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ABSTRACT

T

" The caustic permanganate rmse decontammatmn treatment was" m-
vestlgated Loop and- metallurglcal studies were: ‘performed to determine
.optimum operating: conditions as.well as the metallurgical effects of the -

_«treatment A-treatment with 10 percent sodmm hydroxide and 5 percent
.potassium permanganate. solution followed by a rinse with a 5. percent-
ammonium:citrate, 2 percent citric.acid and 1/ 2'percent Versene solutmn

" was chosen for the decontamination of a stainless steel steam generator

o Decontammatlon factors of greater than 50 were. obtamed in loop ‘tests

.using-the above treatment. . Corrosion and metallurglcal results md1cated
a total penetration of less than 0. 01 mil on annealed: Type 304 stainless
_steel Wlth no evidence of any deletermus effects —_
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1.0 INTRODUC TION

The major problems-associated with the bulldup and removal of activated
corrosion products in nuclear facilities were reviewed in Volumel of this re~ -
port.” It was concluded that from the standpomt of accessibility and practicality,
chemical-decontamination .offered the most feasible methodof decontaminating
large facilities. Preliminary studies_indicated that a- caustxc permangana;te=
rinse treatment may be an effective chemical method of removing activated
.corrosion product scale. Nitric acid, oxalic acid,  citric acid,and-ammonium
citrate were found to be effective rinses. Nitric amd was not given further
consideration because of the hazard involved in handhtg the chemlcal Limited
corrosion information on the decontammatlon treatment indicated no evidence
of intergranular corrosion. However a further evaluation of the caustic per-
manganate-rinse treatment was deemed necessary

An 1nvest1gat10n of the. 1mportant parameters of the caustlc permangan=-
ate-rinse decontamination treatment was conducted. These parameters (con-
centratlon, temperature, flow rate, and residence t1me) were evaluated in a
decontamination test loop. The results of short and long term corrosion and
metallurgical tests are. given, as are the results of two simulated APPR-1
decontamination tests. Post decontamination effects ((welght loss and activity
-pickup) are also presented m this report :

2.0 'OBJECTIVE | ,

. An inVestlgatlen'of the caustic permanganate-rinse decontamination
treatment and its. app11cab111ty to the decontamination of a stainless steel
steam generator.

3. 0 SUMMARY AND. CONCLUSIONS

It was found that a caustic permanganate solution followed by a rinse
solution of either oxalic acid, citric acid, or ammonium citrate was effective
in rémoving activated corrosion product scale from stainless steel. The
oxalic acid was eliminated from final consideration because of the excess gas

.formation observed in loop tests and the resultant danger of pump cavitation.

A caustic permanganate solution, consisting of 10 percent sodium
‘hydroxxde and 5 percent potassium permanganate (by weight) was used at.”
225°F for 30 minutes and found to give satisfactory decontamination results,
when followed by a rinse solution. . Radiochemical analysw indicated that ap-
proximately 75 percent of the manganese-54 activity was removed by the .
.caustic permanganate solution. It also appears that the major part of the.
chromium-51 and iron-59 activity is removed by this solution. The cobalt-60
and cobalt-58 activities are removed by the rinse solution.

An ammonium citrate concentration of 5 percent was found to be an
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optimum concentration for decontamination. Treatment at a minimum temper-
ature of 220°F for-at least 30 minutes was required for effective removal of
activated corrosion product scale. Hqwever, the extent of decontamination
was found to be dependent upon flow velocity.

A citric acid concentration of 5 pezfcent was also found to give satis-
factor decontamination. A complexing agent (1/2 percent Versene) was added
to. enhance the complexing power ‘of the solution. The minimum temperature
required for effective decontamination was found to be approximately 170°F.
Unlike the ammonium citrate solution, the extent of decontamination was not
found to be dependent upon the flow velocity of the citric acid rinse solution.
It was also found that the decontamination was increased when the contaminated
metal surface was allowed to dry prior to the addition of the citric acid rinse.

The decontamination treatment with citric acid as a secondary rinse so-
lution resulted in higher corrosion rates on sensitized stainless steel. - The
addition of 2 percent citric acid to 5 percent ammonium citrate resulted in
less corrosion on sensitized stainless steel than was observed in the case of
5 percent citric acid.- It was also found that the flow rate dependency was re-
duced as a result of the addition of citric acid. Since the main constituent of
the combination solution is ammonium citrate, a temperature of 2200F and a
residence time of 30 minutes at this temperature was chosen for the solution.
This solution is most applicable as a secondary rinse solution for steam gener:
ator decontamination. A decontamination factor of 84 was obtained on Type
304 stainless steel tubing exposed to the caustic permanganate-citrate combi-
nation solution decontamination treatment during a simulated APPR-1 loop
test.

The corrosion results (mils penetration) for the caustic permanganate-
citrate combination solution treatment, based on a 30 hour exposure time,in-
crease in the order: Inconel (0. 002), annealed Type 304 stainless steel (0.008),
sensitized Type 304 stainless steel (0. 017), Babcock and Wilcox Croloy 16-1
(0. 029), and AISI C1010 Carbon Steel (0.182). For stainless steel, it was
found that increasing corrosion resulted in greater decontamination.

There was no evidence of any cracking or any significant amount of in-
tergranular corrosion or localized attack on any metal specimens exposed in
loop, dynamic autoclave, and static autoclave tests. Evidence of possible
crevice corrosion was found in the root area of weld specimens subjected to
long term static caustic permanganate solution at 77°F (250C) and 1220F (500C)
for eight weeks. There was no evidence of crevice corrosion on weld samples
exposed in the same solution at 203°F (95°C) for four weeks. -The root area of
the APPR-1 steam generator tube to tube sheet weldment would not be subjected
to any solution during decontamination.

Activity buildup and weight loss on metal coupons re-exposed in the
APPR-1 primary purification system following decontamination by the caustic
permanganate-rinse method were found to be less than new metal coupons.

4
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4.0 EXPERIMENTAL DECONTAMINATION LOOP
4.1 General Description

A chemical decontamination test loop of 7-gallons total volume was fabr_i-
cated in the Nuclear Power Engineer ing Laboratory of Alco Products; Inc.,
(Fig. 1). The loop was designed to allow replacement of a section Wﬁih a con= -
taminated section exposed in APPR-1 (Fig. 2). Most of the loop was ‘constructed
from Type 304 stainless steel. "Some of the components and a flowmeter were
constructed of Type 316 stainless steel. A 5-gallon fill tank located above the -
highest point in the system, was used as a pressurizer tank during loop operation.
A 15-gallon stainless steel vessel was used for mixing the chemical solutions.
The solution was then pumped into the fill tank where, if necessary, it could be
heated before filling the loop (Fig. 3). The loop was filled by either gravity or
by applying nitrogen pressure to the pressurizer from a gas cylinder. During
the filling operation, the loop was bled at -.its highest point to eliminate trapped
air. A circulating pump was used to maintain the desired flow rate throughout
the contaminated section of the loop. To raise and maintain the temperature of
the system, Calrod type strip heaters were utilized along the piping.

For sampling during operation of the loop, a Hagen Industrial Cooler
(Model WC110) was used. A Brooks PurgeMeter{Model 1350V) was installed to
control sample flow. This sampling system was also applicable for evaluating
- a'feed-bleed type of operation. Instrumentation was also included for measuring
and controlling temperature, loop pressure, and flow rate. A 1x}inch sodium
iodide (T1) gamma scintillation crystal, placed over the contaminated section,
was used to determine the radioactivity at any time during a loop test.

4.2 Design Characteristics
_4,, 2.1 Pump

A Chempump, Model S 3/4 HP, centrifugal pump with a flow range of
0-16 gpm was used to circulate the chemical solutions. This type of pump was
selected to prevent any leakage of the chemical solutions at the pump. The
pump was fabricated entirely of stainless steel with the exception of the bearings.
These were fabricated of Graphitar No. 14, a compressed, pure carbon material.
After approximately 15 hours of pump operation, a fine suspension of black partic-
ulate matter was found in the waste solutions. Upon disassembling the pump,
it was found that the bearings had been eroded to such an extent by the caustic
permanganate-rinse decontaminating solutions that they could no longer be used.
. Fig. 4 is a photograph of a new bearing (Top-Left) compared with the bearing
removed from the decontamination loop pump after 15 hours of operation (Top-
Right). The Graphitar No. 14 bearings were replaced with Type 304 stainless
steel bearings (Fig. 4 {Bottom-Left) provided with removable Teflon sleeves
( Fig. 4 Bottom-Right). All metal to Graphitar contact was therefore replaced
with metal to Teflon contact. The Teflon sleeves could be replaced if excess wear
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.on the: part should warrant such replacement

In larger ‘canned rotor pumps, 1t is poss1ble to flush the bea.rmgs ‘with
,,demmerahzed water. In this manner;, it is possible to maintain the concen- -
-tration of the decontamination golution: in the vicinity of the’ bearmgs low ‘enough
to prevent oxidation or other effects by the solution.
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Fig. 1

Decontamination Test Loop Assembfy Drawing




THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



Sample Section [

| ;];f | e |

Fig. 2 - Photograph of Decontamination Test Loop
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Fig. 3 - Photograph of Mixing Tank, Filling System, and Pressurizer
for Decontamination Test Loop
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New Graphitar No. 14 Bearing Graphitar No. 14 Bearing After 15
Hours Exposure to Decontamina-
tion Solutions

Replacement Stainless Steel Bear- Teflon Insert
ing

Fig. 4 - Photographs of OriginalandReplacement Bearings for Circulating Pump
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4.2.2 Flow Rate

The loop was designed to obtain a liquid velocity of 10 feet per se-
cond. This value was based upon an estimate of the pump size that would
reasonably be available to decontaminate a large nuclear facility such as
the APPR-1 steam generator. That facility would require a 4000 gpm
pump to achieve a flow velocity of 10 feet per second through the heat ex-
changer tubes. '

A Brooks rotameter was used to measure flow (gpm) in the loop.
Two interchangeable floats were used; the first was used in the range of
0.5 gpm to 7.0 gpm, the second was used from 4 gpm to 16 gpm. Fluid
velocity (fps) through the sample section of the loop was determined from
flow rate and the cross section of the sample.

4,2,3 Temperature and Pressure

Preliminary bench-type screening results indicated that satisfactory
decontamination results could be achieved at relatively low temperatures
(185-205 OF ) and . pressures (atmospheric) utilizing the caustic perman-
ganate - rinse decontamination treatment. This treatment, if practical,
would thereby eliminate the hazard and expense associated with a high
temperature and pressure system. The maximum loop temperature was
therefore fixed at 300°F, and the maximum pressure established at 100
psig. This pressure was sufficient to prevent any boiling at the maximum
temperature. For safety purposes, a relief valve set at 100 psig was in-
stalled in the system.

Loop heat-up time and operating temperature were controlled by a
Partlow (Model L) controller with individual on-off control for each
heater. With this control system, the temperature was maintained with-
in +5 © F of any set point. A Minneapolis-Honeywell temperature in-
dicator and a 12-point thermocouple switch were used to monitor the
temperature at various points throughout the system. A small single
pass heat exchanger was used to cool the solution in the loop to safe drain-
ing temperature.

4.2.4 Contaminated and Corrosion Sample Section

The loop was designed with provisions to evaluate corrosion and de-
contamination effects of the solution. The major part of the decontamina-
tion evaluation phase of the program was performed using 14-inch lengths
of Type 304 stainless steel 3/4-inch 16 Gage BWG tubing.

The tubing was installed in the sample section of the loop with two
modified Swagelok female connectors. With this installation, the tubing
was an integral part of the loop.

15
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For corrosion studies, 3 1/2 x 1/2 x 1/16 - inch coupons of various
metals were used. A specially fabricated coupon holder of Type 304
stainless steel was used to hold the coupons in the loop (Fig.5). The holder,
with provisions for 18 coupons, was placed inside a 15-inch section of 1 1/2-
inch Type 304 stainless steel pipe installed in the loop with two Cooper Alloy

‘Quickupl connections. Its physical location in the loop was identical with the

tubing, making it part of the loop.
4.2.5 Counting of Contaminated Samples

A 1x1 -inch sodium iodide (T1) gamma scintillation crystal coupled to
a photomultiplier tube was used to measure the radioactivity emanating
from the contaminated sample section. The counting unit was connected
to an RIDL scaler (Model 2001) located on the loop control panel. The
crystal unit was placed in position approximately 2 inches over the con-
taminated section and inside a lead shield. A piece of asbestos was placed
between the crystal face and the contaminated section to reduce thermal
effects on the crystal. Lead bricks were used to inclose the entire sec-
tion and to reduce background radiation. With this counting arrangement,
the residual activity of the sample and the activity in solution near the
sample could be measured at any time during a loop test. When the loop
was drained, the activity due to the sample was determined.



Fig. 5 - Photograph of Stainless Steel Sample Holder
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9.0 SOURCE OF CONTAMINATED AND CORROSION TEST SAMPLES
5.1 APPR-1 Primary Purification System Modification

In Volume I of this report, it was shown that metal samples expos-
ed in the APPR-1 primary purification system at reactor operating con-
ditions acquired a much more tenacious corrosion product scale than
samples exposed at a lower temperature and pressure. Consequently, a
revision was made to the APPR-1 primary system purification blowdown
line to incorporate fifty feet of Type 304 stainless steel 3/4-inch 16 Gage
BWG tubing and two additional sections of 1 1/2-inch flanged pipe to con-
tain two coupon sample holders. The sample holders were identical to
the one used in loop decontamination tests shown in Fig. 5. The sections
of tubing and flanged pipe are shown in Fig. 6 and Fig. 7, respectively.

The purification system modification was used to supply contaminat-
ed samples for use in loop decontamination studies. The tubing was
identical to that in the APPR-1 steam generator and represented, except
for actual removal of sections of the steam generator, the most practical
method for evaluating the effect of chemical solutions on steam generator
surfaces. The metal coupons were removed during plant shutdowns, care-
fully wrapped in filter paper, and shipped to Schenectady. The coupons
were counted, washed, and recounted before use in loop decontamination
studies.

A section of tubing was also removed during these shutdowns.. The
tubing was cut into 3 1/2-foot lengths and shipped to Schenectady for use
in the evaluation of decontamination parameters. After decontamination,
representative samples of tubing and metal coupons were submitted for
metallurgical examination. The remainder of the metal coupons were
reinserted in the APPR-1 purification blowdown line for post decontamina-
tion exposure and subsequent corrosion rate and activity buildup studies.

5. 2 Type and Heat Treatment of Metal Specimens

The 31/2x1/2 x 1/16 - inch specimens exposed in the APPR-1
purification blowdown line consisted of Type 304 stainless steel (annealed
and sensitized), Babcock and Wilcox stainless steel Croloy 16-1 (a modi-
fied Type 430. stainless steel), and low carbon steel.

The Type 304 stainless steel coupons were fabricated from 1/16-inch
thick flat stock in the annealed condition. The sensitized specimens were
prepared by heating the specimens in a furnace at 1200°F for 10 minutes,
followed by air cooling. The oxidation scale was removed by polishing
with fine emery paper. All Type 304 stainless steel specimens possessed
a 35-40 RMS surface finish.

19
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The Babcock and Wilcox Croloy 16-1 specimens were fabricated
from a 3/32-inch thick stock that was not heat treated by the vendor.
The stock was initially machined to the correct width and length with
the thickness 0. 07-inch greater than specification. The specimens
were than heat treated at 1700°F for one hour and air cooled, followed
by reheating at 1300°F for one hour with a slow furnace cool to below
600°F. The specimens were than machined to the correct dimensions
with about a 60 RMS surface finish.

The carbon steel specimens were fabricated from Alco Products
Specification 30090 carbon steel strip. The material was in the hot
rolled condition and chemical analysis indicated 0. 076 percent carbon
and 0. 50 percent manganese. This material meets the specifications of
AISI C1010 carbon steel.
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Fig. 6 - Photograph of Installed Section of Type 304 Stainless Steel Tubing -
APPR-1 Primary Purification System
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Fig.T - Photograph of Installed Section c¢f Flanged Pipe Containing Coupon Sample Holders
APPR-1 Primary Purification System
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' PART I- LOOP DECONTAMINATION TESTS
6. J DISCUSSION.OF: RESULTS

Prehmmary screening results are presented in Volume I of thls
freport They indicated that a primary solution treatment of caustic
permanganate (10 percent sodium hydroxide and 5 percent potassium
permanganate) followed by a rinse of either nitric acid, oxalic acid,
citric acid, or ammonium citrate was effective in removing actwated
corrosion product scale from stainless steel surfaces. Approximately
50 loop run tests were performed to permit a more complete evaluation
of the caustic permanganate-rinsetreatnients ;:This:idcluded:the.determina-
tion of such parameters as concentration, temperature, flow rate, re-
-sidence time and any others that may have appeared during the course
of the work. Approximately 12 loop test runs:were made with metal
- test specimens. The maJorlty of these specimens were new; however
a number of contaminated specimens were used to evaluate relative
‘decontamination of various metal surfaces. Finally, two simulated -
APPR-1 decontamination tests were performed to obtam corrosmn and
'decontammatmn mformatmn — :

A typical. act1v1ty proflle for a. loop run is shown in Flg 8. During
the caustic permanganate (primary) solution phase of the decontamina-
tion there is some decrease in activity. There is another small de- .
.crease during the first water rinse phase With the addition of the se-
condary solution rinse, there is a rapid decrease in activity. As’ wﬂl

" .. subsequently be shown, the rate of activity removal is highest at the

critical temperature of the solution. A final water flush is used to re- .
move any solution remaining after the: secondary solutlon rinse phase '
of the decontaminatlon treatment

6. 1 Decontammatmn Express1ons

The effects of the var1ab1es 1nvolved in the decontammatlon, e, g
g temperature flow rate, residence time, were all evaluated in terms of’
‘one common measurement viz., decontammatmn achieved. - While .
there are many ways;of’ expressing decontammatlon, two expressions
*  were used in this investigation. These were Qecontammatmn factor

. (D. F. ) and background factor (B. F.). : g

6,.15.1 Decontaminati_ont_Factor N
‘The decontamination factor is defined as follows: Net* ~Initia1 Activity .

. Decontamination Factor (D.F.) = - .
T Net Final' Activity

* Gross Activity - Background - L
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- As shown.in'Fig. 9, a:D.F. of 100 refers to 99 percent activity re-
moved while'a D. F.. of -5 refers to' 80 percent activity removed. How- -
ever, a:D. F. of either 5.or 100 may ‘indicate- satlsfactory decontammatmn
.depending upon the initial activity.

TABLE 1: Comparison of Various: Decentamination : Factors

. Case -D.F.. - - .NetInitial Activity Net Final Activity
‘ - : ‘ ' Units - . Units -
1 5 - . 7 5,000 - 1,000
2 5 - - -~ 500 0 100
3 100 S 100 000 1,000
4' 100 S 10 000 : ~ 100

- The:hypothetical D.F. values shown .in Ta,ble 1 are demgned to pomt 4
out the limitation of reporting decontamination efficiency in terms.of D. F.
only. - A D.F. of 5 was.obtained in case 1 and.2, but the final activity of

.case 2 was.one-tenth that of case 1. Theé:D. F. m cases 3 and 4 was 100,
~and the final activity in case 4 was one-tenth that of case 3.  Since the

purpose: of decontamination is to permit maintenance of a nuclear- fac111ty,
the final activity measured is as important as:D. F. . Consequently, the

final activity should be reported together with.D; F. --The initial activity
. -should-also be reported if there is -considerable variation from sample to .
.sample ~In the present investigation, all contaminated metal surfaces

used.in decontamination tests were scrubbed with soap and ‘water to re-
move-all loose activity. - As a result;, only the tenacious film remained.

. The: act1v1ty -of all such tubing sections was -approximately: the same, i. e,

35,000 to 45,000 gamma counts per minute.-
6,‘1., 2 Background Factor |

- An additional expression of decontamination efficiency was used dur-
ing loop tests. This expression, termed "background factor" is a measure

.of the activity remaining above background. at the end of a decontammatmn
treatment. It 1s defmed as follows

Net Final Activity .
-‘Background .

} Background Factor{(Bt F.) =

'I"his..measurement is independent of initial activity but does. depend

very strongly on the background. To compare a series of runs using
'B.F. as.a measurement, the background must be relatively: constant for
-these runs.. If the background varies greatly, the value of B. F. can be



.‘.mlsleadmg, as. shownL below

_«Case’ ‘B.F.. Net Fmal Act1v1ty ‘ B‘Ba.ckgrq_und

1 .10 - . 1000cpm  *.100 cpm
s2-7.b ' 1000 cpm - 200 cpm

, In both cases the. fmal act1v1ty is the same but the.value of B -F.

is 1nconsistent Consequently, for loop studies an average background
. 'was used. With the exception of two loop tests, all background values
" were within: 20. percent of the average value.. All values of net fmal :
act1v1ty were referred to this background, i e ‘

-B..F. = Fma.l Activity - Actual Background
. Average Background oy
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6» 2 Concentra.tion of Chemical Agents '

Prevmus data from Volume 1 of th1s report have shown that a caus-

tic permanganate solution consisting of 10 percent sodium hydroxide and

5 percent potassium permanganate gave satisfactory decontamination re-
sults when followed by a rinse solution of either nitric acid, oxalic acid,
citric acid, or ammonium citrate. The concentration of nitric acid varied
from 5 percent to 10 percent by volume. However, due to the difficulty in-
" volved in the handling of this ‘chemical, loop decontammatmn tests were
performed using oxalic acid, citric acnd and ammonium citrate. A 5 'per-
cent oxalic acid rinse was used in two preliminary loop tests following an
initial treatment with caustic permanganate. During the rinse phase of the
treatments, considerable gas was evolved and resulted in some pump cavita-
tion. This gas, probably carbon dioxide, was thought to be due to the re-
action between the manganese dioxide in the loop and the oxalic acid. As..

c.oa resu}lg, oxalic acid was not considered as a potential rinse in subsequent
" " looptests. .The ma]ornty ‘'of the loop tests were performed using citric

acid-Versene*, ammonium citrate or @ combination of the two as secondary
solution rinses. :

6.2.1 . Caustic Permé.nganate

The sodium hydroxide and potassium permanganate used in loop tests-
were reagent grade purity. This purity was chosen in order to avoid the
introduction of any foreign materials, notably halides, mto the'loop. Three
gallons of solution were used in the loop tests. : The solutnon Was prepared
in a 15-gallon mixing tank provided with a high-speed mechanical stirrer.
The required volume of demineralized water (resistivity of greater than
100, 000 ohm - _cm) was first added to the tank. While the water was being
vigorously agitated by the stirrer, the required amount of sodium hydrox--
ide- {5 percent by weight). was added The sodium hydroxide is quite
soluble, and.complete solution can be achieved within 15 minutes. After
approximately 5 to 10 minutes, the required amount of potassium perman-
ganate (5 percent by weight) was added. The delay in the addition of the
potassium permanganate is made to take advantage of the greater solu-
bility of the chemical at higher temperatures (due to the heat of solution
of the sodium hydroxide). The solubility of potassium permanga,ma.te ]U!%
water varies from 6. 4 gms/100 cc at 20°C to 25 gms/100 cc at 65°C. 1)
With vigorous agitation, complete solution of the permanganate was ac-
hieved within.15 minutes. At this stage the solution possesses a purple
color and the pH is approximately 12. 8. : , \

' I

During eight loop runs with the caustic permanganate - rinse (citric
. acid-Versene and/or ammonium citrate) treatment, samples of the caustic
* Versene'is.atrade name for products of the Dow Chemical Company,

Midland, Michigan and is associated with the salts of ethy]lenedlamme-
tetraacetic acid (EDTA). 33



permangana,te were periodically, removed and analyzed for percent caustic and-

permanganate. The caustic was determined by titration with standard acid usmg

a pH meter to determine the end pomt The permanganate was determmed by -

first acidifying a known aliquot of ‘solution with sulfuric acid. - This solution was

then heated to 80= 90°C on a hot plate and titrated with standard sodium oxalate - =

to'a clear end-point. - The results indicated that-the concentration-of both caustic .

and permangana,te did not decrease by more than-20 percent (10 percent to-8 per-
cent and 5 percent to 4 percent by weight respectwely) during this.phase of-the -
loop run.” The average decrease in both cases was approximately 10 percent.

- This: change -may have been 'due to some prehmmary decomposxtxon of the: potas=- :

sium permanganate to form manganese d10x1de
6.2.2 Secondary: solptmns

.The citric acid and ammonium citrate used in loop tests were also of re-
agent grade purity. The concentration of the citric acid was 5 percent except for
the citric acid-ammonium citrate combination solutions where the concentration
varied from 2 percent to.5 percent. The ammonium citrate (dibasie)’ varied from
5 percent to 10 percent except for the combination solutions where the concentra=-
tion varied from 2 percent to 5 percent. The concentration of the solutions was -

~changed in order to vary the acidity (pH) and to determine 1ts effect on decon-

tamination a.nd corrosion. . i ’ ) L e

All secondary rmse solutions were prepared by ‘addition of the requnred
amounts (percent by weight) to 3 gallons of demineralized water. No waiting
period was necessary and with vigorous stirring a.clear solution was obtained

within a matter of minutes. The measured initial pH of the varmus solutmns
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used 'in loop tests is given below:

‘Solutic»n . . pH. o ~-Rema,rl§s
| 5% Citric Atid + 1/2% Versene ------ 2.4-2.5 ——--
5%. Cntrnc Amd + 2% Ammomum ';Citric jAci'd"'
- Citrate + 1/2%. Versene meommmoo-- == 3.1 combination solution
- 2% Citric Acid + 5% Ammonium SRR T "Citrate" combi-
" Citrate + 1/2%. Versene -==-=-zcewc== 4.2-4.3 © npation solution
5%, 10% Ammoniuny Citrate --------=' 5.1 .-

‘ Loop data presented in Table;2 mdxcate that an ammonnum citrate con-
centration of 5 percent and 10 percent gave satlsfactory decontamination results.
~ (D. F 's of 23- a.nd 12 respectnvely)
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TABLE 2 Effect of Ammonitam C1trate Concentratmn on Final De-
contamination Factor . - . . ¥

Net Net
. Initial -Final :
: ' ' ' -Flow Rate’  Activity Activity -
. Run No. - Concentration (fps) . (cpm) (cpm) D.F.
s 3% B 16,380 3,610 5
13 5% . 5 32,770 1,400 23
14 10% 5 27,660 2,310 12

. Corrosion 'data, presented in Section 7.1.1, indicate: that the corrosion
on Type -304 stainless steel by a 10 percent ammonium citrate solution was
more than twice that at 5 percent. - For this reason and based on the results
given in Table 2, the optlmum concentratlon for ammonium citrate was.set at
-5 percent. : :

C1trlc acid is an excellent complexing agent for iron and nickel. Lanford
-and Quinan-have show? that ferric ion and citric acid exist as a 1:1 complex in
-strongly acid. solutlon More recently, Warner and Weber have shown that the
complex probably exists as an anionic species (CiFe~) 3). Evidence for this species
is provided by the fact that ferric citrate can be removed from dolution by means
.of an anion exchange resin in the chloride form at a pH as. low as 2. It was also
concluded that the 1:1 complexes are present in neutral solutions as long as suf-
ficient citrate is present to prevent the formation of ferric hydroxide (about 5-
fold excess over iron).

An add1t10na1 complexmg agent’ (Versene) was ‘'used in all runs. where citric

acid was used as a component in the secondary rinse. It was not known to what
_extent the citrate would be destroyed by reaction with résidual caustic perman-
ganate and/or manganese dioxide during thé rinse step of the treatment. Con-
sequently, it was desired to enhance the chelatmg power of the solution. A che-
lating agent was not used with the ammonium’ citraté because it was desired to
‘take advantage of the greater chelating power of the Versene series for ferric .

ion under acidic conditions. The activated corrosion product scale is composed
" chiefly of magnetite (ferrosoferric oxide) and it is assumed that this.is dissolved
by the secondary solution rinse. However, if the iron were dissolved by the rinse
solution as ferrite (FeO®%™) or ferrate (Feg047), it-would not be possible to chelate
the iron with. Versene under any conditions. . Conclusive data is not available on
the effect of adding the chelating agent, but initial screening data indicated that,
when.used in conjunction with an ‘acidic rinse, the overall effectiveness.of the de-
contamination treatment was increased. Three chelating agents were used .in loop
decontamination tests; Versene Acid; Versene Powder, and Versene Fe-3 Powder.
- Consequently, Where Versene is used in this report reference is made to one of
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these three- compounds ‘

- Because of the hmlted solubility- of the Versene Acid and the broad.chelating
power: of the ' Versene Fe-3 Powder {chelates iron effectively up to pH 10. 5), the
trizand-tetra-sodium salts of Versene-acid in powder form are recommended.

" This would include Versene Powder, or -Versene 9. The useof either of these-
.compounds ‘would permit-the: prempitatlon of ferric ion as ferric hydrox1de ina-
_neutral or ‘slightly alkaline medium. - This would. facilitate waste disposal in that .
the iron could be:concentrated by precipitationiwith caustic. - Ferric hydroxide.is
also an excellent scavenger and.could adsorb other radioactive nuclides on. its
surface : -

Durmg three loop runs. with the caustic permangana.te -rinse (c1tri.c actd
ammonium citrate) treatment, samples of the rinsewereperiodically removed
~.and.analyzed for iron. The iron was determined by the orthophenanthroline color-

imetric method. The results are given below: :

: ' C PPM Iron
..Run.No. ~ . :Rinse e .Min. - Max.'
9 . 5% Ammohiunt:Ci’trate BRI - 30 , ,50‘
10 'A 5% Citric -Ac:id 1/2% Versene | 37 | 57 -
11 3%:Ammoniﬁm‘_,¢itrate B 3 s 9

It requires 8.4 parts of Versene Powder and 7.4 parts of Versene 9 to
chelate 1 part of metal in the pH range below 7. 4 A1/2 percent solution of
~ Versene (5,000 ppm) would adequately chelate the iron obseérved in loop samples
".and.could be expected to chelate all the iron resultmg froma large scale re-
actor decontamination. :

6.2.3 Physmal Propertles

. The densities and viscosities of the various rinse solutlons and the caustxc
permanganate were determined in order to calculate: ‘Reynolds' Number for the
-investigation of flow rate. The densities and viscosities are given as a fiinction
of temperature in Fig.- A<1 and: Fig. A-2 of-the Appendix. The densities were
determined by means of a specific gravity bottle previously calibrated with water
at various temperitures. The viscosities were determined with a Fisher-Irany

- Viscometer- > previously cahbrated with water at various. temperatures

f There is no data available on the susceptibility, of the caustic permanganate
-and citric acid and/or ammonium citrate rinse solutions to decomposition by radi-
ation. Normally, radiation of 108 to 109. roentgens is. necessary to cause break-
down of sn.mﬂar compounds. 5). Insofar as the solution will be used in a steam
generator isolated from the reactor core, the pos51b1l1ty of chemical decomposition
by radiation is remote. .
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6.3 .Temperature of Chemical Solutions
6.3.1. - Caustic Permanganate

From the preliminary screemng data presented in Volume I of the report
caustic permanganate solutlons at temperatures between 185°F and 205°F appear
to give satisfactory decontamination results. -One test with the- caustic perman-
ganate at 75°F gave a poor decontamination factor. :

An examination of the mechanlsm (Sectlon 6. 6) appears to show that it is
necessary to have: the caustic permanganate approximately at the boiling point. -
All loop runs were performed with the caustic permanganate solution. shghtly a-
bove this temperature. The temperature used was approximately 225°F. - Suf-
ficient pressure was used to prevent boiling. -

6.3.2 :Citric Acid ,--Versene’

‘A series of runs were performed with a prlmary solution treatment of

_caustic permanganate and a 5 percent citricacid-1/2 percént Versene rinse. -The
rinse was circulated in the loop while being heated from 100°F to 250°F. : A count
of the residual activity of the contaminated sample was taken approximately every
2 minutes during the operation (Fig. 10). At various temperatures the slope of

the activity-time curve was' determined with a Gerber derivimeter. This value

(A CPM/ A Time) was then plotted against its corresponding temperature (Fig. 11).
The, maximum slope (maximum change in activity with change in time) was then .
_determined from the curve.

. The temper._ature range corresponding to the maximum slope is shown as a

-, broken.line on each of the three curves. This temperature range (145° to 1759F)

was taken as a minimum for decontamination with this rinse. A temperature of
175°F was used on all subsequent ],oop tests, with citric acid-Versene as a secon-
dary rinse, to insure complete removal of activity. ’ )

- 6. 3‘.3‘: Ammon1um_t_Cttrate

The temperature for the ammonium citrate rinse was determined in the
same manner as the citric acid-Versene rinse with one exception. - For this
‘rinse the concentration of the ammonium citrate was varied to determine its
(concentration) effect on optlmum temperature Concentrations of 3 percent,

5 percent and 10 percent by weight of ammonium citrate were used. The caustic
permanganate concentration was constant (10 percent sodium hydroxide, 5 percent
: potassmm permanganate) ‘ S

. There was no point of maximum change in act1v1ty per change in time for the
ammeonium citrate rinse (Fig. 12). Examination of Fig. 13 shows the break for
the 10 percent rinse curve to occur at approximately 200°F. For a 5 percent rinse
the break occurs between 2160F to 225°F. The 3 percent rinse did not break until
almost 230°F. Beyond these temperatures, the absolute value of the slope of the
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.curves. contmually mcreases showmg a greater removal of- actnvrty with higher

temperatures “These higher temperatures may also result-in. excesswe ‘cor<
rosion of the base métal. - Therefore; ‘the above: temperatures were chosen as

an. optnmum for the1r respective concentratnons

The effect of actwnty removal W1th mcreasmg temperatures is: apparent

for: the 10 percent curve (Fig. 12). At 200°F ‘the curve starts-to bend as if ap="

fect,

proaching a maximum pomt ‘but then commences to-incréase as the temperature.
increases. The curves of 3 and 5 pe rcent ammonium c1trate do not show this, ef-= '

. N -

6.3.4 Combmat1on Solutlons

‘The: operatmg temperature forthevarious; combination solutnons was chosen '

on the basis of the major constituent in the solution. "A temperature of 2209F was S

? estabhshed for the 5 percent ammonium. citrate, 2 percent citric acid, 1/2 per-
-cent Versene rinse. A temperature of 175°F was estabhshed for the 5 percent
. cntrnc acnd 2 percent ammonium citrate, 1/2 percent Versene rinse. - The oper-= :

ating temperature of 220°F for the citrate combination solutlon Would take ad-= :

' Avantage of both the magor constltuents in the solutlon
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6.4 ° Decontamination Flow Rate
6,4 1  Loop.Flow Modification

Prior to evaluating the effect of flow rate.on decontamination, it was neces-
sary to modify the sample section-of- the loop. This was required because the
. Reynolds* Number, which is a measure. of the turbulence of the fluid,- would not -
. be constant-in the length of contaminated tubing. - The fluid ‘would: not recover suf<"-
ficiently from entrance disturbances before leaving the contaminated tubing section.
This .would .cause a serious discrepancy in using a value of flow. velocity derived
“from experimental data. In-a large steam generator the tubes would be long
.enough to allow complete recovery of the fluid.

The modification involved mstallmg an 18-inch length of identical but un-

_ contaminated tubing upstream of the sample section. A Swagelok union was used
to join the - contaminated sample to this additional tube length. - With this union,
there was a minimum disturbance to the fluid in passing from the flow levelling -
Section to the contaminated section. - With the:Reynolds' Number nearly constant

-for the length.of the contaminated section, the calculated velocity would then be
a true indication of the average turbulence inside the tubing.

It was only possible to determine ‘a minimum Reynolds' Number for the
fluid in the sample holder due to the complicated geometry. However, for most
cases the minimum value was in the turbulent region.

6.4.2 .Determmatnon of Optlm,um,_-,Flow: Conditions

-The variation of final decontamination obtained at various flow rates is
shown in.Run No. 22 .where ammonium citrate was used as a rinse solution
“(Fig. 14). The caustic permanganate treatment and first water rinse were per-
formed at 2 ft/sec. - The ammonium citrate rinse was first circulated at 2 ft/sec.
After 12 minutes at 2209F at this flow rate, the residual activity was constant.
‘When the flow was increased to 4 ft/sec , a noticeable drop in activity was ob-
served; 14 minutes later the flow rate was increased to 6 ft/sec., and a further
drop in residual activity was observed. t ‘ \ ‘

.- To determine an optimum. flow for the secondary solution rinse, a series .
of loop decontamination tests were performed with Type 304 3/4-inch .16-Gage
BWG stajnless. steel tubing. The tests were performed with ammonium citrate
‘and citric acid-Versene encompassing a flow range of 2 to 12 ft/sec. The
-velocity of -the caustic permanganate solution was the same as that of the water
and seconidary solution rinses. The. decontammatlon factor and background
factor were determined for each.loop run.

A definite flow dependence was‘fou_nd with the 5 percent ammonium citrate
rinse. It was observed that an increase in flow rate tended to increase the re-
moval of activity (Fig. 15). With citric acid there was no apparent effect of flow

.rate on the removal of activity (Fig. 16): This flow depéndence of the ammonium
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citrate rinse may be due to the difference in pH between ammonium-citrate a.nd
_citric acid=Versene.  The ammonium citrate rinse (pH = 5. 1) may require a’
turbulent-action for effective removal and chelation of the:contamination. - C1trxc
acid-Versene (pH = 2. 4-2. 5) probably removes the activity by chemlcal reaction
as. well as. chelatmn . :

It is believed that there is no dependence of flow w1th ‘caustic permanganate;
' During, Run No. 22. '(Fig. 14) the flow of the caustic permanganate was kept con=-

" stant while the flow rate for the ammonium citrate was varied. In later tests, -
the flow rate of the permanganate solution was the same as: the ammonium: citrate.
The data from Run.No. 22 fall.. on the curve of the data. obtamed from later am-"
monium-. citrate runs. The discussion of the decontamination mechanism (Section
6. 6) will present a clearer understanding of the caustic permanganate treatment.

I ammonium citrate is. used as a secondary solution rinse,-high flow rates
- would be necessary to achieve good decontamination. It was found that:the ad-
_dition of citric acid to-the ammonium citrate rinse reduced the background factor
“with no change in. velocity. This is shown by the data in Table 3. This would
permit lowering the flow rate to a value below that which would be necessary for
ammom.um citrate. :

TABLE 3 Effectaf Citric Acid-Versene.on The Flow '~
Dependency of Ammomum _Citrate

: Run No. ' Flow . “'Secondary Solution. - '.Beckg'round

Velocity =~ , - - ::Factor
ﬂ'.o /Se.c. '
283 5 5% Ammonium-Citrate 10.8
43 o B S . .Citrate Combination- Solution .7
' 5 : . Citrate Combmatlon Solutlon 7 2.

- 46 .

It would also avond usmg the citric acnd—Versene rinse whnch has a lower
.pH and.weuld be expected to-result in a higher corrosmn rate. This would also
be true for the citric acid combination solution.- Consequently, a flow velocity
.of 5-feet per second was.chosen for the citrate combination solution. This value
represents a minimum flow velocity. - Higher flow velocities will result in better
decontammatxon but pumping and p1pmg costs would be h1gher

6 4, 3 "'Aeration' Effect.
It was: observed that greater decontammatmn was achxeved when the loop
‘was exposed to the atmosphere between the end of the first water rinse and. the .

addition.of the citric acid-Versene solution (Table 4). This effect was not found
.with the ammonium c:.trate rinse. 4 o .
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TABLE 4 .Effect of Citric Acid-Versene Aeration.Period
' on:Final Backgmundi Factor

. Net :
T “Residual Aeration LT

- Run.No. - Flow Rate - .Activity Time . Background. Factor
‘ fps .cpm ‘Minutes . (Background =:735 cpm)

32 .5 ¢ 11,920 3 - 16.2

.29 4 20,660 . 6 ' 28.1.

:28 - 8 8,070 11 11.0

-30 12 - 12,040 11 : 16.4

27 6 5,200 12 ‘ 7.1

26 10 10,850 ' 12 . 14.8

: 31 .3 12,150 12 16.5

| 15 - 5 1,840 ' 28 2.5

20 1 4,750, .38 : 6.5

33 4. 4,780 56 6.5

M 4,170 61 - - 5.7

-34

‘The.data. of Table 4 are shown graphically. in- Figure 17 where- background
::,factor is. plotted against the ""aeration' or air exposure time. The curve indicates
- that an aeration period. of 20 minutes or more reduced the background factor more
--than three-fold over that when no' aeration period was used - The cause.of the aera-
tion effect is not known at this-time. It may be due to a further oxidation of the
activated.corrosion product scale by the manganese dioxide in the presence of a1r
The lower pH (2. 4-2.5) of the citric acid solution may have a greater tendency to
-remove.the resulting scale than the ammonium citrate rinse (pH = 5.1).

- An "aeration" period of at least one hour was used in subsequent. loop tests
-involving the combination solutions: since citric acid is a constituent in both the
: citric acid combination and the citrate combination solutions.
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6. 5 »Residence-'Time of-‘Decontamrinationl- Solutions

In this report, residence. t1me is; defmed as the time during which a parti~
‘cular solution is:in; contact with’ the contammated surface at the desu‘ed flow -and .
temperature.— It-does not ‘include the tlme duri ing. which the solution is: mrculated
and .brought to temperature

-The:selection. ‘of a residence tlme is similar to that of concentration in that’
it requires a_compromise between.corrosion rate and ability to decontaminate.

" When the activity has reached a constant value, it can be assumed that further ex-
‘posure-will remove-little if any additional activity. This is importapt for the
secondary solutlon rinses where corrosion rates are h1gher than. for the caustic
permanganate

- Generally, preliminary screening tests were performed with a caustic per--
manganate residence time of 30 minutes. In one case where the residence time
was increased.to 60 minutes, a higher degree of decontamination was achieved for
the same secondary rinse conditions. However, in loop experiments, the contact
or exposure time for the caustic permanganate.varied from 70 to 80 minutes.

This included a heat up time of 30 to 35 minutes, a reS1dence tnme .of 30 mmutes, )
and a, cooling time -of 10 to 15 mmutes

The reS1dence time for the secondary solution rinses.was determmed from
. the results of 20 loop tests. These runs were performed using caustic pérmangan-
ate followed by various secondary solution rinses, i.e. 5 percent citric acid - 1/2
percent Versene, 5 percent ammonium citrate, or the citrate combination rinse.
The data were sho.wn inbar graphform(Fig. 18); the time required for the activity
‘to reach a constant value ( ﬁcgm O> is shown as a frequency distribntion. The
: time = , )
rgraph,_mdlca,tes.that constant activity was generally reached between 18 and 22
minutes after reaching the recommended temperature. There were no loop runs
‘where a residence time longér than 27 minutes was necessary, nor was there any
evidence that a particular rinse favored a specific residence time. - On.the basis
‘of these results, a residence.time of 30 minutes is recommended. Any additional
time beyond 30 minutes would only increase the corrosion rate while removing only
negligible activity.
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6.6 A Mechanism for. Caustlc Permanganate, Citric Ac1d Ammomum
_____ Cltrate Decontammatlon : : -

It was. stated in Volume I of this, report that n1tr1c ac1d oxahc acnd cntrnc
acid, ‘and ammonium citrate were equally effective as’ secondary solution rinses:
This may-indicate that these rinses removed the activated corrosion product scale
by the same*mechanism Any attempt to improve on-the effectiveness of the de-
contamination treatment must be madewith some idea of the overall- mechanism
-involved. Therefore, ‘a possible mechanism is presented which may-account-for
some of the pbservatlons noted during the course of this. work The mechanism
mvolves four steps

. A° Ox1dat1on
.B. - Formation of Manganese Dioxide S o
~C. "Aeration" or Air Oxidation (when. citrlc a01d is employed in the
secondary solution rinse) ,
D. - Removal of Act1v1ty

' - -The first, step in. the decontam1nat10n treatment is the formatlon and reaction
of the oxidizing solution. - When a mlxture of caustic and permangan élt) -is heated
near the bmlmg pomt oxygen is 11berated accordmg to the reactmn

4KMn04 + 4 NaOH S—— 4 NaKMn04 +2 H20 + 02 (1)
Purple | . Green ' '

The comb1nat1on of the permanganate and oxygen prov1des a strong oxndnz=
ing media to convert the corrosion product scale to a form that can be readily re-
moved by the secondary solution rinse. The oxygen is probably responsible for
the sharp increase in the corrosion rate of Type 304 stainless steel in caustic per-
manganate at 959C (Sectlon 7.3.2).

Radlochemlcal analyses of the permanganate and citrate solut1ons, follow-
ing decontamination of a section of the APPR-1 steam generator dividing plate re-
vealed that 75 percent of the Mn5 activity was removed in the permanganate so-
lution (Section 8.1.2). - The Mn®4 has been found associated with the primary
system reactor water rather than the insoluble corrosion products. |( This
activity may be merely adsorbed on the oxide scale and. subsequently removed by
exchange during the caustic ‘permanganate step. ' 4

- The second step in the deCon'tarn’ination mechanism is the formation of a
brown film which is assumed to be manganese dioxide. This is an excellent
scavenger for radioactive nuclides whether they are present in solution or as- -
sociated with particulate matter. The MnO3 is formed as the result of a dispro-
portionation.reaction of the green manganate solutlon in an excess. of water or in
the presence of acid: , L

3 NaKM1riOy + 2H20 —e=2KMnO4 + 3NaOH + -KOH+M§;‘02 @
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The reaction does not take place in an excess of alkali; however; it will take
placeif the alkali is removed by the addition of acid, even a weak-acid such as -
-carbonic acid. . Contamma,ted pipe samples, used. in bench screening tests; were

. invariably- covered with a brown film, after brief rinsing with-water fc»llowing the
~caustic permangana,te step.. Metal test specimens, removed from the ‘sample™

- section of the loop after the completion of the first water rinse were also found-
to possess this same film. However, as the pH of the first water rinse was- ba,sm
(pH of 12.5 to 12.8) in all loop runs; it is possible that not all the manganese-
dioxide was-formed until the addmon of the ammonium cntrate and/or citric acid-

: Versene rinse. :

, The third step involves an "aeration' time of the contaminated specnmen .
following the first water rinse. As previously stated in Section 6. 4.3, the reason
- for increased decontamination as a result of the -aeration period is not known at
- this txme :

The final step in the decontamination is the removal of the activated cor-
rosion product scale. It has been shown that the-major part of the activity (ap-
proximately 80 percent) is removed by the secondary solution rinse. The rinse
must accomphsh the dissolution of the manganese dioxide as well as the removal
of the corrosion product scale. The former is a,ccomphshed by chemical reaction
with citrate and/or citric acid-Versene by reducing the manganese to the man-
ganous_ion form. The citrate and/or citric acid is probably converted to a de-

" gradation product such as itaconic or aconitic acid with a minimum of gas evolution.
The scale removal may be accomplished by a loosening and sc»lubhzmg action of

. the citrate and/or citric acid-Versene solution, All rinse solutions removed
during the ‘secondary solution phase of the decontamination were found to be clear.

- Citrate is an excellent complexmg agent for ferric ion, formmg mole to mole
.complexes in the pH range.from'1.5 to 7. (3). Versene 1s also an excellent com-
plexing agent for ferric ion, particularly in the acidic range and for other poly-

. valent ions inbeth the acid and basic ranges.
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‘PART II METALLURGICAL ASPECTS
,7 0 DISCUSSION OF RESULTS

The metallurgical a.spects ‘of the decontammatlon program involved:loop;

. dynamic autoclave, and static autoclave" testing of metals: exposed to the caustic
permanganate and.the citric acid-Versene-ammonium citrate :rinse-solutions.
-Corrosion.rates were-determined for Type 304 stainless steel (annealed and'
‘sensitized),: Babcock and Wilcox Croloy 16-1, and carben steel (AISE C1010).

: Metallurgxcal testing" mvolved checking" metal test specimens, welds, and:"'U''bends.
for evidence of intergranular-corrosion, crackmg, ‘contact corrosion, and pxttmg ‘
- The: program ‘outline‘is gwen below:

At - Loop.; Studies

1. - Corrosion Rate-in Decontaminating Solutions
a. Type -304 stainless steel (annealed and sensxtized)
b. - Babcock:& Wilcox, Crocloy 16-1
c. - Carbon:Steel (AISI-.C1010) @
d. Inconel(Slmulated APPR-1 run only)-"

. B. Dynamic Autoclave Tes_tmg}(l 5=-16 hours)

1. . Corrosion: Rate in.Caustic Permanganate
' a. Type: 304 stainless steel (annealed and. sensitized) coupons '
g bends and weld samples

2., - Corrosion:Rate in: Rmse Solutlons same as Bla

:C. . -~Long Term Static Autoclave Testmg (4 8 weeks)
1. - Corrosion. Rate in. Caustic Permanganate;same asAla, G sl
2. - Corrosion:Rate in: Rinse Solution:same as Ala, c

7.1 Loop:- Decontam,ina'tion'..Cor rosion Results

.The sample section previously described in: Se'ctlon 4.2.4 of th1s volume
‘was used to determine corrosion rates.for various metals exposed to the décon-
tamination treatment. Metallurgical analysis was performed on these coupons
.and also on sections of tubing that had been exposed in the: APPR-=1 pur1f1cat10n
blowdown line and subsequently decontammated :

Corrosmn test spe01mens were exposed for the entire loop decontammatwn,
consequently, only total weight loss results are reported. - AS a number of differ-
ent ringe solutions were evaluated with some va_riat;on in total exposure time,
loop corrosion results have been tabulated as weight loss per decontamination
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hour (rngs'/ dm?2 -hr). The decontammatwn exposure time varied: from 2. 5 t0'3:0 -
‘hours; one loop run was: 4. 25 hours The loop exposure tnme mcluded the followmg ‘

A Caustnc Permanganate Step | o Minutes
1. Flllmg loop and heatmg solutlon to. ‘ - |
temperature (225 250°F) m-me-esso-@eaa-  30-40
| 2 | At temperature SRR -=-~; fee- - e -- . 30 |
| 3. f'"Cooling' prior to dratning; ---e- - - - _ _‘ 10,7'1‘5
' B :Water Rinse Step -y-==' chmimenle -- - -';_ mim 10 |

+C. - Cltrate Rinse- Step :

-1, A~ Filling. loop and heatmg solutlon to

‘temperature (175 220°F) -------- mmme- - - 30-35
2. 'Attemperature-«---f—--—~———,---'——--f 30
3 :-AC001ing prior to draining - - -~ -- emmmeee=~  0-10
D,  Water Flush: Step ..‘;'(First) SR -.-?- e 10
- _Total - e 2.5 t,o'3° 0 hourr'sl

The water rinse and .water-flush»s'teps.were included in the total expds_u,re time
because it was felt that the residual chemical solution in the loop during these
. steps.might cause additional corrosion and add to the total weight loss.

7.1 1 Metal Coupon and ‘Tubing. Results

s Figure 19 is a graphical summary of 13.1oop runs where metal specimens
.were exposed to various solution treatments. The datahave been grouped so as
to permit a comparison of the rinse solutions under approx1mately the same con- -
ditions . (Appendix.Table: B=-1 2). -

There does not appear to be a significant difference in. the weight loss re- :
sults between the ammonium citrate rinse and the citric acid-Versene rinse W1th
‘the exception of the -Babcock and Wilcox: Croloy 16-1. However, the:Croloy 16-1
" results .show considerable variation, ranging from 2.4 to 81.0 mgs/ dmz-hr A
which may account for the higher results. There does appear to be a significant
difference in the weiglit loss between the annealed and sensitized Type 304 stain-
less steel. - The relative difference.is shown in. Table 5 where the weight loss for
- the different metals tested are compared to annealed Type 304 stainless.steel.

" The-average weight loss of the sensitized steel resulting. from the decontamination
‘treatment using 5 percent ammonium cxtrate as arinse was 3.1 times greater
66 .
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than:that of the annealed. steel The weight losses on the sensitized steel were
even higher in the case of the citric acid-Versene: (3. 6) and the citrate ‘combina-
tion rinses (6.7). The: ‘Babcock and Wilcox Croloy 16-1 and carbon steel weight
losses were sngnifncantly hrgher in the order mentwned : :

_TABLE 5 Ratio of Weight Losses for Various Materials
: -to Annealed Type 304 Stainless: Steel = Caustic
Permanganate = Rinse Treatmem:

-Material R | 5% Ammomum 5% Citrn.c Acrd “+ Cltrm Ac1d~Versene,
- .. .. .“:Citrate. = 1/2% Versene . .Ammonium Citrate

“Combination

- Type 304:‘S_tair1-, . | P
less Steel L T - S '
(Sensitized) ‘ 3.1 . 3.6 . 6.7

'Babcock and Wilcox e .
.»,.Cr.olo'y‘l,b‘_-l _ ' 10.3 2 17.2 . -

- Carbon Steel '
(AISL 01010) 291 239 -

A number of contaminated sections of Type 304 stainless steel tubing de-
contaminated in loop tests were examined for metallurgical effects. Photom1cro=~
graphs of the tubing exposed to the various solution treatments revealed no evi-
dence of any. deleterious effects (Fig. 20,. Fig° 21)0 :

A number of stamless steel coupons were exposed to more than one decon-
tammatmn treatment in order to.determine the corrosion effect as a result of
successive treatments. The results.for Type 304 2';t::uu.n].ess steel are presented
in' Fig.- 22. where the- ‘weight loss results (mgs/dm“-hr) are given as ‘a function of
the number of decontamination cycles. The previous treatments for each point
were not necessarily performed with the same chemical solution. - As would be
expected, the corrosion rate is the same if not lower for succeeding decontamina-
tion.cycles. - The decrease in corrosion rate is more apparent in the case.of the
sensitized metal than in the case of the annealed metal. The corrosion results
-for the. citrate compbination solution were not included in:Fig. 22 as only coupon.
data exposed to two decontamination cycles were available (Appendix Table B-3;.4),.

-However, the results. mdrcate the same pattern of decreasing weight loss with
successive decontamination cycles. - Photomicrographs of stainless steel coupons
(Type 304 annealed and sensitized, Babcock .and Wilcox:Croloy 16-1) revealed no
evidence of intergranular corrosion, cracking, or locallzed attack (Fig. 23,

. Fig. 24, and:Fig. 25). ' ,
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500 X Oxalic Acid Etch
Sample Exposed to Caustic Permanganate-5% Ammon-
ium Citrate Decontamination Treatment-Loop Test
No. 25

Fig. 20 - Photomicrograph of Type 304 Stainless Steel Tubing Exposed to
to a Decontamination Treatment
71




i n B - Lo i
o W LN . ] . SRS d e |
s .?/% i " . . Al 2 7 & or

3
‘s
]

M v i E [ 5 >
L &/ o — . s L] a

500 X Oxalic Acid Etch
Sample Exposed to Caustic Permanganate-5% Citric

Acid, 1/2% Versene Decontamination Treatment-Loop
Test No. 34

000 X Oxalic Acid Etch
Sample exposed to Caustic Permanganate-Citrate

Combination Solution Decontamination Treatment-
Loop Test No. 43

Fig. 21 - Photomicrograph of Type 304 Stainless Steel Tubing Exposed to
a Decontamination Treatment
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Fig.22 Effect of Decontamination Cycles on Weight Loss of Type 304
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Oxalic Acid Etch

Sample Untreated

500 X

Oxalic Acid Etch
Sample Exposed to Caustic Permanganate-~Citrate

Combination Solution and Caustic Permanganate-
Citric Acid Combination Solution-Loop Tests No. 38, 39

Fig. 23 - Photomicrograph of Annealed Type 304 Stainless Steel Coupon
Exposed to Two Decontamination Treatments
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Fig. 24 - Photomicrograph of Sensitized Type 304 Stainless Steel Coupon
Exposed to Two Decontamination Treatments
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7.1.2 :.Relationship. Between Corrosmn Rate and. Decontammatlon
.with the- Caustlc Permanganate -Rinse: Decontammatxon Method '

- A number-of meta,l coupons contammated in the APPR-l ‘purification: system

- were decontaminated by the. causti¢ permarnganaté-rinse decontamination-method.’

The .purpose of ‘these loop tests' wasg to determine the relative decontammatwn ablh-’

" ty-of the treatment on various métals.: Thé metal coupons-(3-1/2 x'1/2 x 1/16=inch)

: were exposed-for various perlods -of. time in the'APPR-1 primary purification sys-

tem; - These coupons were- subsequéntly ‘washed; ‘counted, and then weighedprior:

to loop ‘decontamination. The’activity of the coupons was determined by means. of

a thin mica end window: G-M tube connected to a. Model 1091. Atomic- Associates

.:Scaler. - Suitable corrections were made for coincidence and background. The
background factor was.based on an average background value. - :

The results, of the loop decontamination tests are presented in Table 6. The
results for the Type 304 stajnless steel coupons indicate a relationship between
~ the descaled weight loss (due to the decontamination treatment) and the extent of
decontamination (Fig. 26). - An:increase in weight loss results in an increased de-
- contamination, factor with a corresponding decrease-in background factor. The
»results for the: Croloy 16-1 and the carbon steel have not been.included in Fig. 26
because of an insufficient number of samples. However, it is interesting to note
from the:Croloy 16-1 results in Table 6 that excellent decontamination was achieved
at the expense of corrosion. - There is no apparent relationship between the carbon
steel weight loss results and the extent of decontamination. - The activity -on carbon
steel specimens exposed to the: APPR-1 primary coolant is known to be loose and
easily removed.

A, It should be emphasized that the descaled weight loss results reported in
,Table 6 include both the activated corrosion product scale and the base metal.
. This is. the weight loss that would result from the decontammatlon of a réactor
. system. t
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"TABLE 6. Relationship Between:Decontamination Factor; -
- Background Factor, and:Weight Loss on Various
:Metals using: the-Caustic Permanganate-Rinse
‘Decontamination Tréatment

Sample  Initial Activity - Final Activity .D.F. .B.F. Total

‘(beta-gamma) (beta-gamma) = ' - Weight
cpm L~ . cpm " Loss
o : mgs/dm’l2
Type 304 Stainless: Steel (Annealed) |

~.C-88 .58,536 oot 1666 .35 . 5.1 3.7
- C-93 59,132 1399 42 4,37 4.3
..C=94 62,206 ’ 1589 39 4.9 4.3
2 C=90 | . 69,894 1714 S 3 | 5.3 5.2
* C=87 53,891 . 1450 37 4.4 5.8
»C-34 82,131 - 1135 72 . 3.5 8.3

$C-92 73,003 . . 1217 60 3.7 8.5
iC-91 50, 758 1093 - 46 3.4 8.1
/C-86 63, 161 | 11097 58 3.4 16.7

Type 304 Stainless: Steel (Sensitized)

5-16 123, 991 1727 1

| | , 5.3 16.7
' §-20 120,019 . . 1832 66 5.6 16.9 .
§-13 125,799 1543 82 4.7 19.4
§-18 127,285 . 1848 69 5.7 20.7"
'§-15 104, 430 - 766 136 2.3 51.0
§-21 108,993 . 552 i97 1.7 73.8
- Babcock.and Wilcox:Croloy 16-1
i F-1-29 131,307 169 777 0.52 57.
/F-1-28 105,778 ; 205 516  0.63 518
_F-1-27 129,024 179 720 .0.55 . 602
::Carbon:Steel
1-25 - 36,059 109 331 0.33 672
1-21 70, 627 783 90 2.4 829
1-23 48, 659 1212 a0 3.7 988
1-24 33,865 381 89 1.2 2731
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1. 2‘ 5 Dynamicf Autoolave Test Resu‘lts

‘The- de31gn of the: sample sectlon of ‘the.loop dxd not permit the metaliurglcal
evaluation: of Type 304 stainless steel. stressed and-welded samples. - Dynamlc
autoclave:corrosion studies were therefore performed with these specimens’ as

‘well as: Type 304 stainless steel: coupons (annealed and sensitized). - Corrosion—
and metallographic inforniationwere obtainedon ‘the various metal samples: exposed
to so}utlons of 5-percent citric acid:- 1/ 2 percent Vérsene; 5 pércent ammonium-

- - citrate* ¢itrate rinse (5 percent ammonium citrate, 2 percent citric acid, 172 per="

.cént Versene) at 1759F, and caustic permanganate (10 percent sodium ‘hydroxide;, -

.5 percent potassmm permanganate) at 1959F, - An evaluation of the relative effects -

:of each solution on.the various specimens could then be obtained. - With the .ex-
-ception.of the citric acid- -Versene, it was not possmle to obtain the temperatures
previously established in Section 6. 3 for the. decontammatlon solutions because of
the experlmental arrangement

A stressed specimen was prepared by: bendmg a_coupon (3 1/2 X 1/2 X. 1/16=-
»mch) into the :shape.of a ""U". .The sensitized. stressed specimens: were sensmzed
before bendmg to avoid any poss1b111ty of stress relief. ~

: Weld spec1mens were prepared in such a manner as to duphcate the tube -

- to tube sheet weld in.the:APPR-1 steam generator.  This. included the use of a
'I‘ype 308L stainless steel welding rod filler.wire (Fig. 27). The sensitized .and
weld metal areas of the weld specimens were examined metallurglcally because
.the decontamiration solution will come.in contact with these areas during an actual
decontamination of a steam generator. The root area of the weld would not be ex-
posed. to the. decontammatlon solutions. - : -
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Sensitized Area s

Fig. 27 - Photograph of Simulated Tubeto Tube Sheet Weld Specimens
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7.2.1 Test Equipment and Procedure

The inlet.of a Type 304 stamless steel autoclave of 1,2 liter capacity was
~ connected to the discharge of a small centrifugal pump. The discharge of the
; ~autoclave was piped toa 3 ht:er glass beaker open to the atmosphere. The
‘ suction side of the pump was also connected to this glass beaker. All piping
‘was made with 1/4-inch Type 304 stainless steel tubing. The test specimens
were suspended in the autoclave.on a thin length of Type 304 stainless steel
wire. The specimens were separated from each other by sections of glass
‘tubing. Metal to metal contact was therefore restricted as much as possible.

. For a typical test, the specimens were placed in the autoclave and the
solution under. investigation was heated in the beaker by a hot plate. A heat-
ing mantle was wrapped around the autoclaye for an additional heat source.
When the solution was at the proper temperature, the pump was star;ed and
‘the solut1on circulated through the autoclave for the desired per1od of time..

. The’temperature of the solution was maintained within # 5°F by proper use of
the heating mantle and hot plate. ' In all tests a flow rate of one gpm (0.025
ft/ sec) was: maintained by controlhng pump speed w1th a powerstat.

PI"lOI" to exposure the specimens were washed in water and acetone to
remove any foreign matter and then weighed on an analytical balance. The
specimens were exposed for fixed periods of time' (0.5, 0.5, 1, 2, 4 and 8
hours), removed from the autoclave at these intervals, washed in water- and
'acetone, and rewe1ghed on the analytlcal balance. :

7.2,2 Metal Coupons

The Welght, loss of the coupons due to exposure in the four solutions
are presented in Appendix Table C-1-4. The weight loss results as a func-
tion of exposure time are presented in Fig. 28 and Fig. 29. The annealed
metal samples showed only a small weight loss in each of the three rinse
solutions .after 15 to 16 hours exposure, i;e. 2.5, 3.0 and 3.5 mgs/dm2 for
“the citric acid-Versene, ammonium citrate, and the.citrate combination
solutions respectively. These weight losses represent a total penetration
-of approximately 0. 001 mils. Metallurgical. exam1nat1on of the coupons re-
vealed no evidence of intergranular corrosion of cracking (Fig. 30 top)

Weight losses for the sensitized coupons were significantly hlgher than.
the annealed coupons. It appears that lower pH resulted in a greater initial
corrosion rate. This can be seen from the weight loss after four hours ex-
.posure in the respective rinses (Table 7). After approximately fifteen hours.
exposure, the values approach a point where the total weight losses have
nearly the same values, but are higher for lower pH solutions.

87

285 69




. TABLE - Comparlson of Weight Loss Results for Type 304 Stainless Steel
.. '(Sensitized) after 4 and 15_ Hours in Various Decontammatmn_ :

Solution ngeg at 17 59F

Solution o pH . Total Welght Loss mgs/ dm Total Penetrat1on

(mils)
_ 44 hours 15 hours . ~15 hours
Citric Acid - 2.5 19.3 - - 20.2 . 70,010
. Citrate Com- ' S DR R
-bination rinse 4.3 o . 141 17,3 0. 009
Ammonium o - B " h S
Cltra.te 5.1  10.5° 1'6 ‘6 . .0, 008 2 -

It would be expected that the lower pH solutions would tend to cause-more
attack. Since the-coupons appear to approach a steady state corrosion rate ‘
there may not be any 81gn1flcant attack after the initial contact perlod

Photomicrographic examination of the sens1t1zed coupons revealed no
ev1dence of any mgmﬁcant amount of 1ntergranu1ar corrosion (F1g 30 bottom) -

For the primary treatment solutnon (caust1c permanganate), the final’
weight losses-were: hlgher than in the rinse solutions for both.the annealed and B
sensitized coupons.’ This may be a result of the higher temperature ‘of this
. test (195°F as compared to 175°F for the rinse), and the effect of the oxygen
evolved from the caustic permanganate at high temperatures, The difference
.between the sensitized and annealed weight loss results is not as large as ob-
.served.in the case of the- sedondary solution rinses. This is due to the greater
attack of the caustlc permanganate on. annealed Type 304 stamless steel '
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R N L

Oxalic Acid Etch

Annealed Sample Exposed for 16 Hours at 175°9F and
1 gpm

500 X Oxalic Acid Etch
Sensitized Sample Exposed for 16 Hours at 175°F and
1 gpm

Fig. 30 - Photomicrographs of Type 304 Stainless Steel Coupons Exposed to the
Citrate Combination Rinse Solution
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7.2.3 "U" Bends and Weld Samples

The Type 304 stainless steel annealed and sensitized '""U" bends, ex-
posed to the various decontamination solutions, were examined for stress
corrosion cracking. The sensitized and weld metal area of the tube to
tube sheet weld specimens were examined for intergranular corrosion,
cracking,and localized attack. Photomicrographs of the ""U'" bends reveal-
ed no stress corrosion cracking on the inside or outside edges (Fig. 31 and
Fig. 32). They also revealed no cracking nor evidence of any significant
amount of localized attack or intergranular corrosion of the weld specimens.
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Fig. 31 -Photomicrographs of "U" Bend Control Specimens
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SR I e R RGN N BT Nex .
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Fig. 32-Photomicrographs of '"U" Bend Specimens Exposed to the Citrate Combination Solution R:nse
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7 3 {..ong Term Static Autoclave ‘Test Results

The purpose of the long term statlc tests was to determine the mag
nitude of the corrosion rate which could be expected during storage of the
: caustic permanganate and the citrate combination waste 'solutions. : It was
- also.of- ufterest to determine the relative effect of temperature of the vari- -
ous. decontamination solutions on Type: 304 stainless steeland AISI C1010
carbon steel specimens. The spemmens used in these tests were the same
-size and shape and had received the 'same heat treatment as those used in
:the dynamlc autoclave tests (Section.7. 2). :

B 31 , Test Equlpment and Procedure

The long, term stdtic corrosion tests were performed in 1. 2 liter ‘
'stamless steel autoclaves. The metal test specimens. were suspended in:
the-autoclaves by the same method as. that employed m the. dynamlc auto-= :
clave tests: (Sectlon 7. 1 2).. :

The: caustlc permanganate tests were performed at room temperature
or T1°F (259C), 1229F (50°C), '£B7°F (759C), and 203°F (959C). The last
three temperatures were maintained within:+ lOF by placing the autoclaves
in a constant temperature-oven. - At seven’ day intervals:the autoclaves were
removed from the oven and room temperature storage area. They ‘were
-opened .and the samples removed, washed in water and-acetone, weighed on
an analytical balance and reinserted into the autoclaves. The solutions were -
analyzed for caustlc and permanganate and the concentratxons adjusted if
necessary. .-This procedure ‘was repeated for the duratlon of the test. The -
same procedure was_émployed for the citrate combmatmn solution at temper--
atures of 779F and. 203°F -

: 7. 3. 2- Metal Coupon‘s

The weight losses for: Type 304 stamless steel (annealed and sens1tlzed)
and carbon steel (AISI €1010) in caustic permanganate are tabulated in- Ap-
pendix Table:D-1-5 and are shown in.Fig. 33, Fig. 34, and.Fig. 35 re-
spectively. - The Weight loss is given as. a function of time {days) at various .
‘temperatures. These curves were used to determine the effect of tempera-
ture-on the corrosion rate of stainless steel in caustic permanganate. The
h curves m Fig. 36 were plotted in terms of the Arrhenlus equatlon ‘

lnk-‘-s - Eg/RT + Const.

" Where -
k= -.Corrosion rate -
‘E; = - Activation energy
~R = .Gas constant" ‘
. T =

-Absolute temperature
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~ The curve 1nd1cates an 1ncreased corrosion: rate at-higher temperatures :
. Between 750C and 950Ca rapid increase in corrosion rate is observed. This -
- may be due to the 11berat10n of oxygen-as a consequence of the reaction be- -
. -tween caustic.and permanganate (Section 6.6 - equation. (1) ). . The liberated
oxygen is (gfobably 1ncreasmg the corrosmn rate by depolarlzmg the metal
surface

Photommrographs of the Type’ 304 stamless steel and AISI C1010 carbon
: ,steel show no evidence: of any harmful metallurgmal effects (F1g 37 and F1g
38). : . .

The weight loss results for Type 304 stainless steel (annealed and sen-
sitized) and carbon steel (AISI C1010) in citrate combination rinse at 77°F
‘are shown in Fig. 39. . It was not possible to obtain data at 203°F because:of
decomposition of the solutlon when exposed to the atmosphere at this tem- -
perature for long periods of time. This effect did not occur at anytlme dur-
ing the loop and dynamlc corrosion tests. Photomicrographs revealed no '
harmful metallurgmal effects at. 7£Z°F (F1g 40). :

- 100
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Fig. 36 Effect of Temperature on Weight Loss Resuits for Type 304

Stainless Steel in Caustic Permanganate
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T

500 X Oxalic Acid Etch
Annealed Sample Exposed for 28 Days at 203°F

500 X Oxalic Acid Etch
Sensitized Sample Exposed for 28 Days at 203°F

Fig. 37 - Photomicrographs of Type 304 Stainless Steel Coupons Exposed to

the Caustic Permanganate Solution



500 X 2%Nital Etch
Sample Untreated

500 X 2%Nital Etch
Sample Exposed for 28 Days at 203°F

Fig. 38 - Photomicrograph of Carbon Steel Coupon Exposed to the Caustic
Permanganate Solution
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Fig. 39 Static Autoclave Weight Loss Results for Type 304 Stainless

Steel and Carbon Steel in Citrate Combination Solution Rinse
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500 X Oxalic Acid Etch
Annealed Sample Exposed for 28 Days at T7°F

500 X Oxalic Acid Etch
Sensitized Sample Exposed for 28 Days at 7T7°F

Fig. 40 - Photomicrographs of Type 304 Stainless Steel Coupons Exposed
to the Citrate Combination Solution Rinse
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7.3.3 "U" Bend and Weld Samples

A metallurgical examination of the weld specimens exposed to the
caustic permanganate revealed evidence of possible crevice corrosion in
the root area. This was observed in samples exposed for eight weeks at
T79F and 1229F, but was not observed in samples exposed for four weeks

at 203°F (Fig. 41).

No evidence of crevice corrosion was found in the root area of the
samples exposed to the rinse solution for four weeks at 77°F. During a
decontamination treatment, the root area of the weld will not be exposed
to the solutions. There was no evidence of any harmful metallurgical
effects on any of the sensitized and weld metal areas of the weld specimens
or the bend areas of the "U'" bend specimens.
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100 X Oxalic Acid Etch
Specimen Untreated

e

100

Oxalic Acid Etch
Specimen Exposed 56 Days at
122°9F (Note penetration into
Weld Metal)

X

100 X Oxalic Acid Etch
Specimen Exposed 56 days at
779F (Note penetration into weld
Metal)

100 X Oxali id Etch
ecimen ExpOs-edqz ga_ys at

203°F (Note Absence of Penetra-
tion into Weld Metal)

Fig. 41 - Photomicrographs of Weld Root Area on Specimens Exposed
to Caustic Permanganate Solution
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PART ITII RECOMMENDED CHEMICAL DECONTAMINATION
SOLUTION AND APPLICATION

8.0 DISCUSSION OF RESULTS

On the basis of the data presented in the preceding sections, a caustic
permanganate solution followed by a citrate combination solution rinse was
chosen as a decontamination treatment for a stainless steel steam generator,
This choice was based upon preliminary screening results, presented in
Volume I of this report, loop parameter studies, corrosion, and metallurgi-
cal evaluation presented in this volume. Flow velocity and corrosion were
the most important factors in this discision.

A fill-flush decontamination method is most applicable with the caustic
permanganate-citrate combination rinse treatment. Results indicate that
the solutions can be applied without additional feed during a decontamination
treatment. Furthermore, this method of application is simpler to control
and easier to perform.

8.1 Caustic Permanganate-Citrate Combination Decontamination
Treatment

The recommended conditions and procedure for the caustic permangan-
ate-citrate combination rinse decontamination method are given in Table 8.

TABLE 8 Recommended Solutions and Procedure for Stainless Steel

Decontamination
Step Solution and Residence Flow Temperature
Concentration Time Rate (°F)
(by weight) (minutes) (ft/sec)
1 10% S.odium Hydroxide -
5% Potassium Perman-
ganate 30 5 225
2 Demineralized Water 5-10 5 Room Temp-
erature
3 60 Minute ""Aeration"
4 5% Ammonium Citrate 30 5 220
2% Citric Acid
1/2% Versene
5 Demineralized Water 5-10 5 Room Temp-
erature
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A typical loop test with the recommended decontamination treatment
is shown in Fig.42. The activity profile of the test is shown as a function
of time. There is an initial drop in activity during the caustic permanganate
treatment (Points1 through 4). A% Zvill be shown in Section 8. 1. 2, this is
probably due to the removal of Mn** from the activated corrosion product
scale, There is a rapid decrease in activity with the addition of the citrate
combination solution to the loop (Points 8 to 9). During the heat up and
circulation period of the rinse, the effect of the citric acid is probably pre-
dominant (Point 9 to 180°F). Beyond this temperature, the effect of the
ammonium citrate is predomipant. There is only a small decrease of ac-
tivity during the latter part of the 30 minute residence period. Radiochem-
ical a.naﬂyges indicate that almost all of the activity in the rinse is due to
00583 Co 0, Fe®” and Crol,

8.1.1 Decontamination of the Steam Generator Dividing Plate

During the APPR-1 November 1958 shutdown,a section was removed
from the steam generator inlet and outlet dividing plate. This section
is probably the most representative sample that can be obtained of the
type of scale that may be encountered in the tubes of the steam generator.
It possessed a tight, black, lustrous, radioactive film similar to that
shown in Fig. 43 top left. A piece of this section was decontaminated
using the caustic permanganate-citrate combination treatment. The pro-
cedure used for the decontamination was similar to that used for the
screening evaluation. The contaminated piece was placed in a beaker of
10 percent sodium hydroxide and 5 percent potassium permanganate at
210°F for 30 minutes. It was then removed, washed with demineralized
water, and allowed to dry in air for approximately one hour. This was
followed by the citrate rinse (5 percent ammonium citrate, 2 percent
citric acid, 1/2 percent Versene at 210°F for 30 minutes. At the comple-
tion of the secondary solution rinse, the sample was covered with a light
brown film. A short jet of demineralized water from a wash bottle com-
pletely removed this film and the sample appeared clean (Fig. 43 top right).
Because of the ease with which the film slipped from the sample with the
wash stream, it is believed that a thin layer of liquid was between the film
and base metal. There was virtually no agitation during the treatment to
aid in removing the film. The activity of the sample was reduced from
300 mr/hr to 2.5 mr/hr as a result of the decontamination. A photomicro-
graph of the sample revealed no adverse metallurgical effects (Fig. 43
bottom). While an excellent D. F. was achieved, it must be remembered
that this was a bench scale test under ideal conditions. The D. F. may not
be as high on a full scale test. However, for a nuclear facility, higher
temperatures and greater turbulence would be obtained which would aid in
the decontamination.
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1. Loop filled with caustic permanganate solution; pressurized
to 60 - 70 psig with nitrogen; commence heating; pump on
and set at 5 Ft/Sec flow.

ol
o
[

2 Solution at temperature (225°F)

3. Completion of caustic permanganate treatment at temperature;
commence cooling.

4-5. Loop drained; loop filled with demineralized water.

5-6. Water rinse at 5 Ft/Sec flow.
6-7. Loop drained.
7-8. Aeration period.

8-9. Loop filled with citrate combination rinse; pressurized to 60 -

COUNTS PER MINUTE XI0%(GAMMA)
(5]
|

2 0 —— 70 psig with nitrogen; commence heating.
9. Pump on and set at 5 Ft/Sec flow.
10. Solution at temperature (220°F) °
IBOF
11, Completion of citrate combination rinse at temperature;
commence cooling.
I'S [=
12-13. Water rinse at 5 Ft/Sec flow; loop drained.
13-14. Water rinse at 5 Ft/Sec flow; loop drained.
10
10
11
Q2 13 14
5
[ 2 3 3

TIME (HOURS)

Fig. 42 Decontamination with the Caustic Permanganate-Citrate
Combination Solution Treatment-Loop Test No. 46
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A Section Before Decontamination A Section After Decontamination

500 X Oxalic Acid Etch

Photomicrograph of Dividing Plate Section After
Decontamination

Fig. 43 - Photograph of Steam Generator Dividing Plate Section
Before and After Decontamination with the Caustic Per-
manganate-Citrate Combination Solution Treatment
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8. 1 2 Radmchemlcal Results

The remamder of ‘the omgmal section' removed from-the steam genera- |

.- tor was’ ‘cut{nto. approximately twelve pieces. These were used in conjunc-

- tion with an Activity ‘Buildup Program (Task I), and were.decontaminated by
the.same method described above. . The decontamination solutions were
-analyzed for. Co%8, 0060 no4 - ‘Fed9 and.Crdl, The- results of the
-radiochemical analyses mdlcated that approx1mately 75 percent of the Mn54

is removed during the caustlc permanganate treatment and the remainder in
. the citrate conibination rinse. . The- Co98 and Co%C were removed almost en-
tirely durmg ‘the ,cgltr,ate. rinse l(Table 9). . Iron 59 and.Cr°l were not detected

C.P. . . . Citrate . - ‘Total % Nuclide in

“dpm x:105 “ dpm. x,:lO5 : dpm x 109 .. Citrate to. Total
-.25. 6 o 8.0 - 33.6 - 23:8
128.90- o .8.8 327 v 26,9
11,9 - 3.2 - 15,1 21,2

4.8 . .1.8 ‘ - 6.6 - .27.3
- 82.1 2 22,1 104.2 212
20,0 5.4 -25. 4 21,2
60.9 - - 2.7 '88.6 31.3
42.1 - 13.6 . 55.7 - 24,4
' cob8 .24 7 avergge
-9.6 /380 S 389.6 - 97.5
7.9 410 - o 417.9 - 98.1
10,0 830 840.0 - 98,8
.. 14,0 - 622 ' 636.0 ' 97.8
9.5 - .'258 . 267.5 o 96. 4
21.0 964 .985.0. . 97.9
' S ' 97.8 average
| . - Cob0 - |
3.7 174 11T - 97.9
3.1 - 188 , 191. 1 * 0 98.4
6.0 A - 76.0° o 92.1 °
5.0 424 © 429.0 - - - 98. 8
4.4 - 114 -.118.4 . '_ '96. 3
4.2

360 - 364.2 98. 8
' 97.0 average
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in-either of the solutions. . A chemlcal analyms for 1ron in both solutmns
.indicated that most of the inactive iron was present in the caustic. perman- -
-ganate solution. Both Fe59 .and. Cr51 ‘have been identified in the deposits-on
‘metal coupons exposed in the, APPR-1 pr1mary,pur1f1cat1on blowdown system. -
. Chemlcal decontamination of these coupons indicates that the major partof
the Fed9: (approximately 60 percent) and Crol (approximately 85 percent) is: -
removed by the caustic permanganate solution. The failure to detect these- -
nuclides in the deposits removed from the dividing plate is not clear at this
time since both.Fe59 and Cr91 were detected in wipe samples. :

- With the exception of one sample, .the decontamination factors result-
ing from the .decontamination treatment were all greater than 70, .One
sample had zero activity at.the completion of the treatment. The initial’

. -and final act1v1ty as well as the DF's obtained are tabulated in. Table 10.

TABLE 10 Decontammatlon Results of Steam Generator Dividing Plate
' . Using the Caustic Permanganate-Cltrate Combmatmn Solutlon

Treatment
‘ Net Initial.Activi_ty . - Net Final Activity .+-Decontamination
" Counts Per Minute (Gamma)..Counts Per Minute (Gamma) Factor (Gamma)
2,195 ' ; 0 , -
8, 208 S § | 746
3,174 . B V' : 187 .
-6, 894 S 18 - 383
5, 591 . 29 - - 193
.22, 770 - 40 - - S 569
17,160 C 41 o 419
- .15,180 o 18 ‘ - < 195
- 12,960 : 124 . . 105
.10, 900 : ‘ 147 . . .74
-.27,.090 _ . ‘ 279 B 97
-13,760 - o ' 372 SR 8T

. The dﬁferences in initial act1v1ty of the. samples are due to d1fferences
in‘size: and- location. . The surface of the section exposed to primary
‘coolant on the inlet s1de of the steam generator ‘was higher in activity .
‘than tha,t exposed to primary coolant-on: the outlet side.-

: In all blllt two cases the fmal act1v1ty was below 200 cpm. The in-
ference is drawn that there is probably no selective removal of any one
nuclide for the entire treatment because of the very low final activities.
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8 2 Decontammatlon Treatment" w1th the Turco "4501" Process

A commerc1al decohtammatien product manufactured by Turco Prod- .
: ucts, Inc. ,. was also-évaluated, This. decontammatlon treatmerit called
“the- Turco *4501"" Process mvolves the use of three solutions., The f1rst :
solution is-a. condltwnmg solutmn to prepare the corrosion product scale
for the. subsequenttreatment with caustic peérmanganate and nitric -acid,

' Athcrdugh dié‘éussionuof ‘the. tr‘eatment‘tcg'ether with results of its ap-
plication in the field of decontamination can be found in Volume I of; th}*s
‘ r’e’port Briefly,» itisa three step process involving the. following°-(.10 ‘

1. 45 mmute treatment. (condrtlonmg cycle) w1th Turco 4501
sclutnon at 2750F.

© 2 .ngh ~pressure water'rinsel.

. 3. 45 mmute treatment with Turco 4502 solution. at 215 to 2200F
. (3.8 lbs/gal)

. ;: 4. High pressure water rinsei
.5y 30 minute treatment with. 25 percent nitric acid at room '

- temp. . (750 to 90OF).
6. High pressure water ~rinse:;

A: concentration of 2 Ibs/gal was used in the loop decontamination
and corrosion tests. It was not possible to obtain complete ‘solution with .
the recommended concentration (3. 8 Ibs/gal) at room temperature. Three
loop tests were performed using the Turco "4501" Process; two were per-
formed with contaminated sections of tubing for decontammatlon evalua-
tion and one test was performed Wwith metal test coupons for corrosion

.- evaluation. . The activity profiles for the two decontamination tests are

.. shown in Fig. 44. One test ‘was pertormed at 3 ft/sec and the other .test -
- :at 8.ft/sec. . S . TR S

An initial. drop in act1v1ty was noted during the Turco 4501 treatment o

‘;:::'(Pomts 1-to 4). . A further reduction in activity’ was observed durmg the

- .addition of the Turco 4502 solution.(Points 7 to.8). . The major part of
. the act1v1ty was removed during the nitric acid treatment (Points 15 to 16).
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40 [X103 COUNTS [PER MINUTE
{camMma)

TEST NO. 36
| s .
R
30
2
b—0\.3 4
-\0\8_8_(7
\,5
20
- QB_OQ— o5« |4\I€5}\

U617 18 19

10
3 .
40 [X10= COUNTS-PER-MINUTE
I (GANMA) TEST NO. 37
23 |
2 —& 587
8
9 10 121314 15
—0-0-0-C -
20 A
16 17
10 - : I8 19
! 2 3 4 5 6
13
1-2. Loop filled with Turco 4501 solution; pressurized to 70-80 psig 11. Completion of Turco 4502 treatment at temperature; commenced
with nitrogen; commenced heating. | cooling.
2, Pump on and set at designated flow rate (3 ft/sec for test no. 36 12-13. Loop drained; loop filled with demineralized water.
and 8 ft/sec for test no. 37).
13-14. Water rinse at designated flow rate; loop drained.
3. Solution at temperature (2759F). ’ :
: 14-15. Loop filled with 25 percent nitric acid; pressurized to 60-70 psig
4. Completion of Turco 4501 treatment at temperature; commenced with nitrogen.
cooling. .
15. Pump on and set at designated flow rate; temperature maintained
- 5-6. Loop drained; loop filled with demineralized water. at 100°F,
6-7. Water rinse at designated flow rate. 16. Completion of nitric acid rinse.
7-8. Loop drained; loop filled with Turco 4502 solutibn; pressurized to 16-17. Loop drained.
60-70 psig with nitrogen; commenced heating. .
. 17-18. Loop filled with demineralized water.
9. Pump on and set at designated flow rate. . . .
o 18-19. Water rinse at designated flow rate; loop drained.
10. Solution at temperature (220°F). .

Fig. 44 - Decontamination with Turco''4501"' Process-Loop Test No. 36 and 37
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8.3 C‘ompamson of the. Caustlc Permanganate Cltrate Combmatlon

Treatment and the Turco "4501" Process _ :
The results of loop tests mvolvmg the evaluatlon of the caustlc perman-
- ganate -citrate combmatlon treatment and the Turco "4501" Process are’ ‘
‘glvenbelow : . St

- Caustic Permanganate-
C1trate Combma,tlon TreaTt- Turco "4501"
ment . o Process

DECONTAMIN ATION RESULTS

Loop Test No,” ; L 46 L 36 . 37 .
Flow Velocity (tt/ sec) 5 . 3 8.
Net Initial Activity . 44, 260 29,370 34,210
(gamma cpm) B T
' Net Final Activity | 5, 250 10,200 12,550
(gamma cpm) ‘ : o , :
. D.F. ' 8.4 .- r29 2.7
¢ BIF, . ' R 5 U 13.9  -17.1

_'CORROSION RESULTS

Loop Test No. - - ' 39 P 12
Flow Velocity (ft/ sec) - 5 5
Weight Loss (mgs/din2) S
‘Type 304 Stainless Steel .

“Annealed 3.5 5.6

L 3.1 4.5
3,9 -

. 3.5

..:Avg, 3 5 . 5 1

Sensitized | S 19,0 9.1

o - 1sT 14,9

149

A ,5.‘16.5-' 4 .ﬁ 1z

The results of the decontammatmn loop tests mdlca.te tha.t the caustm
permanganate-citrate combination treatment was more effective in re-
‘moving the. activated corrosion product scale. The weight loss results
-on Type:304. stainless steel (annealed) were approximately the same for
. ‘both treatments The we1ght loss results for the sensmzed ma,terla.l
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were higher in the case of the caustic. permanganate-citrate combmatmn
treatment. -This would be expected'becatise the citrate combination sol-
-ution has a more corrosive effect on. Type 304. stamless steel than. 25 per-
cent' nitric-acid. :

At the completlon of the Turco "4501" Process, an excess1ve amount -
'of manganese dioxide was found in the loop. This may, have been due:to
insufficient water flushing after the 4501 treatment. It'was necessary. to
remove thls material before add1t10na1 loop studles could be performed

-Ab percent solution: of oxahc a01d mrculated at 160°F was used to in- -
sure comp]lete removal of- manganese d1ox1de This operation was per-

formed after all test spemmens had been removed from the Ioop sample
section. :
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8.4 Simulated APPR-1 Loop Test Results

_The: decontammatmn of a nuclear facility would’ requlre a longer solu-
tmn .exposure time than that used in loop studies, ‘i. e. . time:for filling, -
heating, cooling, and draining ‘would be longer. Two loop tests were per-
formed to-determine the effect of longer ‘exposure time on decontamination -

and corrosion. The APPR-1 steam generator was used as a reference de- .

sign for th1s evaluation. The chemlcal decontammatmn treatment was
identical.to that given in Table 8. The exposure. tlmes for the various solu- .

v_t1ons are g1ven below

- A, 4Cau;st1c Permanganate Step

- Operatien‘ S .+ Time Required (Hours)
1. Fill system....... e e, 2,00

| 2. Commence cuculatlon (5 fps) , o
heat system ~ (859F/hr).. . oo 0o cevoe oo 2,00

3. Res1dence time-at temperature (225°F) «e 0,50

f ' 4, ‘Cool system below bo1lmg of solut1on . ....1.00
' 5 Drain. system et e O 50
‘Total - 6.00

B. Water Rinse Step

1o Repeat Al. e e e eneontontaneanenn o 2,00

2. . Circulate ,at?vs.fps.' e i 0,08

3. - Drain system o 6 000 b o e ..... “eee o e ‘e .+ 0. 50

| Total | 2.58
. C "Aeretion';'xpepio‘tih N ce e aes :. e . 2,00

o Total ~ . 2.00
D. Citrate.Combination Step |

Repeat Steps A 1-5 except solutlon , '
is heated to 220°F o e aio s so e acaoeceoooeeass 800

N\ - a5 reg




E. Water Rinse Step

Repeat Steps B'1-3 : )
Except 01rou1ate for 15 ‘minutes . o0 b0 o000 aaoee BolD

| .. Total - .'~2. 75
F, -.Rep.'ea‘t--vE 4times.c ...’ oo o - voree s ’s. 11,00
- | ” Total 11,00
Grand Tota‘il Decontam-ination Time. 30 33 hours

The filling operat1on could not be extended over the two hour period;
_therefore the loop was filled within a few minutes -and allowed'to remain
_idle for the duratwn of the filling period. To simulate draining;the loop
-was allowed to remain idle for approx1mate1y 30 minutes at wh1ch time

the loop was drained. . o

8. 4, 1 Decontammatlon Evaluatmn - Tubmg

The activity versus time curve for the s1mulated APPR 1 decontamma-
‘tion loop test with a contaminated section of Type 304 stainless steel tub-
. ing is shown in Figure 45.  Prior to evaluation, the tubing was scrubbed to
remove loose ‘activity. | It was then decontaminated in the loop as outlined
. in the previous section, . The results of the evaluatjon are given.in Table 11.

TABLE 11 Results of Simulated. APPR-1 Decontammatlon L
Evaluatlon(Test No. 47) . )

Initial Activity (Before Scrubbing) - 40 mr/hr

~Initial Activity (After Scrubbing) - - 4 mr/hr
| -iﬁé_tia.l D.F.: = : 10
" Net Initial Activity before Decon- | B :
tamination .54, 237 cpm (4 mr/hr)
‘Net Final Activity 6,149 cpm
'Final D.F. . 8.8
Total D.F. o | 88
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: S I]MULZ\TED APPR-| DECONTAMNATION - TUBING
5%R2 a - P f
~ ~ % 89 10 11
4 ~ O-O———
N2
3 19 14
i
& | |
0] ) |
. 15 )
16 1718 :
920 2| 22 23 i
© |
O - 1
< T — K
1-2 Loop filled with caustic permanganate solution; pres- 9 Loop drained
= surized.-to 60-70 psig with nitrogen 9-10 Aeration period
= 3 2-3  Loop idle to simulate filling 10-11 Loop filled with citrate combination solution; pres-
<< IO 2-3 Pum% on and set at 5 Ft/Sec flow; commence heating surized to 60-70 psig with nitrogen | .
(O at 85°F/hr o | 11-14 Loop idle to simulate filling :
4 At temperature (225°F) 14-15 "Pump on and set at 5 Ft/Sec flow; commence heating
4-5 Circulate at temperature at 85°F /hr . |
5-6 Cooling loop below boiling point 15 . At temperature (220°F) .
6-7 Loop idle to simulate draining 15-16 Circulate at temperature !
5 1 Loop drained; loop filled with demineralized water —1 16-17 Cooling loop below boiling point i
4 7-8  Loop idle to simulate filling 17- 18 Loop idle to simulate draining i
8 Pump on and set at 5 Ft/Sec flow; circulate for 10 T 18 Loop drained i
minutes 4 19-23 Five water flushes ’
3 8-9 Loop idle to simulate draining . '
|
|
| - .@
F1g 45 Simulated APPR-1 Decontamination on Type 304 Stainless '
Steel Tubing-Loop Test No. 47 : 1 ,
| 285 1n1
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: The exposure t1me for the: flnal water. flushes did not 1nclude a 51mu1at-
ed -2 hourfilland 0..5 hour draintime. It Was felt that this -would have little,

" :effect on the final- decontammatlon factor, . Fig. 46 shows the relatlonslup *
. between the number 6f water rinses and ‘purity level (pH and resistivity).

Five water rinses appear sufficient to brmg the resistivity and pH to a

1constant level.- Metallurgical exammatmn of the tubing revealed no pitting,
-mtergranular corros1on, or. other harmful effects (Fxgr 47)

The fmal D. F. for the s1mulated run is in close agreement with a pre-.
vious run performed to. determme if :the loose activity would be removed by -

‘the recommended treatment. ' The result of that run where the tubing was

not’ scrubbed prior to. decontammatmn is given below:
- Net Initial Activity 474, 000 cpm

‘Net Final Activity 5,629 cpm’
Total D. F. B .. 84
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8
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6
5 O RESISTIVITY
4 | O pH|
3 ™
A
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o 2
|
=
T
@)
5 )
Sixiof 7 0T
= °F 7/
®© 8} _
a / A
s y,

lﬁ

1X10 4 ' ' _ 1.0
| 2 3 4 5

NUMBER OF RINSES

Fig. 46 Variation of Resistivity and pH with Number of Water Rinses-
Loop Test No. 47 ‘
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500 X Oxalic Acid Etch
Sample Untreat ed

500 X Oxalic Acid Etch
Sample Exposed to Decontamination Treatment

Fig. 47 - Photomicrograph of Type 304 Stainless Steel Tubing Simulated APPR-1
Decontamination-ILoop Test No. 47
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8 4 2 Corros1on Evaluatlon Metal Coupons

The second run was performed w1th 3- 1/ 2 x1/2 x-1/16-inch metal
o coupons of the. following'materials: Type 304 stainless steel (annealed
-“and sensitized), Babcock: and Wilcox Croloy 16-1, Incenel, and AISI

. .C1010-carbon steel.

- of approximately 28 hours.
final water rinse step. The history of the loop test is shown .in Fig.48

and the total weight loss results are tabulated in Table 12.

TABLE 12 Comparlson of We1ght Loss Results for

Material

. Type.304 SS
(Annealed)

Type:304 SS
. (Sensitized)

Type 304 SS
" {Annealed)

Type 304 SS.
. (Sensitized)

AISI .C1010
- Carbon Steel

Croloy 16-1

) Inconel

- Loop Test No. 48

Previous

History

Exposed in

. Reactor

Expos ed'in
Reactor

New -

New

i,.New

New

- New

Average We1ght
Loss Mgs/dm?
(Total)

16.2
35,6
.1

50. 8

. 3643 (one co:upon)t

58. 6.

!

. 3.5.(one coupon)

The coupons were .exposed for a total contact time
This -included the proposed time for the

Penetration

. (mils) |

0.008
0.017

©0.002

0.025
0.182
0.029

0.002 -

The we1ght loss results for the contaminated Type 304 stainless steel
(sensmzed) were about twice:as high s the annealed weight loss results.
The ratio for new samples is substanually h1gher and-may indicate that

_the sensitized weight loss result (50. 8 mgs/dm ) is in-error.

The ratio

‘between the Babcock and Wilcox: Croloy 16-1 and the Type 304 stainless -
steel (annealed) is approximately the same.as that found in decontamination
Joop tests using citric acid and ammonium citrate as a secondary solution

~ rinse. . One:Inconel coupon resulted in a weight loss of 3.5 mgs/ dmz, about
‘the same as observed for Type 304 stamless steel (annealed).




Five water flushes were sufficient to restore .the loop to: constant pH
_ The resistivity was st111 1ncreas1ng after five water flushes (Fig. 49)

Photom1crographs of the contammated Type 304 stamless steel coupons

-(a.nnealed and sensitized) revealed no evidence .of cracking, localized at-
tacks or mtergranular corrosmn (F1g 50)
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. b .
' 3 - ,
5 ‘ SIMULATED APPR- AMINATION-METAL COUPQONS
' n - -
4 |
3 ~5
2c>'\ 34516
5 OO~ — - —G\
10 f N
5 ki
4 W
' \ ‘ \
s 4 o213 14 a
.’ 1 .
alo ?
< TS, :
s 5 1S 1677 P D~ o
S 3 1819 SR P %57 -
M [ ) <y <y = ~J
< 3 - 26
&)
1 Loop filled with caustic permanganate solution; pres- -9 Loop drained :
surized to 60-70 psig with nitrogen 9-10 Aeration period o
| 3 1-2 Loop idle to simulate filling 10 Loop filled with citrate combination solution; pres—
O 2-3 Pump on and set at 5 Ft/Sec flow; commence heating —F— surized to 60-70 psig with nitrogen i
at 85°F/hr 10-11 Loop idle to simulate filling '
3 At temperature (225°F) 11-12 Pump on and set at 5 Ft/Sec flow; commence heatmg
5 3-4  Circulate at temperature A : at 85°F/hr , !
4-5 Cooling loop below boiling point T 12 At temperature (220°F)
4 5-6 Loop idle to simulate draining — 4 — 12-13 Circulate at temperature
3 6 Loop drained; filled with demineralized water 13-14 Cooling loop below boiling point; loop idle to s1mulate
6-7 Loop idle to simulate filling -1 draining :;
7-8 . Pump on and set at 5 Ft/Sec flow; circulate for 10 15 Loop drained ' i
2 minutes —— 15-26 Five fifteen minute water flushes W1th simulated fill
8-9 Loop idle to simulate draining and drain times A i)
10 | | i | | 1
0 2 4 6 8 10 12 14 16 18 20 22 247 26 28 30 32
F1g 48 ‘Simulated APPR-1 Decontammatlon Loop Test No 48 (Metal
Coupons)
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Fig. 49

2 3

2

5

NUMBER OF RINSES

Variation of Resistivity and pH with Number of Water Rinses-
Loop Test No. 48
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500 X Oxalic Acid Etch
Annealed Sample

g < f i =
N b LTS =g

Oxalic Acid Etch

Sensitized Sample

Fig. 50 - Photomicrograph of Type 304 Stainless Steel-Simulated APPR-1
Decontamination Loop Test. No. 48
147



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



8. 5 Post Decontammatmn Effects .

Chemxcal decontammatlon is of 11tt1e value if corrosion rates and
activity pickup are mcreaﬁed as a result of the decontamination treat-

‘ment. Consequently, it was of particular interest to determine the re-

lative corrosion rate and activity pickup:-on metal surfaces that had been
exposed to the caustlc permanganate c1trate solutlons ‘

A number of metal spec1mens (3 1/2 x 1/2 X 1/16 mch) were placed in the

; APPR-1 purification blowdown line. . These specimens included Type 304
‘stainless steel (annealed and sens1t1zed), Babcock and Wilcox ‘stainless

steel Croloy'16-1, and AISI C1010 carbon steel. The specimens were
placed in three categomes, viz. : :

'(a)v New specimens

(b) New specimens used in loop corrosion studies with caustic
o per-manganate-citrate sOlutions

.(c) New spec1mens exposed to the APPR 1 pr1mary coolant and
decontaminated in loop studies with caustic permanganate-
citrate. solut1ons (Type 304 stainless steel).

The new specimens were used to establish the we1ght loss and act1v1ty
pickup of undecontaminated surfaces, and as a basis for comparison with
decontammated spec1mens ' ' :

.The welght loss was based on the d1fference, expressed as mgs/ dm
between the initial unexposed welght and the weight obtained after removal

from the APPR-1 purification line. This is referred to as ""exposed

weight loss''. Prior to weighing, exposed samples were vigorously scrubb-
ed with soap and water to remove all lo'pse particulate matter. The beta
and gamma dose rates emanating from these specimens were determined
by means of a calibrated Technical Asscciates Juno Model 3 Meter. The
sensitive chamber of the instrument was placed in the same position for

‘the measurements, i.e. approximately one inch from the specimen. The

weight loss and activity pickup results are given in Tables 13, :143and.15.

- The curve in Fig. 51 was determined from.' exposed weight loss'' re-
sults on new Type 304 stainless steel coupons exposed for various periods
of time in the. APPR-1 pur1f1cat10n system. - A compar1son of the weight
loss results was made with five coupons which had previously been exposed
in the: APPR-1 purification blowdown line, decontaminated by the caustic
permanganate-rinse treatment, and re-exposed in the same manner for .

.an additional 461 hours. . It was desired to determine whether a decontamina-
- - ated surface exhlbnted the corrosion and activity buildup characteristics of

a new or previously corroded surface. . This comparison was pergormed
using Student's. T Distribution and two hypotheses were tested A
. - 149
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A. The subsequent Welght loss on a. decontammated sample
(prevmusly comtammated), re-exposed to reactor coolant
is the same as a new unexposed surface.

A\
. B The subsequent We1ght loss on a decontaminated sample
(previously contaminited), re-exposed to reactor .coolant
is the same as if the: coupon had not‘been decontammated

Test of Hypothes1s A

- Decontammated Sample (d) k New Sample (n)

(461 hours) : . (461 hours)
X “(ﬁlean-fvalue), 1.0 mgs/ dm? ' . 2.6
S (variance) .- :0.22 - 0.71 |

N (No. of samples 5 " ' .2

L
.\\’

€T 2 <2

S (Estnma.te of
umverse varnance)

St

Ng+ N, -2

J

“\/ﬁ) (0. 22)2+ '('2) ‘(»,, 71)2 |

Al

. s
A - )
x .+ %,
n ... Xd - ] o P
t= | . 2.6%1.0 _3:85
s[/Nd+ 1/Nn S :; 050 (. By -

At the 95 percent level of comfldence, for both: taﬂ.s of the t dlstrlbu-
tion and 5 degrees of fréeedom, t = 2,571 as compared to .t =3, 85 from
hypothesis A. Since the value.. of t for hypothesis A is greater than that
which could-be expected from randomfluctuatlons the difference is
sxgmfncant a.nd hypotheszls A is. reJected° .-
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2.. Test of Hypothesr.s B

Deconta,mmated Sample(d) “ " New Sample(0

(1825 +461 hours-1825 hours) .. (1825.4-461-1825 hours)
1.0 mgs/_dm . 7'0.3 mgs/dm? (Fig.51)
T
5 -
2

= :>§:|‘

The mcremental value of 0 3 mgs/ dm

' 1s assumed to be a universe
_ value for. tms calculation. :

t , c d - .= 031_10 -— 6.4
8/ WN-1 o 02272 s

]

At the 95 percent level of confidence, for both tails of the t '_distribu—é

“tion and 4 degrees of fréedom,. t = 2.78 as compared to t =6, 4 from hypoth- + .

esis B. ' The difference is significant and hypothesis B is rejected. There-
fote, the Type 304 stainless steel (annealed) decontaminated samples re-
exposed to the reactor coqlant did not behave as new samples, nor did they:

- ‘behave as samples which did not receive. the decontamination treatment. - The
.,decontammatlon treatment resulted in subsequent corrosion less than that.-
which could be expected from a virgin surface and more.than that which’ could
b e expected from a precorroded surface However,.. ariart from’ statistical -
.considerations, the average we1ght loss results for the decnntaminated sam-.
.ples appear:to be more representative of a sample shown by the dotted line

in Fig. 1. In summation, the decontammatlon treatment would be expected
to resu]lt in a surface which exhibits more of the corrosion rate character- - -
1st1cs of a prev1ous1y corroded surface. than that of a new surface

The statnstncal evaluatmn of the weight loss results was not repeated for
..the sensitized metal.because of insufficient data. - However, on the basis of
available data, the weight loss results for the decontaminated samples in-
dicate the same conclusion as noted in. the case of the annealed: metal

Flgure 52 is presented to show the relatmnshlp between beta act1v1ty
: plckup on new Type 304 stainless steel (annealed) and ""exposed weight loss"
The linearity of the relationship is apparent. The lower weight loss result:"
" at 1825 hours exposure is probably due to the reductlon of those factors
" which tend to increase the corrosion rate in a nuclear reactor system, e.g.
oxygen level. The relationship between beta activity pickup and weight loss
results for Type 304 stainless steel and Babcock and Wilcox Croloy 16-1
after 1825 hours ‘exposure to the reactor coolant is shown in Fig. 53.

\
>

151

ry%)
Co
wt
S
25N
[QV]



' Wh11e not lmear, the curve does 1nd10ate an increased act1v1ty pickup -
with" increasing we1ght loss. It would be expected that the subsequent
. activity pickup on decontaminated- samples would be:less than'a new un-
contaminated surface.. This id'true:since’ exposed we1ght loss on. de-’
-~contaminbted samples was found to be less than that on new samples It
" might-prave feasible to’ precorrode the reactor. surfaces prior.to reactor

- startup as-a means of reducing the initial corrosion rate with its assoc1at-
-ed acuvity buildup.
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Fig. 52 Relationship Between Beta Activity Pickup and Weight Loss for
Annealed Type 304 Stainless Steel Exposed in the APPR-1
Puriﬁcatlon System for D]fferent Periods of Time
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F1g 53 Relationship Between Beta Activity Pickup and Weight Loss for
Stainless Steel Coupons Exposed in the APPR-1 Purification
System for 1825 Hours
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TABLE 13 Welght Loss .and Actnvxty P1ckup Results for New Type 304 Stamless Steel Specnmens Exposed
- to. APPR 1 Primary Coolant ' , ,

' ~ ' : . Annealed - o - Sensitized
. Total Total ! Welght Loss . ~Activity . © Weight Loss - Actjvity
. Exposure E F. P.HY; | mgs/ dm2 ' ‘mrep/hr on . mgs/dm? _ ‘mrep/hr on
Hours : PR _surface .- . ' o - .surface

461 325 193 . 704
3493 - o ) 390. . 357 i N . N 1‘ 7‘6 775

215 - 9, 739

oo

oM M
-3

Z .
I O

Pt

EE 626 17
442 14,
S -15.
422 o A1,
492 AT

919 420 -1472%%
968 833 C
716
819
730

oo
B b O

>
-8

496 .16 755
‘592f R A . 890
554° 12,4 1075 -
694 . 85 970
o ' :?26;6** . -3100**

613 104 978

..1350 815

oo ed
®JO O

1380 .45

F'

960
857
798

432+ 16

| 498 -~ 15,

- 368 S 14,

3 492° |
- © 436

JC¥% o445

29 ~,1325_ : . 1258

© D ©
LS N

A ]
o el

X a8 e 156 8D

* EFPH equlvalent full power: honrs
k% pot used in calculating averages
N. C.—no change

}egr‘
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: .TABLE 14 Welg‘ht loss and Activity Plckup Results: for New Babcock And Wllcox Croloy 16 1

gnd AISI, C1010 Carbon Steel Spec1mens Exposed to APPR 1 Prlmarv Coola.nt
. o BRGW Croloy 16-1 - : AISIClOlO Carbon Steel
Total : Total S Weight Loss . . Activity: Weight Loss: « . . .Activity
. Exposure  _ E. F, P. Ho ¥ j: mgs/dm2 ' " mrep/hron mgs/dm . mrep/hron
-Hour's . o R surface - o - . surface -
493 - 390 R X | 1965 34 T
919 420 847 4730 | 1934 - 110
o | o - 99.2 \ ‘278
968 833 : 42.6 3340_ o 81.8 C - 407
| 38.2 . 2740 1639 - 304
40,7 : . 12560 - 82.8 - 328
1350 815 39, 3(P) 2790 - 169.4 - 241
' - ~ 38. 2 3350 167.4 245
L1380 745 89. 5 . 6290 .- 194.4 119
. 1825 1258 . 46,3 | 3070 :179.8 1246
- 44,8 2000 263.9 244

..* "EFPH - equivalent full power hours
P indicates. spec1men passivated in 25 percent mtmc acid for 60 mmutes at. 160°F
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TABLE 15 Welght Loss and Act1v1ty Plckgp Results for. New: Type 304 Stamiess Steel Exposed for 1825
Hours, Decontaminated and Re Exposed in the APPR 1 Pur1f1cat1on Blowdown Line

Annealed - | - Sensmzed

" Total. . :. Total ki o Welght Loss , Activity - ~ - Weight Loss . Activity
.. EXposure

- {Hours: {0 S v S mrep/hr on . ... 'mrep/hr on

- mgs/dm2 . Pickup - - mgs/dm : Pickup

. . surface_ o o | " surface

41 325 10 T 29 302
. B o.”e_ 38, Gék NC o 325
1.0 o NG ‘122
NGB 119 |

1.2 | 148

10 162 R

X .1:0 135 - - 2.9 249
S 0.22 |

.. *EFPH - equlvalent full power -hours

*%.not used in calculating average.
.N.C. no change :
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Fig. A-1 Density of Various Decontamination Solutions
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Fig. A-2. Viscosity of Various Decontamination Solutions
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APP ENDIX TABLE B-l

Welght Loss Results (Mgs/ dm -hr) Obtamed for* New Type 304 Sta,mless Steel- Exposed't@ Caustic:
Perma,nganate L225 250°F) Rmse Treatment in. Loop Decontammatlon Tests

o RINSE SOLUTION ' o _
5% Ammonium Cltrate 5% Citric. Acid-1/ 2% Ver»sene Cltrlc A01d-Ammon1um

- S N ‘ ~.Citrate-Versene-Comb.
L o Mgg _Temp.: Flow Rate ,‘;M S Temp FlowRate Mgg ‘Temp.- Flow Rate
.Materiai . dm®-hr- °F - (fps) dmé4-hr OF - (fps) - dm4hr ~OF . (fps)
. Type 304 SS. 1.4 200 3.5 ~2.1 200 5 - .3.8 ' 2
" . Annealed 1,47 200" /5 2.0 200 .5 LLo.0m 2
| o 1la 200 /5 2.4 200. 5 ' 0.8/ 2
4.32 . 200 .5 2.7 .200. 5 - 0.9[b175 2
3.8a 200 5 1.1 200 .5 0.9 -2
. 1,4 200 5 1.2 200 5 0.9 2
. ~1i7 200 5 1.1 200 5 - 1. 2] 2
'1.38" 200 5 1.1 175 1~ 1,0bc200 2
1.1 .200 1 1.1 175 1 1.3 - 2,
1.3 "200 -.1 BN - 1.2 2
1.2 200 .1 o
X 1.4 | 1.6 o © 1.0
Type304SS 7.9a 200 5 5.7°.200 5 17.2 2
- Sensitized ~3.-3 200 5 5.8 200 " 5 . S 9. 2
: . 3.2 200 -5 14.8 .200 5 6 -2
3.7a' 200 5 . 3.5 200 5 9. .2
oo 4.2 200 1 4.9 200 . 5 5. 2
82 7.0 200 1 9.2 7175 1. 6. 2
3.9 200 1 .5 .2
: : , .5, 2.
b . _ ; : ‘ :
-0 ' X 4.3 T 5.8 6.
= o . . | ,
-2 10% Ammonium: Citrate ' b 5% Citric Acid c 2%; Citric. Acid
. 2' 10%. Ammonium:. Citrate B 2% Ammonium:Citrate --5% Ammonium Citrate
[

3 "CP105"Temp at. 170°F o 1/2% Versene : 1/2% Versene



APPENDD( TABLE B 2.

=
=3 -
[\
Welght Loss Results (Mgs/ dm? -hr) Obta,med for New Babcock-and’ Wﬂcox Crolov 16=1. and AISI
. C1010 Carbon: Steel Exposed to Caustic Permanganate (225- 250°F) --Rinse Treatment
) : o . -in Loop Decontammauon Tests :
0 o : A S
A . SRR RINSE SOLUTION
5\'5 ' , ' 5% Ammoruum Citrate - ._ »' 5% Citric Acid +1/2% Versene
wn C ' ,
: _ Mgs - Temp. o : Flow Rate "M“s' : : Temp, . Flow Rate
‘Material - . dm: °F © -~ {fps) - ' dmé-hr °F - - (fps)
17.0 200 5 2.4 200 5
: 15.9° 200 5 2.6 17200 5
~Babcock.and 19.4a’ - 200 5 81.0. 200 5
- -Wileox 20.6a" 200 5 13.4 200 5
“Croloy 16-1 10.3° 220 1 38.3 175 1
X 14.4 I 215
© AISI C1010 480 200 3.5 135 - 200 5
‘.'.Carbon Steel =~ 453 . :200 3.5 145 _ 200 5
o 181 .. 200 5 462 - 200 5
. 334a 200 5 394 200 5
’ 382 200 5 346 200 .5
- 357 .200 5 326 - 175 1
390a' - 200 - 5 o k ‘ ’ -
362 220 -1
X 7 401 - 382

a. .10% Ammonium:Citrate
a'  10%.Ammonium Citrate
"~ ="CP105" Temp. at 1759F
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i APPENDIX TABLE: B-3

'r'__Weight Loss: Results - (Mgs/ drh'z-_’—’hr)‘ : "O.bta;ih'ed'- from Various:M etca.lsT Expose'd to-More Than Oﬁe

..Caustic Permanganate (225-250°F) - Rinse Treatment in Loop. Decontamination. Tests
S | RINSE SOLUTION | |

‘Material

. Type304:SS

ELT

- Annealed

Type 304:SS

~Sensitized

-‘ .-5% Ammomum Cntra,te

3

. Flow is

Temp ‘No. .:Rate dm? Temp,

"€CP105" Temp. at 1709F

-h_r OF .Cycles (fps) -hr OF
1.3- 200 . 2 5 1.0 -200;
2,9a 200. 2 5 1.6 200
--2.ba 200, 2 5 - 0.6 200
0.9 200 -2 5 1.3 .200.
152000 2 5 1.0 200
054" 2000 2 5 0.7 175
0.72° 200, 2 5 0.9 175,
0.7a" 200 2 5 0.9 175
3.3 220 5 1
0.8. 220. 6 1
1.8 200 3 5 2.5 200
1.5 200 2 5. 1.7 .200
1.1a* 200 4 5 8.4 200
1.7a' 200 2 5 1.8 200
0.5a’ 200° 2 5 3.4 200
1.5 220 6 1 1.8 175
1 8:0 220 4 1 . 1.5 175
‘ 1.8 175
a 10% Ammonium. Citrate b’
a 10% Ammonium:Citrate

DD DD Ot

. 5% Citric Acud + 1729
- Versene - o

. +Flow a.Mgs S
_No. .Rate dm? ‘Temp,
«Cycles (fps) -hr  OF

O OV CRCR O

Ll ol S IS I IS )

5% Citric Acid
© .2% Ammonium: Citrate

1/2%. Versene

MmN OO CO000OO OO

OO O DD, ©DDNODWD DD
e ) :

C1trlc Ac1d=-Ammon1um C1trate

c220

bl175

b175

€220

SN WL NN WWW
. A% .

: ‘~=-Versene Combmatlon

No. -:Rate
-»Cycles (fps)

TN NDN NN DD N NN

2% Citric Acid

" 5% Ammonium Citrate
1/2% Versene
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APPENDIX TABLE B 4

Welght Loss: Results (Mgs/ dm2 hr) Obtamed from Va.rnous Metals Exposed to: More Than One
“. Caustic Perma,nga.nate (225 250“F) - Rinse: Trea,tment in. Loop. Decontammaan Tests
L . RINSE SOLUTI@N . A
5%.Ammonium‘Citrate 5% Citric Acid + l/ 2% . »... 3Citric Acid< Ammonium Citrate
: . . - Versene : ‘=Versene Combination
g > Flow Mgg - : Flow" Mgg - Flow
A Temp ' No. --Rate dm Temp. _ No. *Rate ‘Temp. :No. :Rate
‘Material . «hr OF :Cycles (fps) ~hr OF :Cyclés (fps) =hr OF .Cycles j'(fps)
:Babcock & 17.3 220 2 5 16.3 200 4 5 . 29.4 2 1
. <Wilcox 16.4 220 .2 5 '17.5 200 4 5 7.5rb175 2. 1
:Croloy16-1 12.8a' 220 -2’ 5. 12.7 200 5. 5 8.2 2 1
' 15.0a' 220 2 5 10.5 175 3 1 12.2)~ 3 .2
10.3 220 2 1 10.3 175 3 1
9.8 220 5 1 S .
-AISIC1010- - 266a 200 2 5 198 200 4 5 »44’? b175 -3 1
.- Carbon Steel 141 200 - 2 5 175 200 3 5 207 2 2
281 200 2 5 271 200 3 5.
254 - 200 2 5 153 200 2 5
306a' 200 2 5 109 175 3 1
.262a' - 200 2 5 92 175 2 1
236a°* 200 -2 5 182 175 2 1
a. 10% Ammonium: Citrate b 5%: Citric Acid - .
a’ 10%: Ammonium: Citrate - :2% Ammonium: Citrate '

.:"CP105" Temp. at 1709F ' -1/2%, Versene
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APPENDIX TABLE C 1.

Wenght Loss“Results on Metal Coupons (1 3/4x1/ 2 x l/ 16 - ~inch) in: Dynamlc Autoclave (1 gpm-. 025 fps)
, . . o Causmc Permanganate at 1959F '

.Maﬁ;erxal ' Heat = z'Total Welght Loss Mgs/dm at T1me Indncated Total Average Penetratmn L

. Sample . Treatment

's%)

191

-
N2
<

LT

..No. ... Conditions.

-ﬁc-3o,"
Toia
,,C_32 e

%

Type:304SS Sensitized

§-14
8-15

X

. :Carbon Steel

ATSI - C1010 Hot Rolled
1-19
¢ 1-20

X

oo

E 4
- 4.

172

g Type 304SS Annealed :

s
O o ™.

o2
2

4.2

* Area-of sample = 0.129 dm?

B U T Sy

1

N- XN

=3 =3

e

moo

R

0w

. 2

cwuw.. - o -

10.4.

13.8 . .

13,8

4

12.
13.

12.

"15,
24.

20,

© oo

—

[3) JJL]

t:;'8; .

11,
11.
13.

12,

" 18.
17,

16.

36.
58,

47.

- NS

- 18.0
18.9
20.0

©19.0°

69.5

(Hours) : (Mils)
16 - -

010

.012

.035



APPENDIX TABLE C 2

Welght Loss Results on Metal Coupons (1 3/ 4 x1/2x1/1 16 - inch) in. Dynamlc Autoclave (1 ‘gpm-, 025 fps)’
. . o 5% Citric ACId 1/2% Versene at 1750F

'hdaterial g ;Lieax‘

Sample- - Treatment

No. " - Conditions
Type 304 S5 Annealed .

1C-163-A
C-163-B
iC-164-B

X '
Type 304 SS Sensitized

.8-103-A
-S-103-B.
:S-104-A
L S-104-B .
x
=.Carbon:Steel. Hot Rolled
- AISI'--C1010
J-9
I-10 .
I-64-A

Total Welght Loss Mgs/ dm? at Time Indicated

1/2"

© oo
W OO M

885

915
890

1920
902

[y
e
WO -

-1

. 1130
1127

1511 -

Spec1men Removed after 8 hours

** For 8 hours exposure

Area of Sample = 0.129 dm? -

(Hours)

.2' C 4
1.5 1.5 1.5
0.4 0.8 .0.8
1.5 1.5 1.5
1.1 1.3 1.3
25.0 25.0 25.0
11.6° 11.6 . 12.3
25.0 26.1 26.1
13.6, 13.6 13.6
18.8 19.1 19.3
1125 1546 . 2167
1135 1478 2096
1120 .1480. 2008
1540 2069

2069

- 25,
26,

19,

- 1/2

D =D

12.

13.

3537
3742

3306*

3478+

3515

15-1/2

N s‘, HN .ot

N oI

' Tota_l Average Penetratlon

(Mlls)

£ 001

010

1754
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APPENDIX TABLE . C-3

‘Weight Loss Results on Metal Coup@ns (1-3/4x 1/2 x 1/16 - inch) in: Dynamic Autoclave: ity gpm-. 025 fps) ‘
_ : 5% Ammonjum Cztrate - 1759F |

~ ‘Material. - ‘Heat - Total Welght Loss Mgs/ dm at. Tlme Indicated Total. Average E_gn,etmtion
. Sample:: - .- Treatment .- - ' (Hours) (Mils) - :
-No. : Condltmns - 1/.2' ) 2 4 - 8 e 16 :

~ Type 304:SS Annealed |
.C-153-A
SC:153-B
C=154-A - .
‘C- 154=B:

X

. 001

© oo,
o o000
N e
w MDoN
R SN S Sy Sy
> oo
- 'D—'ﬁ'b—k&—l#-l_
“al O O O D
B el el
N e R -]
e X
- OO D =T

.Type 304 SS _Sensitized

§-03-A - .. 54 7.8 132 163
$-93-B , 5.0 7.8 -T.8° 13.6 -15.5 = 17.8 ~.008
5-94-A 5.0 7.8 7.8 10.5 12.4 163 ~
'$-94-B 58 7.0 85 10.0 12.4 16,3

X 5.3 1.5 7.4 10.5 13.4  16.7

: Carbon: Steel -Hot Rolled

AISI-C1010 : e :

I-61-A . : 695 1049 1778 3145 6186* - 2,97 **
1-61-B . ' 685 1096 - 1617 2982 5736% “ ' :

XD e o . 690 1072 1697 3063 5961

- * Specimen remove_d after 8 hours
** For 8 hour exposure ‘
. Area of Sample =.0; 129 dm?2"
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. Type:.304-SS . Annealed

APPENDIX TABLE .C-4

.Welght Loss: Results on Metal Coupons (1- 3/4 x:1/2 x 1/16 - mch) in. Dynam1c Autoclave (1 gpm-,025 fps)

- 5% Ammomum Cltrate, 2% C1tr1c Ac1d 1/ 2% Versene at 175YF

- . Material : Hea,t Total Welght Loss Mgs/ dm? at Tlme Indlcated Total Average Penetra,tlon
-Sample Treatment , , : (Hours) : L (MllS)

No. " Tonditions 1/2 1 2 4 8. 'A -1‘6

C-155-A 0.0 0,0 00 00 1.2 1.6 o
<'C-155-B 0.4 0.4 0.4 0.4 0.4 0.8 .001
1C5156-A 43 4.3 4.3 4.3 4.7 5.4 i
: C-156-B 1.6 1.6 2.3 2.3 4.3 4.2
X 1.6 1.6 1.8 1.8 .27 3.0 -
_Type 304.SS :Sensitized -
S-95-A 58 6.6 10.1 13.2 155 16.3
S-95-B 6.9 10.5 10.5 13.9 -16.3 17.1 .009
S-96-A 9.7 .11.2 12.0 15.9 17.1 18,6 ‘
S-96-B 6.9 89 -89 132 163 171
X 7.3 9.3 10.4 14.1 16.3  17.3
: Carbon Steel ' HotRolled |
-AISI --C1010 | |
. 1-62-A  782.6 1226,7:2091.5 3819.4 8570* o ‘ 4,27+
1-62-B .. 720.9 1062.8 1805.4 3865.3 8565* - ' ‘
x | 751.8 1144.8 1948.5 3842.4 8568

Spec1men removed after 8 hours
** - For .8 hours exposure :

' =Area,of- Sample = 0.129- dm?
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APPENDIX TABLE D-1

Wenght Loss ‘Results Obtained on. Type 304. Stamless Steel (1 3/4 X 1/2 x1/16- Inch Coupons)

Material -Heat

- Sample Tr eatment

No

T

Type 304. ss “A'n'nealedf

- .C=27

C28'

7C-29

- ;
p—

;=X

PRI

Type 304-SS - -' -Sensitized
5-41 |

. 5+42

. 543 .

X

Area of Sample = 0.129 dm?

. Exposed in. Caustlc Permanganate at 77°F (25°9C)

Total Welght Loss - Mgs/dm? at Tlme Indicated.
| .(Days) A g |
7 ‘14 21 . 28 35 42 49 - 56

- N--NE
e, O A

EE
W D

PooN
3 -

[

Jo 3
R K- K- T
(o]

[=;)

DN
L J
o0
L
(S
[32)
©
|
K
2
o
=]
[{=]
's
w0
L
[y
it
(=]
w

140 = - = o
151 17.  20.2 217  22.5
14,3 16.7 19.  20.2  20.6

S RN
g o
o g O

\

[y

[y
S oo

NS
W
S
>
(Vo]
©

14.5 16.9 = 19.6  20.9  21.5
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APPENDIX TABLE D-2

Wenght Loss: Results Obta,med on Type:304.Stainless. Steel “- 3/ 4x1/2x1/16 -Inch: Cbu.pons)
Exﬂosed in. Ca,usuc Permanga,na,te at 1220F (5000) ~

.»Ma_terfié_,l ~ +.- .. Heat |
Treatment;.

-Sample
No. :
| “

Type 304:SS

;:f.C -24

J p='26
X
: Typg': 304:‘ SS ;S_ens_,it-i,zec'i
.55;22 | '
5-24
S-25

.Area of _S_a;-x:nple =.0.129 dm?

. Anneéaled

- Total Weight Loss - Mgs/ dm? at Time Indnca.ted

7

s e}

e
- X O 0

14

o
[{e]

13.2
12.8

14,7
136

~.(Days)

a1 28
6.2  10.1
9.3 101
8.5 8.9
8.,0: 9.7
16.7 19.0.
15.9 - -
18.6  20.2
17:1

19.6

.35

25, 2

. 25, 6
25.4

42

26.4
‘2751
26,8

49

1 29.8
29.4
29. 6

56

31.4

31,0

31, 2



,,Type 304 ss

> Carbon: Steel
1-38-A

vWelght Loss: Results Obtamed on- Type 304. Stamless Steel and. AIST C1010 Carbon: Steel

~APP ENDIX TABLE D-3

(1=3/4x1/2% 1/16 - Inch: Coupons) Exposed.in, Caustnc Permanganate at 167°F (75°C) -

CL Ma,ter ial - Hea,t
- Sample

- Treatment
No

Annealed

,11.0=A .
110-B
111-A.
111-B

Type 304.8S  :Sensitized
8-56-A

' 5-56-B

S-5T-A

$-57-B

Hot Rolled

1-38-B
I-39-A

1-39-B

CaTe i

- & Area of Sample =.0.129 dm? -

o

. Total Welght Loss --Mgs/ dm? a,t Time Indicated

Bl b

‘=3

6

6.
5.
4.

CONdN -

|0 © b

o

G o -
- =T

9

°
-

‘H,__
oo
- X N

T o oven
] [ [ o

1L,
12.
.13,

12.

(DaYS)

11 16

12,

. ‘o

33,1

331
30.6

.34.6

33.0

SO
Toao=

=3 W0 W

HO DO

22

- © @3 -

17.1
"16 0
16,8
17.:6

125
115
131

124

2

18.
18.
8.
19,

169

148
164

160

© oo -

o

S - Y- I

18.

DN DWW

[3;
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APPENBIX TABLE D 4

Weight Loss; Results Obtained on Type 304 Stamless Steel and AISI C1010 Carbon: Steel S
(1 3/4x1/2 x 1/ 16 - Inch Coupons) Exposed in Caustic Permanganate at2039F @SOC) .
_ M’aternal ' nHeat i, ' Total Welght Loss; - Mgs/ dm at Txme Indicated
Sample L Treatment o (Days) : ; |
No. - A 2 4 9 14 18 - ”22- - .28
Type 304 ss _Ann,ealed o
Ce126-A | | 47 7.8 9.0 12,9 13.3 18.4  .22.3
©C-126-B — 105 9.0 117 14:3 1811 21.4
C-127-A 2.3 7.1 .87 12.8 14.3 18:4 21.4
1C-127-B 2.7 .8 9.4 125 141 184 227
X 3.2 7.6 9.0 125 140 18.3  22.0
Type:304.5S :Sensitized B I
S-T0-A 7.8 14,1 19.1  25.8  29.7 367 4l.4
S-70-B 8.3 13.6 18.2 25.0 28.8 36,7 40.5
S-T1=A 6.4  12.4 16,5 22,9 - 27.8 ' 33.8  39.1
.8-71-B 5.5  14.8° 18.4  24.2 .29.3 35,2 42,2
X 7.0  13.7  18.6 © 24.5 . 289 35,6  40.8
{CarboniSteel  “Hot Rolled R . o
1-52-A 7.8 438 63.7 . 15.8 — 129 211
1-52-B ‘6.3  51.9° 178,0. 88.1 139 —
I-53-A — 45.3 69.9 83.6. 115. ‘143 222
I-53-B — 59.4  91.7 = ~— 127 149 238
X 7.1 50.1 - 75.8 825 127 140 224

Ar ea.of Sample =:0..129 dm2
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APPENDIX TABLE D-5 .

Wenght Loss Resu)lts Obtamed on Type 304 Sta.mless Steel a.nd AISI C1010. Carbon Steel
S (1-3/4.x 1/ 2x 1/16-Inch. Coupons)- Exposed in' 5%: Amamonium Cntrate, 2%. Citric Acid,
o , - Mz% Versene at’ 77Q F {25°C) -

[Materia,l o Hea_t ‘ - "Tota,l Welght Loss - Mgs/ dm2 at Tlme Indlcated
- Sample .Treatment - _ , (Days)
:No.,_- o - . B 5 8 N 13 . 20 - ,28
Type- 304:'SS .Annealed
iC+149-B - < . - - 1.6
-~ .C=-150-A" ' 1.2 1.2 1.2 2.7 3.1 b
1 C-150-B 0.8 1.6 1.6 2.7 3.9
X - 1.0° 1.4 1.4 2.7 3.5
Type 304:SS ~ Sensitized | - |
5-89-A | 6.2 7.8 8.1  12.8 17.1
- S-89-B 7.0 7.0 8.1 12.0 - 15.5
-S-90<A 5.4 6.2 7.0 12.0 -15.9
'8-90-B 50 7.4 81  12.8 155
X 59 7.1 7.8  12.4  16.0

~Carbon-Steel . Hot-Rolled

1-28 | | » | 3048 4735 7068 10,567 14,042

I-81 | 3360 4567 6687 - 10,032, 13,402
X L 3204 4651 6877 10,300 13,722

' .Area of Sample = 0.129 dm‘2

r
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