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SIMMARY OF CORROSION SAMPLE DATA FUR HRT MOCKUP PERIOD ENDIRG JULY 28, 1956.

- The HRT mockup was shut down on July 28, 195 to repeir

8 leak in the Fulton-Sylphon block valve used to iso-

lste a hydroclor# by-pass loop from the main loop. A%

b thiz time it wme declded to remove and replace the cor-
rosion samples in the loop and examine the loop for any
avidence of sorrosion attack.

I. GENERAL

During the reported period of mockup operation, March 26, 1956 to July 28,
1956, opsration was on G.042 m BOGSOL,0.02% m HpS0,, and 0.005 m CuBOy

at IN0YC and 2000 psl pressure. High pressure oxygen injecticn wee employed.
The pressurizer vas cperated at a temperature of 340°C. Totel oparating

time during thiz paericd was 2453 houra. The over-all corrosion rate for this
perind, as deteruined by chemical analysiz of the selution, wes 1.5 mpy.
Chloride concentration remained at < 3 ppm throughout the rn. Several 1
shut-dovne were made during this psriod dus to leaks and mechsnical failures™.
On two cceasions, the system waz fillad with new sclution before resuminhg
operation, The uranium concentration varied from 9.0 to 11,5 g U/l during
thiz period,

Three T-day runs were made to test the removal of raretearch and corroeiom
product sellds with a h;rdr::-eloneg. In sach of these tests, approximmtely
360 g of solids in the form of iron, zirdonium, copper, and rare-esrch
sulfates or oxides were injected Inte the mockup fuel esystem. Most of theee
Bolids were deposited in the system before reaching the hydpoclione. The ;
! horizontal header between the main loop snd the pressurizer contained a L
heavy deposit ¢f solids on the bottom. After removing the splids, the
* bettom of this line had a red, rusty £film and the top = black f£ilm separated
- from the bottom by & small area of shiny metal. HNo evidence of pitting or
localized corrosicon was found in the header, A sample of the aclids from
the header zent for chemical analysis gave the followlnz result in welght

percent: “

Fe, 34%.1; Cr, 3.86; 2r, 20.4%; Wi, 0.26; Cu, 0.49; F ; 0.2; €17, 0.02%; su;, 1.56;
and U, 1.2,

The wraniwa and sulfate were present in the soup; nickel and chromium are
corrosicn producte; copper was both in the soup and sclide injected; iron

and sireconium weres injected in the solids; and chlorids and fluoride were
lapurities in the solids ipjected into the syabem. An anelysie of an original
solids batch showed concentrations (based on solids) of chloride and fluoride
of 170 and 60 ppm, respectively.

The pipe cap at the presswrizer end of the horizontal headsr was cut Trom
ey the system in order to examine this part of the system. In machining e "J°
bevel on this pipe cap prior to welding it back inte the syatem, pits and
o eracks were found om the inner surface about 0,2 in. through the 0.469-in.
well, Thia cap had been machined from 4-1in. type T stainleas stesl hacstock.
Chemical analysis, along with Husy teet results, of this atoeck are shown in
Teble I. The Huey tests were conducted in accordance with ASTM Specification
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A-262-507 and Specification HRP-2U0s on specimenz sensitized for one houw
at 1200°F, The resulta prasanted are avarage valuaz expressed in mils per
month of corrasion for five separate successive forty-sight hour periods.

TABLE I°
¥ CEEMICAL ARD HUEY TEETS ON CAP MATERTAL
Cr Hi Mo c 51 g P §b_
. 1.1  11.% 1.58 0.0hg .56 0.013 0.022 0,84
Huey Test Values mm -~ avgE.
1st Test 1.0
2nd Test 0.7

This cap had been in the system for & total of 3662 hr of operamtion. It

had bean removed from the loop on two previcog occasions and weldsd hack
™ in place. The cracks were approximately one-half inch from the weld ares.

The bottom of the header leg was gamma-graphed and no syidspnse of furthep

cracking was detected,

A type 347 stainless steel O-ring used in the mein cirenlating locp flange
vhere the sample holder iz located had s black film indicating some leakaps
into one of the Tlange grooves. A dye check of this ring showed saveral
piln=point holes in the seating surfsce. Both the pressurizer header cap
and the O-ring have been submitted to nmetallogyaphy for siamination and a i
separate report will be igsued by that group cn their findings.

II. EAMPLES

o The corrceion coupone were ingtalled in the mockup March 26, 1956. Coupens
made of titanium 754, Ziresloy-2 and types 309 SO0 and 3IWT stainlega steel
in & titanium holder were exposed in the dovngtresm gide of the main eiren-
lating line. The titeniuvm samples had & gold colored film with patchea of
blue; the stainiess gteel samples wars rusty coloraed; and the Zircaloy-2
genples had 8 grey-black, tightly adherent fllm. Type 34T ptainless
steel coupons mounted om a stainless stesl bar extenided throvgh the vertical
leg of the pregsurizer, Thess ssmplesg had a heary rust colored ccale on
the bottom eamples snd thin, blaek films cn the top ssmples. Complete data
snd photographs of the main line samples end holder befors sxposure are
glven In a previcus report3. Corregicn date for all camplez are presented
in Tables JI and III.

Ssmples of the film or geale from several of the samples and holders, both

* mein eirculating line and pressurizer leg holders, wers submitted for x-ray
and =pectrogrephic analysis, Resuliz of thess analyzeg are shown in Table IV,
It will be seep thet el scales had eszeptislly the same composition axcepth

* the scale from sample MK-25 had o highey uranium, nickel, and copper content.
Ho resecn 1a koswm for thie senle being differant from the geals from the
bholder whieh was in the same vicinity.

A
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Photographe of the sample hcelders ae removed, as well as photographs of the
individual eoupone both befors and after defilming, sre shown in the
acoompanying photographa. Figures 1l throwgh 4 show the holder in the
girenlating line as removed. TFignras 5 through 7 show the bottom half of
the pressurizer lsg holder as removed. The large deposit of sclids on the
bottot of the holder and botiom covpon are essily seen. Figures B through
15 show the top and hottom of the cireulating line samples as removed.
Figures 16 through 31 show all surfaces of these coupons afber defilming,
Figures 32 through 35 show the presgurizer leg couwpons after defilming.,
Pigurea 36 through 31 are enlarged views of the pressurizer leg coupons,
showing the localized atiack which occurred.

The appendix eontaina a tabulation of the negative plate pumbers of all
photographs,

A similar srray of new samples has been inserbed in the mockup for the next
period of cperatlon.

1,
2.

3.

HRP Quarterly Progress Report for July 31, 1956, ORNL-2145, p 17-18.

ERP Quarterly Progress Repert for July 31, 1956. ORFL-2148, p 118-11g9.

Corrosicn Semple Datm and Fabrication. CRNL-CF-56-6-83.
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TABLE II

MATN CIRCULATING LINE SAMPLES

ELITSEVIONN

Coupon Pogitlcon Sample Corrosion

gample from Flange End Arczg. Weight Change,mgz/cu® Rate .
Form Ha. o= of Holder As Removed Defllmed Defiloed Appearance
Coupon H-100 Ti=T5h 1 20.7 + 3.00 - .18 0.0k Gold=color=d film. FPatches of blue.
Coupon H-105 TL-T5A 8 20.7  + k.07 - 0.23  0.07 s " " " "o
Coupen H=09 Zircaloy-2 2 20,7 + B.12 Gain * Gray-black,tightly adherent film.
Coupon H=100 Zircaloy-2 T 20,7 +10.97 Gain * - " " " "
Coupon H-102 347 53 3 20.7 + 6,78 - 0,86 0.15 Rust=colored scale, Uniform attack.
Coupon H-103 347 S8 6 20.T + 5.9% - 0.88 0.15 " " " " "
coupon H-81 309 &Cb b 20,7 + 7.85 -1.08 0.9 " " " " "
Coupon H-82 305 5Cb 5 20.7 + 8.73 -~ 1.065 0.18 " " " " "
Serew MIA  Ti RC-55 - k.3 -- 0.5L. 0.16
Serew MUC . TL RC-55 -- 4.3 - - 0.88 0.27 -
Sample=a exposed for 2452.5 hr in uranyl sulfate zolution.

*Tightlz,r adherent film could not be removed by standard defilming methods,

¢ adeg
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TABLE III

FRESSURIZER VERTICAL LEG SAMPIES

* p Corrosion

Coupon Fogiticn from Weight Change, Eggcm Hate

Ho. Top of Freasurizer As Removed Defilmed Defilmsd Appearance

ME=20 1 +0.0b -0.24 0.04 ark grey atain, Mpderate pit attack peasr drilied hole
vhere fastened.

MK-2 2 +,07 =0 05 0,08 Derk gray stain. Pew pits. Heavy attack at drilled
hole where Tastened.

ME-21 2 +0.04 =0.25 0.0b Dark gray stain, Moderate pit attack near drilled
hole vhers fagtensd.

MK~1t 4 +0.06 -0.25 0.0 Dark gray stain., Few pits. Heavy attack at drilled
hole where fastened.

MI-22 5 ~0,01 -0,35 0. 06 Dark gray stain. Moderate pit ettack near drilled
hole whers fastenad,

MK-23 ) -0.16 -0.95 0.17 Dark gray stain. Hesvy pit attasck over-all.

ME-TT T +0.37 -0.62 0.11 Dark gray stain. Few pites. Heavy atteck st drilled
holes vhers fastensd.

ME-24 8 +0.33 -0.35 0.06 Dark gray stain. Moderate pit atisck over-all,

MK-25 & +2.33 ~-1,38 0.24 Dark gray stain. Heavy pit attack over-sll, Few

large deep plts. Cracks on snde and adges.

ALl coupons exposed for 2452.5 hr in uranyl sulfate soluticn. Exposed area of coupon = 17.7 ee.

*Pusitima 1 through 3 in pressurizer vapor phace.

Position § in water-acup loterface in horizontal header to

pragsurizer, Qthers 1o water region of vertical leg,

(T IITESVIORI
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TABLE IV

ANALYSIS OF SAMPFLE SCALES
Weight Percent

Sampie A Sampie B Sample C-
“ Analysis Spec. X-Bay Spec. X-Ray Spec. X-Bay
Fa = 10 > 10 = 10
Cr 3 2 3
U 2 > 10 2
2 Zr > 5 > 5 > 5
Ni 0.2 1 0.5
fu 0.1 1 0.5
Other, (e} {e) (e)
Fep03 To- TE-EU T2-00
- ZrOo 10- 10-4o 10-40
U0y 1-5 1-5 1-5
RiQ 1-5
Cul 1-5

8. Scale removed from the bottom of the pressurizer leg sample holder. Also gon- |
. tained 170 ppm chloride. |
b. Scale fram pressurizer lag semple MK-25. NHo analysis for chloride.
¢. Bcele removed from the circulating line sample holder. No analysis fer
chloride.
4. BSolid solution of CrpQ, with Fepls.
g. Bmall amcunts of rai:'e-gart.ha and corrosicn products.
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APPENDTX -

SAMPLE PHOTOGRAPHS'

Satple Hupber Holder {orrpsion Lab Plate No.
H-108 Main Line 1546, 1662, 1666, 1668
H-109 Main Line 1645, 1662, 1667, 1669
H- 99 l'hin L‘lﬂ& 1-61*7, 1663, 1666, 1565
H-100 Main Line 1647, 1663, 1667, llggg
H-102 Main Line 1648, 1564, 1EE6,
H-103 Main Line 1648, 1664, 1667, J.sgg
¥-81 Main Line 16kg, 1665, 1666, 16
H-82 Main line 16hg, 1665, 1667, 1669
=2 Pressurizer 164k, 1645, 1670
ME-25% Pressurizer 1671
MK-T Pressurlzer 1604, 1545
ME=25 Pressurizer 164k, 1845, 1572

2

SAMPLE HOLDER PROTOGRAPHS

Figure No. Holder Y-12 Plate Ho.
1 Main Line 26881
2 Mzin Line 2H882
3 Main Line 26883
I Main Line 26884
5 Pressurizer 26878
6 Fregaurizer 26875
T Prespurizer 26880
SAMPLE FHEOTOGRAPH FIGURES
Figure No. Corroglon Lab Plate No.
8 and 9 1646
10 and 11 1547
12 and 13 15648
14 and 15 1645
15 and 17 1662
18 and 19 1663
2G and 21 1561
22 and 23 1665
24 and 25 1666
26 and 27 1667
28 and 29 1668
30 and 31 166}3
32 and 33 16
3h amd 35 1645
36 and 37 1670
38 and 390 1671
4O end 41 1672
1

Sample photographic plates are on file with J. L. English of the Materials Ressarch
o Sectlon, Eeactor Experimental Englneering Division, Cak RKidge National Laboratory.
Sample photogrephic plates are on flle with the Y-12 Photographic Section.
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Photo-26882
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Figure 2
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Photo-26883
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Photo-26884
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Figure 4
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Photo-26879
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Fig. 8 - Coupons As Removed, {2.6%)
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Fig. 9 = Coupons As Remowed. (2.6x%)
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Fig. 10 - Coupons as Removed. (2.6X) Fig. 11 - Coupcns as Removed. (2.6X)

-LI_



Fig. 12 =~ Coupons as Removed. (2.6X) Fig. 13 =- Coupons as Removed. (2.6X)
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Pig. 14 - Coupons as Removed (2.6X)

Fig. 15

g1

- QOoupons as Removed.

g2

(2.6x)
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HI108  H/0F HI08 HIOF

Fig. -
g. 16 Coupons Defilmed. (2.5X) Fig. 17 = Coupons Defilmed. (2.5X)
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HY7 | Hiloo

Fig. 18 - Coupons Partially Defilmed. (2.5X)
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H77  H100

Fig. 19 - Coupons Fartially Defilmed.

(2.5X)

_‘[z-



HIOZ ~ H 103 H/02 H /03

Fig. 21 Coupons Defilmed. (2.5X).

Fig. 20 Coupons Defilmed. (2.5X)
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Fig. 22 Coupons Defilmed. (2.5X) Fig. 23 =~ Coupons Defilmed. (2.5X)
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Pig. 24 Coupon Sides Defilmed, {2.5}1_:} Fig. 25 Coupon Bides Defilmed. (2.5%)
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Tig. 26 Coupon Sides Defilmed.

(2.5x%)

Fig. 27 Coupon Sides Dafilmed,

(2.5%)
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END N=AR NuMBER

Fig. 28 Coupon Ends Defilmed. (2.5X)

i

- g/
s
- 79
m /08

END AWAY FROM NUMBER

Fig. 20 Coupon Ends Defilmed. (2.5X)
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END NEAR NuMBER END AWAY FROM NUMBER

Fig. 30 Coupon Ends Defilmed. (2.5X) Fig. 31 Coupon Ends Defilmed. (2.5X)
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Mk2 MK-7 MK-25

MK-2 MK-7 MK-25

-Ez-

Fig. 33 Coupons as Removed, (2.3X)

Fig. 32 Coupons as Removed. (2.3X)




Fig. 34 Coupons Defilmed. (2.3X) Fig. 35 Coupons Defilmed. (2.3X)
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Plate-1670-1
Flate=1670-2

(10%)

Fig. 37 = Coupon MK-20 Defilmed.

(10x)

36 Coupon MK-20 Defilmed.

Fig.




Fig. 38 - Coupon MEK-23 Defilmed.

(10%)

Fig. 39 - Coupon ME-23 Defilmed,

(10K)
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Plate-16T72-1
Plate-1672-2

(10x)

ilmed.
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40 - Coupon ME-25 Defilmed. (10X)

Fig.







