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( ABSTRACT

A survey of the problem of reactor system contammatlon by radioj
active material and methods that have been employed to. remove the
material was:carried out. . Following this survey, an- 1nvest1gat1on of
chemical solutions was undertaken to fmd one which might be success-
fully employed in the decontammatlon of -a stainless. steel steam gen- -
erator. From a preliminary. screenmg, the most. promlsmg chemlcal
method from’the view pomt of minimum corrosion and' maximum den

contammatwn is a caustic permanganate treatment follewed by an acid
_rmse :

i
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1.0 INTRODUCTION

The removal of ra,d1oact1ve .deposits from work surfaces and equ1p-=
ment is a major problem wherever radioactive materials are encountered.
The technical literature on the subject, however, deals primarily with -
methods and procedures for laboratory or manufacturing facilities.’ (1, 2)

- However, the problem is encountered in. the building and .opération of
-nuclear reactors and nuclear chemical processing plants, and recently a
considerable effort has been devoted to understa,ndingradioa,c.,t‘ive con=

tamination, its buildup, and subsequent removal. The cost of nuclear
power plants as well as their ease and S1mphc1ty of maintenance depends
upon. whether effective means can be found to control. radioactivity build-
up .or.to cheaply and snmply decontammate the plant.

' .{ - This report is the first in a series on the Decontamination Program
carried out by Aleo Products, Inc., in conjunction with the operating

‘contract for the Army Package Power Reactor (APPR-1), a pressurized .
water reactor located at Fort. Belvorr, Virginia. Subsequent reports

will include the results of extensive loop testing of chemical decontamina-
tion solutions a.nd the recommended procedure for APPR-1 decontamina-
tion. :

2.0 OBJ ECTIVE

The results of a survey of the more important aspects of nuclear ‘
reactor contamination and. decontammatlon are presented in this report,

- as well as the results of screening of chemical decontamination solutions

investigated under the. APPR-1: Deconta.mma,tlon Program.
3.0 SUMMARY AND CONCLUSIONS

The buildup of activated corrosion products on the prnma,ry system
surfaces of nuclear reacters 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 workmg levels.

The corrosion product deposnts are composed chiefly of magnetnte

(Fe304) with small amounts of nickel and chromium oxides. The radio-

chemical composition depends upon the materials of construction; Feb9,

. C060, 58, Mn54 and.Cr51 have been identified in APPR-1 corrosion pro-

duct scale

The extent of contamination by aoti,vated corrosion products is in-
fluenced by many factors including water chemistry, -time, temperature
and/or pressure, precorrosion treatment, and the type of metal involved.

¥
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Qrdmamly a tenacrohs radmactwe ﬁlm is formed which is dlfflcult to
remot/e ‘even by the act1on of str'ong - chemical agents ' -

Consrderable effort has been devoted to the. removal of corrosion
product and fission product activity as well as uranium oxide from
“metal surfaces.  The techniques that have been employed include chem-
ical removal, ultrasonics; and eletrolytlc descaling. However, most
of the work, concerned with the decontamination of large facilities or
inaccessible components has involved chemical methods. A reducmg
.complexing solution (""RDS'), developed by the Westmghouse Atomic
* Power Division, has been employed to remove activated corrosion
product scale from a number of facilities including the naval reactor
prototype (SIW). The Turco 4501' Process has been used to decon-

" taminate the KAPL 120 Loop at Hanford Atomic Power Operations on
two separate occasions. A chromous sulfate - sulfuric acid has been’
used to decontaminate the homogeneous reactor expemment General-
“ly, chemical decontamination of nuclear facilities has achieved only
partial success. At this t1me, however, chemical decontamination
seems to. represent the most pract1ca1 way of decontammatmg large
fac1ht1es

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. Decontam1nat1on factors of 20 or more have been ob-
tained. ' The available corrosion information indicated no evidence of

_intergranular corrosion. . However, an’ extensive evaluation of this
) partncular chemical treatment is. necessary.before apphcatxon to a
1arge reactor famhty can be cons1dered

425 008




4.0 ' DISCUSSION OF RESULTS

4.1 The Problem
4.1.1. Activity Buildupvin Pressurized Water Reactors
4.1.1.1 NavdlReactor, 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 restrict operatmn of 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 Power Reactor
(APPR-1) to obtain specific: information regardmg a.ct1v1ty bulldup in -
the- Nuclear Merchant Sh1p Reactor. , »

4, 1 1.2 . Army Package Power Reactor (APPR=-1)>
Experlence '

> Radiochemical analys1s of circulating water and pa,rtwula,te matter
in the APPR-1 has indicated thé presence of the long-lived species
.:C060, 58, FeSQ Mn54, and.Cr51 (6-8) Practically all of this activity
except manganese is assomated with the particulate matter. A slow
but steady rise in activity has been observed in the APPR-1. The great-
est contribution to the activity is from.C080 and Co58. The former *
arises from.an n-y reaction on the natural cobalt present as an impurity
in stainless“steel. The.Co58 arises from an n-p reaction-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 permlt an examination of the in- .
, terior and to collect dose rate information. The first 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 genera,ter
on these two occasions are listed on Page 6.

- Dosé rates at the end of core life (November 1959) are estimated to
be 25 30% higher than November 1958 values. No appreciable. contribu-
tion due to fission product activity is antlcnpated although some fission
products are present.

425 009 5



TABLE 1 APPR-1 Ste‘m Generator Gamma Dose Rates

July 1957 November 1958 Instrument
Location 700 E.F.P.H.* TT00E.F.P.H.* Used ‘
A. 12" below - 280 'nr/hr. - ~ "Cutie Pie""
tube sheet - - - o
B. Tube Sheet, _ | 6.3 R/hr. Jordan AG-
Inlet X . . 50 BP -
Tube Sheet, - 4,3 R/hr. Met.erld y
Outlet I : (unshielded)

(next to vertical
baffle plate) . :
Tube Sheet, jo » 2.9 R/hr.
Outlet -side- ; '

SR}

* equivalent full power houvs
4.2 Decontammatlon Phllosophy .

The primary function of deccntammatlon is to. facrhtate mamten-‘

‘ance and emergency repair of the | ‘ant faeility. The plant may be a

nuclear power plant or a nuclear fi.zl reprocessing plant. Ease of main-

tenance is of particular importance in the small power plaits where

~ staffs are small and excessive dose .rates could seriously restrict opera=-
tion. '

The Westmghouse Atomlc Power DIVISIOD and the Oak Rldge Natlon—-
‘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 corroeion rates,
short exposure tlmes, and low cost.

The naval reactor program has been” concerned with the actwity

buildup in naval reactors. In December 1957, the naval prototype (SiW)

at Idaho Falls, Idaho, was decontaminated using a concentrated reducing
solution ("RDS") in a feed and bleed type of application. The results of .
this operation are 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 matemal), the general behavmr
and mechanisms involved are probably ‘the same. ’




The ORNL program has béen considér:bly more varied than the AW
naval reactor program because of the numerous facilities requiring
decontamination. -Components contammg hosaggeneous reactor fuels
together with reprocessing equlpment have )een decontammated

It is generally felt 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 maiptenance. to be performed with
the smallest staff and in the shortest possmle time. This necessi-
tates the continuous checking of dose rates at numerous points on the
reactor facility (ISlWhas more than 150 such pomts)(lo) This informa--
tion must be subject to constant review in order to determine the loca~
tion of "crud traps" and to antlclpate future act1v1ty levels. - :

In summary then a successful decontamma,tlon program must fulfil
the following requlrements

1. Knowledge of the type of radloactlve contammatlon
involved together with its rate of buildup. ‘

This would include chemical and radlochemlcal com-
. positions, relative adherence to the material surface,
"% and a probable mechanism for its buildup. .

. 2. The decontamination treatment must be eapdble,_ g
of achieving maximum removal of activity.

The chemical decontaminating selution must‘not Ter ¥
sult in excessive corrosion nor deleterious metallurgn-»
cal effects. The subsequent corrosion rates and build-
. up of activity must not be increased as a result of the

-decontamination treatment. The solution must be stable
.at high temperatures, pressures and radiation levels.
Excessive decomposition could give. rise to gas forma-
tion and result in pump cavitation. '

3.- The decontammatlon treatment must be applied in a

'~ -manner that is simple, brief, and econOmical.

4. Adequate prov1S1ons for waste disposal.

, There must be surtable equipment to process large vol-
‘umes of highly contammated liguids. =

435_ 011



5. Recommendations for future reactor desuzns

Future reactors must be de51gned with the pro-
"~ blems of decontammatlon in mind and in the light .
of recommendations resulting from decontamina- -
tion studies. This would include any provisions
for 1solat10n of contaminated components, removal
~ of stagnant areas where deposits may collect ("crud
traps"), and the deS1gn and'location -of decontamman
: t10n and waste dlsposal equlpment

4,3 Nature of the Actlvated Corros1on Product Scale .

4. 3. 1 Comparlson of Chem1ca1 and Spectrographlc Composmons

The scale encountered in pressurlzed water reactors is’ composed
chiefly of magnetite (Fe304) with smaller amounts of n1ckel and chromium
oxides. Table 2'lists the corrosion product scale ("crud")’ compoS1t10n
as found in naval reactors employmg ercaloy clad fuel elements.

TABLE 2 Cheniical Com osition of Activated Corrosion roduc
in Reactors Employing Z1rcalov Clad Fuel Elements '

System IR } System
Ele_mentj . Degassed . .- . - Hydrogenated
Flow Rat.e 6 Ft/Sec . 8 Ft/Sec 27 Ft/&ec
ron, 86% o 60g o 75
Nickel 6.4% . . 6%  6.3%
Chromium | 1.8%. - 31%  13%

- These composutlons are in the same range as- found in the Army
Package Power Reactor (Table 3). This réactor, employing stainless
steelclad fuel elements (Type 304), is essent1a11y a. hydrogenated Sys- .
tem,with a flow rate of 10 Ft/Sec. S

TABLE 3 Chemical Composition of APPR-1 Activated -orro

. - Products (9)
.Element ' Average,Percent : Range Percent
Iron ' . 52 30-67
_ Nickel ! 5.0 ©0.7-7.9
.. Chromium - <0.32 £0.002-0.9
‘Manganese . <0:.25 - . £0.006-0.6

. Cobalt | oo <001 S

4



Spectrographic analysis-has revealed; in addition to the elements .
listed in Table 3, the presence of small amounts of silicon, aluminum, "
molybdenum, silver,; and ma,gnesmm(9) : .

4. 3. 2 The Effect of Temperature on APPR- 1 Corroswn Scale

The actwated corirosion product scale that is found on the primary
system surfaces of pressumzed water reactors can be extremely tena-
cious. The tenacity depends upon both the operating conditions and the

.length of 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. (Fig. 1). The sam-

' ples were identical in size (3-1/2 x 1/2'x 1/16-inch), heat treatment, and
surface finish and have been exposed up and downstream of the APPR=1
primary blowdown cooler for approximately 4-6 months, As a. result,
some samples were exposed to APPR-1 primary system conditions while
others were exposed to the same coolant at reduced pressure and temp-<
erature. The samples to be descaléed were made cathodic to a lead anode
in a solution of 5% sulfurnc acid and 1 gram/liter of thiourea. 'A current
density of 1.3 amps/i in2 was used. At specified times, the samples were’
removed from the descaling solutmn, rinsed with distilled water, and the
gamma activity determined by a Geiger Muller tube. The.results in-
dicate that the samples exposed to the APPR-1 system conditions (4300F
at 1200 psi) possessed a much more tenacious scale than samples ex-
posed to 100°F at 45 psi. Approximately 7-8% of the gamma activity re-
mamed after 60 minutes on the metal specnmen exposed te the higher.

-

TABLE 4 Results of Continuous Electrolytnc Descalmg Type 304
—— F _

.Blowdown' ' ' No. Per cent Gamma Act1v1ty Removed
' Conditions ‘ Samples  at Indlcated Times (Minutes)

‘ ' : 5 10 - 20 30 60

Upstream of. Cooler : S S
4309 F at 1200 psi 4 70 80 84 87 92

. Dewnstrea,m of. Coeler ' - . ' e e
100OF at 45 psi 2 99 100 g 100° 100 - 100

" temperaturé and pressure. This activity may have been very tightly ad-
sorbed on the metal surface or even diffused into the base metal. Ultra-
sonic cleaning of Type 304 stainless steel test coupons has alse mdzcated
the same temperature and/or pressure effect (9,

2y g e S
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Fig. 1

S Electrolytic Descaling Appara

Laboratory Bench Facilities For Dynamic Autoclave and
Electrolytic Descaling Testing
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Figure 2 is a photo of a section of the APPR-1 stream generator
flow separator. This section has been exposed in the APPR-1 primary
system for approximately 11, 500 hours. Attempts to remove the black,
lustrous scale by electrolytic descaling were unsuccessful. It appears,
therefore, that temperature and/or pressure, together with exposure
time, tend to fix the deposited activity more tightly on a metal surface.

4, 3.3 Metal Differences of APPR-1 Corrosion Scale.

The accumulation of activity on the metal teFS coupons is also de+
pendent upon the ‘material involved. Brown et al 8) have shown that, for
equal exposure times to APPR-1 reactor coclant, Babcock and Wilcox
Croloy 16-1 stainless steel accumulated the most activity followed by
carbon steel and Type 304 stainless steel. It was found that the Croloy
16-1 accumulated 3-6 times as much activity as the Type 304 stainless
steel. Furthermore, the Croloy 16-1 exhibited the most adherent film
while carbon steel exhibited the least adherence. On the basis of this
data, it might be expected that Croloy 16-1 would be the most difficult
to decontaminate. However, later studies in connection with APPR-1,
indicated this is not necessarily true. '

'4.3.4 Prcbable Mechanisms for Buildup of Activity
‘4.,3.4.1 Deposition and Atom Exchange

A number of mechanisms have been cited to account for the ac-
cumulation of activity on reactor surfaces. A discussion of these mech-
anisms is given in reference (3). - Deposition and atom exchange are
covered in detail together with the evidence supporting each theory. An
electrochemical-exchange type of mechanism hag also been propoged to
account for some of the more recent observations in the APPR-1""'. If
atom exchange or diffusion of activity were the basic mechanism involved
in activity buildup, it would be extremely difficult to remove the radio-
active contamination.Under these circumstances the radioactivity would
no longer be merely on the surface, but would actually have become part
of the base metal.

4.3.4.2 Adsorption Mechanism for Activity Buildup

There is some evidence to indicate that the accumulation of activi-
ty on metal surfaces may involve physical or chemical adsorption. Here
the force of attraction between the metal surface and the contaminant is
supplied by the ungaturated molecular forces at the metal surface. These
forces may be small, i.e. 10 kcal (physical or Van der Waal a.(ds%:rpition)
or large, i.e. 50-100 kcal (chemical or activated adsorption). 12 wAPD
has estimated the force of attraction between certain fission product
contaminants and metal surfaces to be approximately 30 keal, (13),

13

56)
% 80
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Fig. 2 Section of APPR-1 Steam Generator Inlet and Outlet
Dividing Plate After 11, 500 Hours Exposure
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Ca,mpbell (14) has. shown that the centamination of Type- 347 stainless steel .
surfaces by’ 'Purex process waste. selutmns follows the Freundlich adserp=
tion. equatmn The rela.tmnshnp is gwen by.

Y=k c 1/n
~ where Y = activity per unit area

C = equilibrium concentration
‘(activity per unit volumeé)

n,k = empiriea;l‘censtsnts '

It was surprising that the data did not fit the Langmuir adsorpticm equation
as the two relationships can be used almost mtercha.ngea,bly when measuring
the adsorption of gasés on solids.

The. centamina,tcion of Type 304 stainless steel surfaces by beth APPR-1
activated corrosion products and primary coolant was investigated. . The cor-
rosion products were dissolved with a mixture of nitric, perchloric, and
hydrofluoric acids and brought to a pH of 2 with a mild caustic solution.
Successive dilutions were made of this solution and 200 cc aliguots of each
were used in the contamination experiments. The metal coupons (1-3/4 x
. 1/2x1/1 6-inch) were in. the annealed condition and all possessed the same

‘surface fmnsh (30-35 RMS). These were: suspended in beakers containing

. the active solutions for periods up to 188 hours. At intervals during the
exposure the samples were.removed, rinsed with distilled water, and then
counted with a thin mica end window Gelger Muller tube: The sa,mples
weére then réturned to the s@lutmns for additional exposure. The variation
of actwuty in counts per mm per coupon as a fumctwn of exposure hours is
given in Ta.ble 5. : .

TABLE 5 Conta,mma.tmn of Type 304 Stainless. Steel a 25‘_”g ‘
APPR 1. DlSSO)].VGd Corrosmn Preducts '

Selutmn : Average Counts/Mmute/Coupon After ¥

"Solution Activity - wie . Indicated Exposure Hours ‘ No.
.No., ~ Counts/ec . 1 2_ 3 .4 18 25 43 88 188 Samples
1 2,714 . 205 - - 333 - 436 - 515 - 4
2 6,411 343 - 420 - - 522 - 595 ' 4
3 14, 315 749 - - 924 - 994 - 10i2 2
4 - 20,042 744 891 989 - 1082 - 1140 - 1155 .2

17



The curve in Fig. 3 indicates that the equilibrium activity was adsorbed
in the metal coupons within 88 hours. More than 85% of tiis activity was
adsorbed within the first 24 hours. - A plot of the equilibriim activity after
exposure times of 24 and 88 hours versus solution activity mdlcates agree-
ment with the Freundhch a,dsorptnon equation (Fzgure 4). :

A similar expemment was performed on Type 304 stainless steel
(as annealed and as sensitized*) using APPR-1 primary coolant water which
had been concentrated from 10 litérs to approximately 500 cc. Practically
‘all the activity in the coolant is associated with suspended insoluble corro-
sion preducts ("crud") It is interesting to note that the relationship between
dissolved activity and occluded activity also follows the Freundlich adsorp-
tion equation (Figure 5). The sensitized Type 304 stainless.steel accumu-
lated about 1.4 times as much activity as the coupons in the annealed condi-
tion. Unpublished data obtaineéd as a result of exposing Type 304 stainless
steel to the APPR-1.primary system indicated that the sensitized specimens
accumulated about twice the activity as the annealed specimens. Corrosion
.rates were a,lso m the same ratio.

There appears to be strcmg ev1dence that the contamination of metals
by dissolved or ‘suspended activated corrogion prodicts involves a physical
or chemical a,dsorptwn of the a,ctnvr,ty on the metal surface. However, the |
effects of tempera,ture, pressure, corrosion rate, water chemistry, and C
-surface condition remain.to be investigated. Assuming a Langmuir or
- Freundlich type of adsorption, increasing the temperature would tend to.
reduce adsorption, while increasing pressure or surface area would in-
crease it. Waldman (15) has shown that surface finish is not-as important
a vama,ble as position.of the metal surface with; ‘respect to the reactor
" ‘coolant. It was pointed out that there was a greater difference in a,ctwnty
uptake between samples having different precorrosmn tnmes tha,n between
surface fmnshes (Table 6).

TABLE 6 Activities of Precorroded Autoclave Coupons

LiOH Solution
Without Ho | With H,

Precorrosion Time - Hrs. 100 2000 . 100 200

Surface Finish (avg. RMS) 30 125 30 125 - 30 125 30 125
Sample Activity(avg.icpm) 489 641 1449 1446 1368 1694 1860 2532
Max. 594 764 2004 1991 1684 2064 ~ 2742 3027
Min. 411 482 1252 1198 988 1300 1272 2136

¥ ,Sehsitized at.lZOOQF fo_r 10 minutes;"a,ir cooled.

18
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4.4 Methods for Decontamination
4.4.1 Chemical Methods

. At theé present technological stage of reactor decontamination, the
most feasible method appears to involve the use of chemical agents. These
chemical agents are designed to remove the.corrosion product activity, -
fission product activity. and any fissile fuel that may be present in the
" .reactor system as a result of a defective fuel element.

4.4.1.1 Methods for Application of Chemical Solutions
(Feed-Bleed vs.. Fill-Flush)

There are two general methods for accomplishing chemical decon-
-tamination.. These are the feed-bleed and the fill-flush methods. Each -
..method has its basic advantages and disadvantages and cons‘equemlsg the.

choice of a method depends. upon the system under consideration 1 A
schematic for a decontamination. system using either method is shown in
- Fig. 6. :

Wnth a feed and bleed type opera,tnon, a constant supply of fresh de-
contamination solution is introduced.into the system while a part of the
exhausted solution is bled off. The amount of solution fed is fixed at an

-amount necessary to mamta,m the fol]lowmg material balance:

- Total Feed = a,mount needed for reaction + a,mount decomposed
’ by thermal effects + amount decomposed by, radia-
tnon effects

Once this. concentratnon is esta,bhshed u: can be maintained very
simply" by adjusting the bleed rate.

- With'a fill-flush. opera,tnon, the system to be decontammated is
filled with the solution which is circulated through the system with no
additional feed during any one eycle. - With this type of opera,tnon, the
“initial fill must be of such a concentra,tnon as to. allow for depletion. of ,
the.redagents during the cycle. , o

- With a feed-bleed operation, a close control of the concentra.tnon
can be maintained because of the constant bleed of a portion of the total
system volume. This permits a continuous check of the, concentra,tnon
‘and the radioactivity in the system. - A change in the concentration can
be accomplished by simply changing the bleed rate which correspondingly
changes the feed rate. This type of direct control is not possible with
a fill-flush. system because (a) the concentration of the loop solution is
‘not constant, but changes as the solution is exhausted, (b) if a sample

25
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Fig. 6 Equipment Schematic For Feed-Bleed or Fill-Flush
Decontamination Procedure :
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is wz&hdra;wn frem the system, fresh solution must be mtroduced a,nd

this may change the system cl. »mnca,l balance. . Decontamination by a
-fill--lush operation requires'a mgher initial concentration which could
regilt in a higher corrosion raic than in feed-bleed c»peratmn In most
sys.ems, there will probably ke so-tcalled "dead legs" whére some of
the decontamination solution ramains after the loop is drained. It'is im-
perative that this solution be renoved to permit further reactor operation
znd to prevent excessive corrogion. This can be accomplished by flush-
ing the system until the drain water is at the correct pumty With a fill-
flush operation, the higher concentration of solution in these "dead legs"
or ""pockets" Would requnre more flushmg cyeles than a feedwbleed opera-
tion. - :

The full»ﬂush method of rea,ctc»r decentamma,twn may ‘be advantageous
when corrosion rates are not excessive and costs must be kept to 2 min=-
imum. If the syetem pump is used for cnreulatmng the only additional
equipment required is a pump for mtmduemg the chemical solution into -
the reactor system together with draining and waste stera;ge“ facilities.

It may be possible to adapt the dram fa,cmtnes of the rea,cter for decon= -
tamma.tnon purpes es. - :

An evalua,twn of all the factors, i.e.” corrosion r’a‘t,tee9 solutnen
characteristics, radnatmn levels, and. required engmeermg modifications,
will determine the most suitable methed for a pa.rtmular system. The .
application of these methods in speemc cases is dnscuseed later in thns
.report. : , : -

4.4 l~ 2 Para,me‘ters for: Deconta,miné,tion .

~ The correct temperature fer a. chemneal deeontaminatmn depends
. upon many factors. There is a- required minimum temperature to main-
tain the solubility of the chemical agents being used.  Higher tempera-
tures. tend to increase both corrosion rates and the rate of c?]le removal.
Some solutions tend to decompose at hngher tempera,tures N par-
ticular selution may also raqau,%nre a2 minimum tempera,ture fo%}the chem- -
ical rea,etwn to take pla,«:e A balance of all these factors. is nec=
essary to determine thé eptzzmum ‘temperature of, 2 chemical olution;.
- WAPD has fixed the temperature of a reducing: complexmg solution at
2500F IOOF as.a compromise betw?en th% eﬁecuve scale removal
temperature a.nd low corrosion ra;te

. The optimum p'resfeure for a decontammaﬁ:nonoperetwn.should .be
high enough to prevent steam bubble formation and keep any decom-
position or corrosion gases in solution. ‘Often, however, it is dictat-
ed by the pressure necessary for opera,tmg the circulating. pump? The
_nommal preesure for SIW deconta,mma.tmp was fixed at 300 psi. 19)
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This pressure wa,s,smfi,@c[fi};énﬂy high to keep decomposition and corres-
ion gases in solution and prevent boiling. It was also convenient for
operating the main coolant pumps. without danger of cavitation.

In general, the flow raté used.in reactor decontamination should
be the highest practical velocity. In addition to ensuring proper mix-
ing and heat dispersal, high velocities create a turbulent effect which
may enha,nce the removal of activity from the system surfaces

4.4.1.3 Waste Disposal

The problem of waste disposal is also associated with the decon-
tamination of nuclear facilities. - An extensive analysis.and discussion
of the general problem can be found in: Reference 21. Specific problems
may be encountered with regard to the chemical decontaminating solu-
tions. . These solutions are often-times highly corrosive; ‘consequently,
long=term storage may not bé feasible. The presence of complexing
chemicals such as. EDTA (ethylenednammetetra,a,cetnc acid) and citrate
may prevent or limit attempts to concentrate and purify the solution by
precipitation or ion . exchange techniques. The volume of contaminated
liguid may.be guite large due to the large volume 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 precnpnta,n@n
. or ion exchange methods. PWR employs a two-stage evaporation pro-
-cess to concentrate waste -solutions followed by unslerground storage of
the high.activity evaporator bottoms at the site" A snr?nl:%m disposal
system will be used in the Dresden: Nuclea,r Power Sta,tmn

4,, 4.1.4 Full Scale Chemnca;l Decc»nta.mnna,tnon: Results
4.4.1.4.1 WAPD 29 Loop (24

. A feed-bleed decontamination operation was performed.on the
. *WAPD 29 loop at the Materials Testing-Reactor (MTR) in July 1957.
. This loop, which is fabricated of Type 304 stainless steel, has an out--
of-pile surface area of 53 ft. 2 and- a total volume of 15 ga,M@ns (10 gallons
circulating and 5 gallons in the surge tank). The contamination of the
loop was due to: (a) fission product activity, (b) release of UOg from.
the rupture of two fuel wafers, and (c) the buildup of deposited corrosion
. product scale over "years'' of opera,tnon To accomplish the decontamina-
- tion, two solution treatments were used: (2) an oxidizing - complexing .
~ solution to remove UO2 and fission products. (Table 1), and (b) a reducings
complexing solution to lcosen- and dnsso)lve the corrosmm product scale
_(Table 8). : s




» TABLE 7 WAPD 0x1dlzmg ‘Comglexigg §glut;on

» Chemical ‘ Concentratxon (gms/ liter)
. Acetanilide . I 0.5 - 5
Ethylenedrammetetraacetlc " | '
Acid" ) 7‘%_
Sulfamic. Acid' S n 25
' Hexamethylenetetramme ' 0 5

Hydrogen | Perox1de 1,5

TABLE 8 WAPD Reducing

', Chémical . Concentration. (gms/liter)
Hydrazine L 5.0
' Ethylenedlammetetraac etic. '
Acid ‘ : ' . 3.5
Sulfamic Acid o 25,0
Hexamethylenetetramine . . . 1,0

N
\

The inability - to isolate the in-pile section of the.loop for the,
initial oxidizing- reducing. solutlon treatment presented.-a problem. It
was. feared that a high.residual gamma radiation field in the in-pile sec~

- tion would cause: excessive decomposmon of the solution. - As a conse~

quence, theésolution was introduced. at the’exit of the in-pile- sectlon to
permit complete cxrculatlon of the solution prior to entering the hlgh rad--
iation area; This was coupled with a high bleed.rate. to replenish thé sys=

‘»tem with fresh solutlon. The condmons used were

4 Pressu,r,e,._.,.._o seavosans . 500 psig

’ fCirculation. F.loW-' Rate‘ | o . 1. 5’gpm" ‘
| Feed Bleed Rate R .‘ ooees 0,67 gp.m

- Temperature. . eaes . | 2209F' o

.?’.Resx.dence Tlme at Tempera—
ture. . ciesemestesoossaso 9 hours, 40 mmutes

425 _@26 oA



The second phase of the decontammatmn using the reducing-com-
plexing solution was accomphshed with the in=pile section isolated.
- Therefore, the high gamma radiation field was eliminated. The condltlons

used were: ,
Pressure ----ccececacoacancao- 500 psig
Circulation Flow Rate -=--===--- 7.5 gpm
Feed -Bleed. Rate-n—-'----f----e-_ 0.1 gpm
Temperature -%——-—-7-7, -------- 240°F

- Residence Time at Temperature- 8 hours

An overall decontamination factor (D. F. *) of 30-60 was .obtained.
This was.the result of a D. F. of 10-15 for the initial fissicn product-
UO9 decontamination cycle-and a.D. F. of 3-4 for the final actlvated
corrosion product decontammatlon cycle

4.4.1. 4 2 S1IwW. Decontammatlon(lo)

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 reducmg=com-=
plexing solution (Table 8) was used at a temperature of 200°F and at a
pressure of 300 psig. Some.difficulty was encountered during the initial
feeding of the solution when_the feed pump. developed a leak. It was
_necessary to hold the solution in the makeup tank for ‘Several hours dur-
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 achleved :

; 4 4.1.4. 3 KAPL 120-= Loop Decontammatmn

In Apr11 1957, KAPL 120 loop. located at Hanford, Washin on;
(HAPO) was decontaminated using a fill-flush procedure. (25-26) Thig
- -loop, unlike ‘WAPD 29, is fabricated of Type 347 stainless steel. Its
overall size is larger, having a surface area of 142 ft2 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

_* Net Initial Activity
‘Net Final Activity
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: corrosion,;products. = Conseiju_‘enﬂy,, ‘the reducing-complexing solution
.was used. - The in-pile section o? the loop was isolated from the rest of
the system to avoid exposing: the solution to high radiation. levels. The
- conditions . used were as. fellews : .

Tempef’aturé o4 000 idii0ssooss s 2000F
- Pressure ...oceccqecbooccesso.. 140 psig )
~Flow RatE . .n.. .. “iencicncnes. 30-31 gpm

- Residence ‘Time ai T'emp‘era'ture. .- Approxiinately 8 hours

-An average final D. F.. of 2. 1 was. achieved, measured after the
loop had been. restored to.operating cnndntwns by a series . of water
ﬂushes :

. . -.A second a,ttempt was made to deconta,mmate the: KAPL 120 in
.Maay 1957 with the same reducing- compleXmg solution. In thns instance
the temperature of the solution was raised for 250°F to 3000F. . This,
second decontamination resulted in an: a,vera.ge D.F. of 1.6. The a,ctua,l
dose rates mea,sured in the two deconta,mmatnons are given in Ta,ble 9.

TABLE.9 . __Final results of KAPL 120-Loop Decontamma,tnons Usmg g
the WAPD. Redu01ng-ComDIex1ne: Solutmn (1, II) . :
. | April 1957(1) ~ May 1957(11)
- Location.of - . Initial » Final’ .. . Initial ‘Final

- Survey Point . (m_r/hr)l (m,;’/hr). D.F. : (mr/hr) '.'(mr/hr}:‘ﬁ D. F

.PumpNo;.'i o - S
Outlet 320 170 1.9 - 180 110 1.6
‘Strainer . © 450 . 250 1.8 300 180 1.7
: Heat Exchanger 1:000 | 400 2.5 330.' . "-4_29'0 1.2
Isolation Valve - 600 -'2,50 2.4 230 4'1846 1.3

The KAPL 120. 1805) was next decenta,mmated in July 1958 usmg the
Turco"4501"'Pro>cess This process mvolves the use of three solu-

twns,,

‘ Tureo 4501 - an alkaline chelating a,gent containing petasenum hy- -
dro*‘ude,pota,ssmm salts of organic acnds, aliphatic amines, phenolics and’
- water. o . .
. ~ 33
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Turco 4502 a sehd compeund used in so]lutwn conta.mmg a,p=-
proximately 40% potassium hydrox1de 40% potassium- carbonate, plus
potassium permanganate, mhnbxtors and wetting a,gentso_ '

25% Nntrnc Acid - passwatlon trea.tment

‘ Prehm(mar%r bench scale studies by HAPO persennel ga,ve promns=
ing results. It was decided to modify thé process and. substitute
10% citric acid for the 25% nntrnc acid rinse.

- The cendntmns for the va,mous cyelles in the process are tabulated
in Table 10. ;

TABLE m Operating’ Conditions for Modified Turco'4501 Process .
_ . Residence Time at Temperature
sSolation .- 7 Temp. . (Minutes)

4501 : 210F 60
-Water flush — |

4502 (2 Ibs. /gal) < 2200F 60
Water flush Jp— |
Citric acid (10% by wgt:) 160°F 30

‘Continuous water flushes a,nd final treatment with NH40H te remove any
-mtmc acid remaining in the. Ioop

' The- mntnal deconta,mma,tnon treatment resulted in D F.s ranging

from 1.2 to 20.6 depending upon the location. . 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 Turco 4501 and the 25%
nitric acid. The actual ga.m?la. dose rates mea,sured in the two decenta,mma,= -
tions are given m Table 11. :

Cormsmn results from the July 1958 (II)_ decentamnnatnen mdn@a,ted
_that the weight losses  (mgs/dnf) on metal specimens. ram.ged from 10. 3 for
type 304 stainless steel (2s annealed) to 21.7 for Type 304 sta,mless steel .
- (as sensitized), to 590 for Type 410 stainless stee]l (a,s a,nnesled) - There
‘was. no evidence of caustic type.corrosionon any: of'the spe@nmens that
were examined. , .Meta,llurg%ca,l examination. of piping., removed after the

25 029
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TABLE 11 _ Fmal Results of. KAPL 120 Loop_ Decontammatmng (El. IY)

Turco' 4501 Process

August 1958 (IV)

Location of - July 1958 (III) Turco "4501" Process Plus
-Survey Turco- "4501" Process except :Repeat of the Turco 4501
-Point : for 10% Citric Acid Rinse ~ and 25% N1tr1c Acid: Steps

o In1t1a1 l?‘mal 2 ;‘Imtial Fmal : ,
(mr/hr) . (mr/hr). . D.F. (mr/hr) (mr/hr). D.F

Pump No. 1 4 S .

Outlet - 140 250 -=- . 250 100 - 2.5

Strainer 2200 230 9.6 230 130 1.8

Heat Exchanger 250 200 - 1.2 200 70, 2.9

Isolation Valve . 350 15 206 e i.-j-: -

' August 1958 (IV) decontammatxon did. not reveal any ev1dence of 1nter-=
granular corrosion, stress corros1on, cracking or crack propagat1on (32)

‘A major problem noted. w1th the use of the Turco' 4501 Process was
the excessive decomposition of the Turco 4502 solution. resultmg ina
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 Turco 4501 solution. Upon the addition of the
furco 4502, solution, a chemical reactlon takes place and the’ manganese _
dioxide is. formed This material has a scavenging effect, and much of the
dissolved. and suspended activity is probably adsorbed on its surface. The
removal of this material is then accomphshed by peptlzatlon (a process
which. resembles dissolution except the particles are of collmdal size
rather than molecular size) with the n}trlc acid solution. Unless the bulk
oof the 4501.solution is flushed out of the systém, an excessive amount of -
manganese d10x1de will be formed whlch may not all be d1spersed by the -
n1trlc amd :

4.4.1.4.4 Oak Rldge Fac111t1es .

The decontammatlon of reactor fuel processing plants at Oak R1dge
is achieved through the use of built-in decontaminating equipment. (33) A
solution of 30% nitric acid alternated with a solution of 20% sodium hy-
droxide and. 2% sodlum tartrate has been found to be successful in decon-
tammatmg the - "Thorex" .and "Purex" plants A solut1on of 3% hydrofluorlc
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acid and.20% nitric acid (3-20- reagent) is used when initjal treatments prove
ineffective. The effectiveness of 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 stamless steel in
boiling 3-20 reagent(35)

A sattsfactory method -of removing plutonium and fission product
activity in a homogeneous reactor was the use of a chromous sulfate
sulfuric acid solution (36), The solution, 0.4 molar Cr SO4 - 0. 5 molar
H9SO04, was used at 859C and with a contact time of 2-4 hours. "Stainless
steel corrosion rates va,rted from 200- 500 mtls/year for a 4. 4 hour con=
tact period. : . ,

Some care must be employed W1th the chromous sulfateésulturlc acid
- solution as it is easily oxidized by the atr Consequently, am mert atmos=
phere must be kept over the solutlon at all times.

4.4, 2 Ultrasomc Decontammatlon Methods

Ultra,sonic.cleaning ha,s, been used effectively to decontaminate
small objects. The object to be cleaned is. placed in a cleaning tank con-
taining a detergent liquid. A signal generator is then used to produce a
sound wave in the liquid. . During the rarefaction portion of the sound wave.
minute bubbles are formed throughout the bath. - During the compression
wave these tiny bubbles are compressed until they explode inwardly or im-

plode. The forming and imploding of these bubbles is tlie phenomenon known

‘as cavitation. In the immediate area of these _bubbles tremendous
temperatures and pressures. exist during the cavitation- cycle ‘The. combina-
tion of temperatures and pressures, coupled with the force of the 1mplosmn,
cleans the object. Work performed at Alco Products, Inc.. (9) indicated that
ultraeontc energy (40 ke/ sec) used in conjunction With Oakite No. 131 Cleaner
at 800F was ineffective in removmg actwa,ted corrosien product scale from
samples exposed to APPR=1 prlma,ry coolant conditions. However, it was
effective in removing activdted corrosion product scale from specimens’
exposed to the same coolant but at a lower tempera.ture and pressure

Henry (37) showed that thé use of ultrasomcs enha,noes ‘the effecttve=-
ness of a decontaminating solution. Small samples of contaminated piping
were decontaminated at levels of 20<50 kc/sec and at 1000 kc/sec Some
of the conclusions reported are as foliows:

1." . Ultrasonics are a,pprox1mately 50% to 80% effectwe in de- -
contammatton : , o

2, " The use of_ wate_r as a medium‘" has ;limit\e;_d‘teffectivenes;s;
3. The final D. F. of the sample u_fsirig a water bath can be in-
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creased further by contmumg ultrasomcs wnth a chem1cal de-
' contaminating. solutlon., . y

4. The effectiveness of an ultrasonlc system depends on the
method of coupling the ultrasonic source relatlve to the con-
tammated surface : .

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

SOOIt appears,, therefore, that ultrasonics may have some application in
decontaminating reactor facilities provided suitable methods can be found
to couple - the ultrasenic generators to the system.  The problem associated
‘with the decontamination of a large heat exchanger for mstance would in-
deed be formidable. :

4.4.3 Electrolytic Methods

- Huff (38) has reported excellent results in decontaminating stainless
steel metal surfaces. Surfaces as large as 4 ft. 2 have been decontaminated
- using current densities of 100-150 amp/ft2 with the contaminated item as N
.the anode in solution of either sulfuric or phosphoric dcid. Bennett(38) hasre- :

ported decontamination’ factors as hlgh as 3000 for Type 347 stamless steel
using a- 31m11ar method £ . :

4,4, 4 Other Methods. .

' Varlous methods have been proposed for decontammatmg
'plants and equipment, some of which have been adapted and used success-
fully. - While most of the adapted methods are excellent for their own par-
ticular application, their possxble adaptatlon to the decontamination .of a
.reactor system, in most cases, would require extensive engineering eval-
uation. - Sand blastmg has beern used effectively by ORNL to decontaminate
tank cars (40) * Abrasive slurries-have also been uséd with some success.

'~ However, it is 1mperat1ve 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-this operatxon it is not necessary to have

~ access to.remove the residual material since it will evaporate.. The scale
removed by the abrasive action of the selidified. CO9: can be subsequently
~washed out. The possibility of pumping: CO2 pellets’ and their effectweness

as an abrasive is still unproven.
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4, 5 Initial Screening of Chemlcal Agents Apphcable to APPR 1
Decontammatlon ,

Phase 2 of the APPR-1 Decontamination Program mvolved screening
.a number of chemical agents which, on the basis of available literature and
prior experimental work, might prove effective in removing activated corro-
~ sion product scale. Th1s was accomplished on a laboratory bench scale
. ~(Fig. 7) using samples of APPR-1 prlmary blowdown piping. These samples
- (Type-304 Schedule 80) had been exposed to the primary coolant for approxi-
mately 7 months. When used for experimentation purposes, these’ ‘samples
had decayed for approximately 4 months. Consequently,activity levels were
low/énough (1, mr/hr) to permit beta-gamma counting with a thin mica 'end-
" window tube connected to a Model 1091. Atomic Associates: Scaler.
- A sample was initially counted and then placed in a beaker containing

the primary chemical solution at a specified temperature. Temperature
- control-was + 30C and all solutions were exposed to the atmosphere durmg
‘the decontamination treatment. Agitation was provided by 4 mechanical |
stirrer. 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 completron of the treatments the ‘sample was.
~ counted again and.examined under a microscope for general’ appearance and

.evidence of excessive corrosion. A number of samples were submitted.for
metallographic examination. -Comparative results for the: dnﬁerent decon-
tamination solutions that were evaluated are given in Table 12, ~ An-initial .
caustic permanganate treatment followed by a nitric amd rinse gave the best -
results and mernted further mvestngatnon :

- Additional screenmg results obtained usmg caustic permanganate and
.various secondary rinses are tabulated in the- Appendix. . The experlmental
procedure was the same as that used to obtain the data in Table 12 - Due to
‘the number of variables involved, no special consideration was glven to
achieving duplicate results; consequently, only general conclusmns can be
made concerning this data. These are as follows P :

1. . The removal of the corrosion product scale with its. assocnate;i o
: act1v1ty by the caustic permanganate-rinse method is accom-’
. plished primarily by the secondary rinse phase of the treatment.:
- The causti¢ permanganate treatment removed only about 179
of the total activity removed (D.F. of 1.2).

2. In experiments w1th 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)

4?-‘5‘ L ﬂ(}B ’ 39
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Fig. 7

Laboratory Bench Facilities Used in the Screening of
Chemical Decontamination Agents
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- Sample

-No.

13

‘Primary Decontaminafion Solution
.Cone. Temp "Time
- Description byWgt. OF Mmutes D, F*

"FERLON" 1 lb/gal 1800

“Wyandotte i
‘ChemicalCorp". 190°
(caustic U
cleaner) - = - 200°

"FERLON"  21b/gal 190°

Wyandotte - . ,,
Chemic¢alCorp. .. 2000

(caustic o
cieaner) . 210°

"C.R.S." . 10% 1959
-Wyandotte o
-Chemical Corp

- (caustic
cleaner)

Oakite 21b/gal 180°
. "Rustripper" - :
4 | 2100

60
60
60
60
60
60

60

.30

150

22

£2

2

<2
2 -
<2

N.C.

N.C.

Secondary Dec'on-tammatlon-, Solution
_ - Conc.” Temp. Timé  Total
‘Description byWgt.- OF Minutes D.F.*

None
None A : |
None
Citric Acid 5% 185° 30  N.C.+
" .(reagent grade) _— .
‘Versene 1% 185¢ 30 N.C.
Powder (a) :
o 185°.. 30 = N.C.
-None -
Nitric Acid  10%(by- 205° 30 £2
-volume) , _
Oxalic Acid 5%- 185¢ 30 2

*D. F. =:Decontamination Factor = Initial Activity (net)

'fN,C,

= No changé .

Final Activity (net)

(reagent grade)

(a) Versene Powder -
a polyaminocarboxylic amd
chelatmg agent ;
: Dow Chemical Company
‘Midland, Michigan -
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Sample
-No.

38

39

38

39

38

. 39

Primary Decontammatlon Solution
Temp Time
- Description OF Minutes D.F. 5 Description

: Sodium

Hydroxide
Sodium
.Gluconate
TOTAL

Sodium
Hydroxide

-Sodium
‘Gluconate

TOTAL.-
Sodmm
Hydroxide
Soay

‘ ‘Glucona',te
" TOTAL

‘Sodium-
Hydroxide

-Sodium :

< Gluconate

TOTAL

Sodiu:ni

Hydroxide
‘Sodium

Gluconate
Nacconol
(wetting
‘agent).

TOTAL-

Qpa.rts

.Conc.
by Wgt°

9parts 200°

1 part

-31bs/gal

180°

- 1 part

31bs/gal

4 parts 200°

1 part
31bs/gal

4 parts 180°.

1 pai’t .

 31bs/gal

4 parts 200°
1 part -
1-1/2% 200°

31bs/gal

TABLE.iz (Continued)

30

30

30

30

30"

30

1.7

1.2 -

N;:Cg

N.C.

Secondary Decon‘taminaﬁtion Solution

Ni._tric Acid

Nitric Acid

Nitric Acid

Nitric Acid

.; . Citric Acid +

‘Versene
Powder -

Ammonium
Citrate

- Conc.
byWgt.,

10%

109

10%

4‘,5%,
- 1/2%
5%

(reagentgrade) -

Temp

OF

'10%(vol.) 200°
200°

- 2000

200°

200°

200°

. Time

- Minutes

30

.30 ..

30

30

00

30

Total

D.F.

1.4

1.2

1.3

) 0 SR

1.1

1.1



Sample -
No.
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TABLElz(Commme®

" Primary Decontamination Solution

- Description

- Sodium

Hydroxide
Sodium -
Tartrate

-deium .
Hydroxide
-Sodium -

Tartrate,

. Oxalic Acid

) : _Sodiﬁm»

.Hydroxide-

_Potassium

by Wgt..

‘:20%
20%
. o

5%

Permangandte 2. 5%

-‘Sodium

Hydroxide
Potassium

5%

Permanganate 2. 5%

1950

'205°

205°

205°

--Conc. . Temp Time: .
OF Minutes D.F.

30

30

30

30

30.

1.1

N.C.

1.3

N.C.

N:. C.

.Secondary Decontamination Solution

Dés‘cription " by Wgt.

Nitric Acid

Water

None

Nitric Acid.

. Nitric Acid

Conc. -

' 10%.

10%

5%

- Temp
OfF

195°

1950 -

185°

205°

‘Time Total
Minutes  D.F.
30 1.5
30. 1.3
30 - 10
- 30 . 10 _



3. In ez&periments with 10% nitric acid and caustic permanganate,
a residence timé'(exposure time) at a given temperature for
the secondary rinse beyond 30 minutes did not appreciably
increase the decontamination factor (Fig. 8-B).

4, - A comparison of the various acid rinses used to remove the
-activity indicates that all were effective in removing activity.
This may indicate that these rinses removed the actwnty by
the same mechamsm (Table 13).

5. . There was no a,pparent dnﬂerence in the effectiveness of the -
decomammatmn in the rinse solution tempera,ture range from
185 to 205°F. (’I‘able 13) , :

6. A chelating agent such as Versene a,ppears tc» increase the
effectiveness of the rinse solution.

TABLE '13 Effect of anfereht Rmses in Decenta,m’matmn with Caustic
Permanganate At 1,850 to 2050F for 30 Minutes :

X represents a sample tested

Secondary Solution.Rinse for 30 Minutes ‘ Total
. , : Ammonium Samples
‘Nitric Acid © Oxalic Acid .'Cii;ric Acid Citrate . Tested.

Fmal De= 4
_ contamination . S R o
. Factor ©185%F 205°F 185°F 205°F 185CF 205°F 185°F 205°F
‘Excellent (50 L R A
‘or greater) X XXXX X X ‘ X 8
Acceptable , - _ - . :
(20-49) | XX XX X - X X 7
:Not Acceptable | g
(less than 20) XXX -, o XX L X 6
TotalSamples . o . - 4
‘Tested 4 6. 5 11 1 1 2 21

Visual examination of the samples revealed ne evidence of deleterious
effects as a result of the caustic permanganate decontamination treatment.
There was some evidence of dlscoloratmn on several samples, but this was
thought to be due to impraoper washmg of the sa,mples after the: deconta,mmatwn :

46
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_ treatment. Metallurgwal evaluatlons of 'several representatwe samples were -
‘not conclusive. Unfortunately, the original as received samples possessed
numerous die marks as a result of the drawing operation during manufacture.
(Fig. 9). - An attempt to circumvent’ thlS 1limitation by statistical inference

.using the Poisson. D1str1but10n (no. of pits/unit length) did not resolve the
problem 4

-A.dynamic autoclave corrosion test was performed to determme the
,".magmtude of corrosion for the caustic'pérmanganate- rinse: deeontammauon
_treatment (Flg 1).;A10%oxalic acid rinse was followed by an addltional
treatment of 10% nitric acid. The oxahc acid would be expected to result
in the highest corrosion raté on stainless steel while the nitri¢ acid would
be expected to resulf:in the:least. The conditions and results: ‘of :this test.
are given in Table 14, ' T

TABLE 14 Dynamlc Autoclave Test Results (1 m Caustlc Perman‘ anate -

1. Caustlc Permangana'te for 60 minutes at 185°F drain,
2.- Demineralized water for 15 minutes at 75°F, dram o
3. Oxalic acid (10%) + 1% Versene. Powder for 30 mins. at 175°F dram
4. Nitric. acid (10%) for 60 minutes at 175°F, drain. .
5. Demmerahzed water for 15 -minutes at 75°F drain.
.Weight Loss :Results
' _ Heat - :Steps 1-3 . , -Steps 4-5
Material Treatment - . »,mgs/ dm2 mils penetratlon mgs/ dm?2 mils penetratlon :
Type 304SS Annealed - 18.6 ‘ '.009 : 5.4 .003. -
' o “20:1 -..010 . 5.9 .003
Type 304SS . Sensitized. 63;.»,;9 .032 13.2 . 007
' " ‘l0'mins.at’- - 581 .029 15.5 .. 008
1200°F S : b ‘ ‘
air. cool " B

The corrosmn results above indicate that the welght loss for steps 1- 3
was almost four times as much asthe nitric acid and water rinse (steps 4-5). -
The weight loss resuits for the sensitized stainless steel" was between two
and three times as much as the annealed stainless steel. “However, it was
~ not felt that the observéd results were excessive. Metallurgical exammatlon
of the anneéaled and sensxtlzed stainless steel specimens indicated no evidence

of mtergranular corrosion or: other deleterlous effects (Flgs 10 11) '

The three seconda_ry rlnses: oxallc.ac1d, ¢itric 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

49
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as it was felt that the d1ffmu1ty assoclated with the storage and handling
of this .chemical would make décontamination ‘with nitric acid impractical;
-partlcularly ina. small package type reactor Where space ¢conomy is

paramount

50" 4n 041



G LS _‘__7_‘" = S i S oy

100 X Ozxalic Acid Etch

N AR

100 X Oxalic Acid Etch

Fig. 9 Photomicrograph of Type 304 Stainless Steel Pipe
Top: 12846-C Sample as received
Bottom: 12846-A Sample exposed to caustic

permanganate-ammonium
citrate treatment
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500 X Oxalic Acid Etch

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
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500 X Ozxalic 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

r.J
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APPENDIX TABLE I ‘
.Evaluation of Caustlc Permanganate Decontammatlon Treatment - 5% Sodlum Hydroxxde 5%
. Potassium Permanganate ("CP55") at 205°F for 30 Minutes; Schedule 80. .

Type 304 Stamless Steel P1pe Removed from: APPR-1 Blowdown Line -

Secondary Decentammatlon Solution

-Sampleé »"CP55“ »%Conc Temp Time -Total

No. . D.F. - Déscription  byWgt. ~ °F . Min. DF. REMARKS
40 .{1_.3 NifricAcid  10%(vol) 205 30 16 .« - - -
41 1.4 Nitric Acid  10%(vol.) 205 . 30 .~ 12 30 minute water rinse
SR : o ' ‘ o prlor to nitric acxd rinse
47 1.1 Nitric Acid - . 10%(vol.) 205 20 6.3. 10 minute water-rinse
‘ ~ ' ' - - prior to nitric acid rinse
42 1.4 Oxalic Acid 5% 205 "2 . 15. . Samples removed and
. ' : - 17 27 -counted at indicated
22 - 31 times
-30 35 ‘
43 1.3 . Ammonium 5% - 206 2 7.7 Samples removed and
. . Citrate ' _ 10 © 9.9  counted at'indicated
: : . 20 11 times” :
| 30 12 ’ .
58 1.3 . Citric Acid  10% . 195 30 11 "CP55"exposure time

of .60 minutes
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APPENDIX TABLE II .

Evaluation of Caustic Perrridhganate Decontamination Treatment 10% Sod1umHydrox1de, 5%
Potassium. Permanganate("CPlOS") at- 185°F for 30 Minutes "

-Sample

2 Z e
aa aMNw

"CP105"

“D.F. .

1.1

Secondary Decontammatmn Solutlon
Temp

: %Conc

- Description - by Wgt:

_Nitric Acid 10%@01,)

Nitric Acid 10%
Nitric Acid 10%
Oxalic Acid 5-

; *Versene Powder 1/2

!'

C1trlc Ac1d B "-5'
Versene Powder 1

. Citric Acid 5
-Nitric-Acid ~ 10

Nitric Acid 10

Nitric Acid 10

°F

'185

185

205
185

205 = .

185

- 175
175 -

75

75

.5

Total

Time
+'Min. ..D.F.
30 >50-
30 5.4
30 >50
30 34
30 17
30 - 2> 50
15 3.2
15 "3.8
.5 7.0 -
10 7.3
20 - 11
30 12
60 14
4.4

10 4.8
20 5.8
30 7.2
60 7.7

‘REMARKS

~ No agitation

"CP105" exposure time of-

60 minutes ‘at 195°F

. "CP105" at 195°F
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APPENDIX TABLE Im- ' o
. Evaluation of Caustlc Permanganate- Decontammatlon Treatment 10%-=Sodlum Hydrox1de 5%
PotasswmPermanganate("CPlOS") at 205°F for 30 Minutes "~ ‘ . '

~ Secondax;y Decontammatlon Solution
P105" - %Conc. . Temp.. Time  Total

‘Sample ~"‘C o '
‘No; “D.F. :Description  byWgt. ©OF  Min. D.F, REMARKS
11,24 1.6 Nitric Acid 10% (vol) 185 30 17
8 N.C.  Nitric Acid . 185 . 30 15
12 15, 25 1.2 Nitric Acid 10 205, 30 >50
46 ' 1.1 .Nitric Acid 10 ~205 20 . 5.8 10 min. Water rinse prlor
: ' 4 to nitric acid '
19 N. C " Nitric Acid 10 .-205 10 . 19
55 = 1.1 ‘Oxalic Acid 10 120 - 30 17 "CP105' exposure time 60 min.
.54 1.1 .Oxalic' Acid . 5 - 75 30 9.1 'CP105" exposure-time 60 min,
48,50 . 1.2 Oxalic Acid 5 185 15 19 "CP105"exposure time 20 min.
49 1.1 .Oxalic Acid 5 - 185 15 - 22 'CP105"exposure time 20 min..
T . ' ' ‘ and 5 minute water- rinse pr10r
: ' P : S - to oxalic acid
36 . - Oxalic Acid: 5 . 185 30 . >50-
- . .-Versene Powder .1/2 . E
37 - . Versene Powder 1/2 205 30 >50
16 1.3  Sodium Oxalate 5 - 205 = 30- 1.3
21 1.5 Citric Acid - 5 185 15 15
' S .- Versene- Powder 1 . . ' : .
26 - ' M P 185 30 35 Versene did not all dissolve
27 T 205 - 30 49 S
32 - Ammonium - SR 4' :
: Citrate "5 185 . 30 23
33 - " -5 205 30 6. . o
22 - 1.9 .Citric Acid- 5 - 200 30 20 "CP105 at 210°F"
' Versene Powder 1 - _
17 1.1 Oxalic Acid . 5° 205 30 24 "CP105"at 210°F
: ‘ Versene Powder-1/2 - T :
18 1.1 Ammonium R ;
‘ .Citrate. 5 - 205 30 > 50. "CP105 at 210°F

22 - Nitric Acid 10 75 30 5.3 - 'CP105"at.750F
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