . . . , 

The corrosion resul ts  above indicate that the weigkt lossfor  steps 1-3 . , ' 

was  almost four times ::& .much as ;the nitridacid and water r inse(steps 4- 5). .. 

The weight boss resblts $,o$ the.sen@tized stainless ~ i e e [ - ~ a s  between two 
and three times as mu.ch;& t h ~  annealed stainless steel. '~iow~ever ,  it was 
.not felt that the observed rqsults were excessive. ~ e t a l l d g i c a l  examination . '. 

of fie ann$aled and senq,itized st'aililess steel specimens indicated: no evidence 
- . . . . of . intergranular corrosion or: dther,:dellete,r ious effects "(Figs. 10,1 I), 

4 .  
I . . 

I 

The three secondary rinses: oxalic acid, citric acid, and ammonium 
citrate, were evaluated in subsequent loop decontamination studies which 
form the basis of another report. Nitric acid was not given further consideration 

& b ; ' . i ~ -  
-I" I . "  .:" 4 0 



, , 
. .' . . ' .  % 

as it was felt that the diff,iculty asidciated with ihhe: st6ikg6 andhandling' 
ofthis chemical would make decontaininatton with :nitric acid ihpracdcal; 
parttgu&irly ina.smal1'package . . typereactor whdr6 space ~conoiiiy is 
paramount. . . . . . . 
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Oxalic Acld Etch 

8 I -- Fig. 9, Photomicrograph of Type ,304 S.Wnless Steel Bpe  
7 ,  - 1 - - 

L. 8 .  , < - . - " , ,  . '. 
' , . I  I - .  - . .  

r l I 1 . I  . , ,  Top: 12846-C Sample a,$ reeeiv&l , 7 , 8 , -  .- 7 8 

) - 9 .  z. ' 
- 8 -  Bottom: 12846.-A ernp1.e espos:ed !to caustic. 

p ~ ~ ~ ~ ~ t e ; a . a . m m m a m ~ . U m  ~. ~. .  .., ,.~., ~. .~~ ... 





500 X Oxalic Acid Etch 

Fig. 10 Photomicrograph of Type 304 Stainless Steel (annealed) 

Top: 12847-C Sample untreated 

Bottom: 12847-A(C-97)Sample exposed to caustic per- 
manganate-oxalic acid-nitric 
acid decontamination treatment 





500 X Oxalic Acid Etch 

Fig. 11 Photomicrograph of Type 304 Stainless Steel (sensitized) 

Top: 12791D Sample untreated 

Bottom: 12641B(S-28) Sample exposed to caustic per- 
manganate -oxalic acid-nitric 
acid decontamination treatment 
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APPENDIX TABLE I . .:- .. - ,  . ;. . , 

. .. 
. . . . 

. Evaluation of .caustic- ~,.er.man'gangtte Decontamination Treatment - - 5%$odium Hydroxide, 5% 
' 

. Potassium ,Permangana%e'("~P 5 5I!) at;-205°~ for  30 ~ i n u t k s ;  sche,dhe 80.:. . 
.-Type 304 Stainless S tee l  ~ ~ ~ e : , k e . m o v e d  .. . ,from;,APPR-l BlowdoTKm- Line 

Sample' 
..No. . . 

. .  ... . . 
. . .:Secondary ,.Decontamination Solution 

11 cP55 11 .-n$Conc. . Temp. ~ i m e  
. . 

;D. F. ~ e b c i i p t i b n  bi,!Wgt. 'OF , .Min. 
. . . . .  . . .  .t . 

. . 

.'.I. 3 Nitric ;Acid 10$(vol. ) 20 5 30 
4 . 4  ~ i t r  i~ ' Acid lO%(v01,~,) 205, . 30 

1.1 , . Nitric Acid -. 10%(:vol. ) 205 
. . 

20 
. . 

.I,*, 4 Oxalic Acid 5% 

Total 
D.'F. . : REMARKS . . 

i 6  i .  . 

12 30 minute. water .r'inse - . 
prior .to ni.tric acid r inse 

.6.'3 - .  10 .minute water -rinse 
.prior to nitric acid.rinse 

samples removed and 
-counted at indicated. 
times 

. . 

4.3 lo 3 , '  . Ammoniuin 5%.'-. -205 2 7. 7 Samples: removed and 
Citrate 10 9.9. . counted atrindicated . 

:Citric Acid '.' CP 5 5"expos,ur e . time 
of:60 minutes 



. . . . . . 
' APPENDV TABLE II. , . . : , - .  

Evaluation of Caus tie ~ e r m a n g a n a t e   onta tam in at ion Treatment- 10~Soditirn ~ ~ d r o x i d e  5% 
a . ~ 6 ~ ~ s i u m ~ e r h a h ~ a ~ a t e ~ ( ~ ~ ~ ~ ~ : 0 5 ~ ~ )  at: 18 5037 for 30 Minutes, : .  . -  - . . 
0 . . 

. . Seeondar y7DecontaminaW solution 
;sample ''CP105" %Conk.. Temp , Time Total . . . . , . 

k b  
23 . N.0 o :D: F. , - Description byWgt: . ?F ,. 'Min. ..D. F.. . 

. . 

.REMARKS 
CJT 

. .Nitric Acid . lO%(vol.) ,185 30 
Nitric Acrd 10%.  ' 185 . ..30 
Nitric ~ d d  10% 205. , 30 
OxalicAcid. . 5.. 185 30. 

' . Versene.Powder 1/2 
. . 

a , . . , .¶ v, . . 
. ,  . ..,.. . .  . 205 . , . 30 

Citric .Ac.id . 5  . .  185 30 
Ydrsene Powder- 1 

1.. c i t r i c  Acid .5 . . . 175 $5 
2.Nitric.Acid ' 10 475 . .  15 

Nitric Acid 10 75 ' . I5 
10 
20 

. , . . 
30 ' 
60 

No agitation 

. . 

'"CP105" .exposure time'of.' 
60 minutes . a t .195 '~  

. . 

. .  r 

. 60 1.1 Nitric Acid 10 $5 . . 5  4.4 : "CP10511 a t  195% , .  
. . .  

. . 10 
- 

20 . 5.8 
30 7.2 

j :.. . ,  

'60 .:?7. 7 . . .. 
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