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PRSI v

. Initial Scientific Notebook for Alloy 22 Propagation Rate Measurements |

et 04 e 8 A St . N P B S8 £ 1 4P J— o !
i R ... Title: Alloy 22 Propagation Rate Measurements ww
~—  Tests Performed by: Xihua He, Div. 20; Brian Derby, Div. 18 e
""""" o _ " Objectives: Determine the propagation rate of alloy-22 as functlons of time, T
S S ‘ . temperature, and solution composition N
—--  Equipment: Electrochemical test cell with single crevice, Solartron 1287 I -

potentiostat, thermocouple and temperature controller, microscope

Materials: Alloy 22. Material heats to be added prior to testing.

— Specimen Specifications: Cylindrical specimens 0.250x1.915” N

e —-  Measurement Parameters: Temperature and time of exposure, Potential and T
Current of specimen during test, penetration depth per ASTM standard G46-94.
Standard Guide for Examination and Evaluation of Pitting Corrosion

—. (microscopical method 1 division = 1 pum)

e el e mann

S —— Required Level of Accuracy: Temperature +2°C, Time of exposure *1 minute, e
\ Potentials £1 mV, Current £0.01 microamp.

- : ~ _ - Uncertainty and Sources of Error: Current density calculated as current divided
, by corroded specimen area. Actual current density of corroding areas is not

~— determined. Current density measurement error can occur for localized processes e
because the actively corroding area is not the same as the crewced area of the test -

.spemmen ‘ T

. | 7“/Lc'/kl‘6a/€'en5@fﬂ wak redtied on L’/zé/o ¢ 20d Pwéwt o PRJ’Q (77.
e | Tk onkd ey revised based on  CAR No. zet— %
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e-mail; xhe@swri.org &
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i
Hole with thread Holes with NPT, evenly
tofitthe spaced, centered
TEFLON bolt 2.00+£0.02” from edge
‘.___'_— 7.50£002" dia ————| |
3/4” withstraight thread i
|
1.00£0.02” :

Drill to clear 0.25£0.01" diameter
Centered 0.37540.010” from edge

Jeo

i Initiated by: X. He Date

g Ginjen

[e——— 59610.01"dia —— ¥

O-ting groove
0.25£0.02" deep
0.1510.02” wide

b/1b] o0y
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0.1540.02” wide
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5.96£0.01” dia
0.25040.002”, drill to clear
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AR 4ty

QA approval: B. Brient Diite fe

Xihua He Xihua He SwRl )
I drawing #
CNWRA-SwRI . CNWRA-SwRI w
— ) SwRI drawing # > : 210-522-5194 06002.01.081.017
o s 06002.01.081.014 :?:::1;1(2)-]522-:081 v ' .
e-mail: xhe@swri.org : e-mail: xhe@swri.org TEFLON Fitting for bettom lid
) Teflon bolt with 3/4”-16 thread
to fit on top lid
/’;/8“10.005 ™
< / e lo.sm.o o - NG
Z —

,__/,"_”/% 0.25020.002" dis,

_—/ dril} to clear ;

__,,——’// | |

% 2200 | 2000058 | |

_,//,4 | y |

% oassour] | ! |

1.250"-1 1.2540.02”
N thread
e ]
N , !
o i 1.25” dia 1

* . Initiated by: X. He Date

S&@ﬂeéﬁ Q‘ es”
eviewed by? V. Jain DaFe

Imtiated by: X. He Date

eviewed bys\V. Jain Date

QA approv‘al: B. Brient Date

Kfot 4

Y4

QA approval: B. Brient Date

[:Lw«r@(zv( 'AM:?'LE U][ ﬂaﬁ(k}{ 22, Dbk 3{/%1&54/%&”%
densety

P o Moy 2> . 869 9 em?
/R S d ’ 4

X-H Sfa3fe(




Lecalzed (oveosion
C-22 Propagation Rate Measurement
-H §f23[e8
AIonISpecnmen C22 with Heat # 2277-8-3175

Specimen Preparation: Specimen machined to dimensions 1.917"*0. 250"specified in CNWRA Drawnngjf— 20- a{q—og 5 7{ o 17
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI .
water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz. X H ///3/ 0 j

Torque Screwdriver: Snap-on USA

Cal: 03/03/04

SN: 1001200319
Due: 9/03/04

TestID: <22PRov|

Solution:

4t Mgty

203309 Mgty G [t 040703 +DT Hoo 4o 2-t ]

Reagents measured with Model: OHAUS SN: 2883
Cal: 2/04/04 Due: 8/04/04 ‘

Initial pH: 2.3 | Model: Orion EA 940 SN:2330 ;

Final pH: 5 é? Cal: 7/21/04 Due: 7/21/05 s e
pH Probe: #13-620-296 SN: 4079126P :

Test Temperature: l { DOC Measured with Thermocouple SN: 333

Cal: 07/20/04 Due: 01/20/05
Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52 SN: 0199568
Potentiostat: Si1287 Cal: 01/26/04 Due: 07/26/04

Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused

Data Files: CZ}"(D?rOgU; c22 P(b})_ O@@ CR2Ppp o808, (22 Prbf—- 0804 . ‘
c ?&Pn? ogv], C’>LPn’,9 o%0%, ¢ ‘)/?/Prpf o 3'07 C 7«)19@? 2, T

Test dates: Aug P eh«.z_ 17, w4 c 22Pwp- 03//_( S

Propagation time: (.IZ)K(O 2‘-""‘5" 3137 A.MS = (3.] ﬂl’r

Creviced area: T >¢(;;/Ah )2 = 10.6 mm). ,
Estimated crevice corroded area: 5,7 mm

Maximum penetration depth:

l%O(MM

 Sppcnan i cok 5o fon o el fomk e for

mmm

/lo/oéﬁ

1.0E-04 y—— - 0.5 -
] £ 0.4 - :
1.0E-05 - : 4
] 03 X
Current 3 w @
3 0 L
< 1.0E- 06 3 - 0.2%\@ - -
lt-' e 4 '
5 o3 X T
£ ] ;0-1 T A —
e B 5 |
- - : i
O 1.0E-07 : 00 5 ) w
: i 0o
- a
| - -0.1
1.0E-08 Potential
] A £ .0.2 -
10E'09 - L . - . L 4 . | ! ) . L . ) . L . nl - -0.3 o
00 3487695 1042 139.0 1737 208.4 2431 277.8 3126
' Time (hours) : S
4 Propagation period )
e 1.0E-05 & pagafion p o042 S
Current £ .0.13 B
“ a E :
- -0.14 o
- e
C 015w
: O T
" < : il 016 2 <
€ Eo 5N
o & 1.0E-06 - ~ ., 017 = N
3 : =
© N 0188
B ] : 2
. 5 -0. 1 9 m A LA B A Al A AR 7. T
R 1 Potential 3 -0.20
F .0.21 T
1 .0E'07 . . PO 4 L A 1 . I . I . ] - _0.22 s i e s

57.9 92.7 1274 1621 1968 2315 266.3 301.0
Time (hours)
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Lwlfze(/{ Coryrsion

C-22 Propagation Rate Measurement
Xt 6‘{2 B(QS

Alloy/Specimen: C22 with Heat # 2277-3-3266

Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing # 2o o/¢o}. 5 /- o/j ;
Xt /////g (

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI
water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz.

SN: 1001200319
Due: 09/03/04

Torque Screwdriver:

TM ID : C22AR00D2

Solution: @ N Mﬁ/az

Snap-on USA
Cal: 03/03/04

T N T

X oo thafc
: 23[0%
Some sobalin as Ak Coofm| (fage 8) W
Reagents measured with Model: OHAUS SN: 2883
Cal: 7/15/04 Due: 1/15/05
Initial pH: 2- %] Model: Orion EA 940 SN:2330
Final pH: 2.3 Cal: 7/21/04 Due: 7/21/05
i # pH Probe: #13-620-296 SN: 4079126P

Test Temperature: /() oc SN: 333

Due: 01/20/05

Measured with Thermocouple
' Cal: 07/20/04
Counter Electrode: Platinum Flag

Reference Electrode: Fisher 13-620-52
Potentiostat: S11287

SN: 0199568

Cal: 01/26/04 Due: 07/26/04
Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused
szfmf_a& 18, czﬂ’rv{k 082, CWP"P’ 0824 €3> Prop_ 0837, €22 P,Df_,,g;%
C’)J("r»p,ﬂ&’%»O , C32 0922 €220 _ofa(”
Test length: A;’% L& - SM 8’-%@% \’(;H, S/Z}/ g f

801 howry I [-128 Xio” Secondly, &Y 22.0 &%g
Creviced area: (0.6 MMZ \ﬂg\‘5']mm7’
Estimated crevice corroded area: | zg/uM
Maximum penetration depth: 4/’/

Fronk fuie crevicd aes 15 eled - Thone b oo git ok He side A
w balow e soludion (evel |
X o Ho 8[>[omg

Data Files:

Test dates:
X ‘r’( \S‘_/Z;/oi/

~aim

1.0E-05 - - 0.20
] : -
- 0.15 o>
z >
F010 5
E 0.05 t
Current - w .
< 000 @,
- § =D
S 1.0E-06 - 0,052 =
3 . =
o £ 010 &
o]
o
- -0.15
Potential ’ -0.20
- -0.25
1.0E-07 ' ' e ' —t £ -0.30
0 69 139 208--"7" 278 347 417 486
’’’’’’’’’’ Time (hours) *
o X tmy
1.0E-05 - ©
: - 0.18 =
; : &
£ 0.13 -
- <
-0.08 |,
Current e B
urren -
T e 00 § 2
c i o .
g 1.0E-06 - £ .0.02 ®
= et
O [
- -0.07 .8
[+
- -0.12
Potential L .0.17
1.0E-07 ' : - -0.22
277 312 347 382
Time (hours)
Corrent C_A)

0404 Ccm*)

Xlro o

Ao (>0

11
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Lualzed Corromen
C-22 Propagation Rate Measurement

XH 5 (2}[o§
Alloy/Specimen: C22 with Heat # 2277-3-3266

' Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing# 22
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI

water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz.

Snap-on USA
Cal: 09/03/04

Torque Screwdriver:
Test ID (22PROD3

Solution:

S0l solbiovy an Ak C32pRoV| waaﬁg)

Reagents measured with

Model: OHAUS
Cal: 7/15/04
Initial pH: 23] Model: Orion EA 940
Final pH: S Cal: 7/21/04
(ot o (able spbwl‘imﬂ Jaw'w(pH Probe: #13-620-296
Test Temperature: [(6?, Measured with Thermocouple

v Cal: 07/20/04
Counter Electrode: Platinum Flag

Reference Electrode: Fisher 13-620-52
Potentiostat: S11287 Cal: 09/08/04

Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused

Data Files: (22P1op~07(0,  ¢32Pmp _0913, C>3Pp-09(¢
Test dates: Sepf . (O~ b, 2%
Testlength: /33.5 howrs o £ 698 X0 Sseonds o 6\4—(40(«273

Creviced area: o€ mnz
. . : , 2.
Estimated crevice corroded area: .76 mm

Maximum penetration depth: 1(6/(,,‘4

'%- Sf@é’/fw wias C{.:?é A =mm

(wher Zi:ﬁl
W“k

Kol

QMMW(Jq, 20350 Myl 6HD Loz@;ﬁd@]o;.(.pz

SN: 1001200319
Due: 03/03/05

w%uipziL
NRYE o5

SN: 2883
Due: 1/15/05

SN:2330
Due: 7/21/05
SN: 4079126P

SN: 333
Due: 01/20/05

SN: 0199568
Due: 03/26/05

o 02§ of 7

X H

////&

LMDM m@ S w’“}f , Tha (»?@r

«mé(w&/

L9006 (em*)

1.0E-05 — 0.15
=o.50f cm(dmés -
& 0{ Heater off, [ 0.10
,_l F Temperaturef
] drop - 0.05
i [
- 26 0¢ :
(wla;éup 0( = 0:406 K : -
Co &% A T AT SN B L 0.00
fr | Current :—-/\Z(—Q»/MM <A X(Zyokf 0.0
& 1.0E-06 -
5 ] - -0.10
(&)
- -0.15
' - -0.20
Potential ! -
5 025
1.0E-07 =z : : 1~ -0.30
0, ~~~~~~~~~~~~~~~ 69 Time (hours) 139
: ~~~~~~~~~~~
v ik W ~~~~~~~~~~~
1.0E-05 ] L‘ = vorr » -"‘b«: 0.18
- 0.13
Current
£ 0.08 |,
7]
< s o.osiis ;
] <
$ 1.0E-06 ; - -0.02 &
3 T
(&)
£ -0.07
o
- -0.12
N Potential L 017
1.0E-07 S S V27
0.00 0.14 0.28 0.42 0.56 0.69 0.83
Time (hours)
Crevia covrovion o itiaked 1 65k §€w‘)w€¢

Potential,"vs. SCE

Vot

sr23/e§

XH

13

—
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C-22 Propagation Rate Measurement
eSS

Alloy/Specimen: C22 with Heat # 2277-3-3266

Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing#-»v.(4as).

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetog&,,?yp% }Dl‘gsed in DI x4
water. PTFE crevice fO(I:l:ing Stzzaeltap(ressed againstfpecimen usiq’g tefque‘sf rew@mr| o Lo, a f)mm
0"”1"!» on shaialess $pring. 0@ (0D) X 0,026 (wire diarster)K0-5627( ng;él.,
mﬂ Gﬁ cMasker. Cery. '('{e;mg'é conted wrtte Mloﬂi’bf . 15
Cali-08/03/64—- Bue-63/03/05
-7 ' X. o .
[ et 70 . C}}(’Roo(é H /ttfog

Solution:

I Cagets
Same golwtion o5 Bl aerod| (lege 8

2ed5 g Myl Mo Lo 406734 DT uader Ao 25 (
X-H S’/Q%/ag

Reagents measured with Model: OHAUS SN: 2883
‘ Cal: 7/15/04 Due: 1/15/05 .
Initial pH: 2.3/ Model: Orion EA 940 SN:2330
Final pH: ol Cal: 7/21/04 Due: 7/21/05
T 4lea PH Probe: #13-620-296 SN: 4079126P
Inebel WA'W : ?ﬁ‘; ,‘;g‘{z,""* nedel: Sudorius Gencws — Qu- 12807277
Finel woight - 1229202 3 Col. cfpefoy Dug -+ (tfrtpfot
Test Temperature: ((0% Measured with Thermocouple SN: 333
Cal: 07/20/04 Due: 01/20/05
Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52 SN: 0199568
Potentiostat: S11287 Cal: 09/08/04 Due: 03/26/05

Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused

Data Files: CJLPV”P "0725 / CZ’M’»,)-O?%, CZW”P ..0?27, 6’22/(1117? (502, al}f’mp, too(
Test dates: 23 -0k T, 206
Test length: 204 t\mws - i~l,2)<(66 J@t‘muh = /‘*}7 Cbﬂ/s

) =
Creviced area: "Tj (P“O?%’XQ ”Mt) - 4\.61”7/” )
Estimated crevice corroded area: I—(» o Lm—d( , év oﬂaﬂz A 'T'C_e/rQ are rna:c&l fm% ‘

Maximum penetration depth: ( 0@/« m

Sllecftw?n examiption . Tle uez/zaéi ara o woll W Mf\%f?és

. P M W[aq e . Mot e v@rg M&u) Swf;ug 9@4;@408 o occluded rfafwn

1.0E-05 -
Heater off, |
Temperature}
drop i
<
& 1.0E-06 - . Current
5 E
o
o Potential i
1.0E-07 —ezzm ' ' - . . . , i
0 TTE9-L 139 208 278
- R Time (hours)
.o T
- 1.0E-04 - e
- 0.23
- 0.18
) - 0.13
<  0.08
$ 1.0E-05 Current - 0.03
8 - -0.02
- -0.07
. - -0.12
Potential
- -0.17
1.0E'06 L . | | L L ) . | , L - _0.22
0.00

0.14 0.28 0.42 0.56 0.69 0.83

Time (hours)

T

L 0.00

0.30

0.20

0.10

I\é. SCE
Wik

2y

1a

o
)
Potent

-0.20

-0.30

XM s(fe T

15
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/V(ﬁ%ﬂz T@{l(m Bolt widl, sprvh ongide

Civw Ly Lm.m?g # . C AN Wkd Jmmzﬁ 4. ofov2-0t.98( 0] 4@7» fwg

Teflon bolt with 3/4”-16 thread to fit on top lid
while internal spring is not compressed

/7/ 87+0.005

Teflon bolt with 3/4”-16 thread to fit on top lid
while internal spring is compressed

e 0005 |
L 9 e 0.50£0.02”

5.0+£0.2mm
- (. b %
Sotimm =
E E 50ximm
7.0£0.2mm : 1
v ] : H
S
L 2.040.2mm” Teflon
cone
! 34 1
L
17.78 COILS/INC
.18
OUTSIDE DIA
[ .026
= .56 WIRE DIA
OVERALL LENGTH
McMASTER-CARR[™ = o+350K3
SUPPLY COMPANY 302 SS PRECISION COMPRESSION
DATE: May 2001 SPRING 9/16 OVERALL
SCALE: 9.000 - 1 LENGTH .18 OD .026 WIRE
UNLESS OTHERWISE SPECIFIED hitp:/fwww.mcmaster.com
OUTSIDE DIAMETER TOLERANCE IS +.003"/-.005* AND RATE TOLERANCE IS £0.9% DIMFNSIONS ARF IN INCHFES () 2001 MeMastar-Carr Sunnly Comnanv

)6 ‘A He

(Y8174

0bov) 0i-81,0)0
Lovoer fxr? |

x- 2 2y )




C-22 Propagation Rate Measurement
(.ocw(., 2&( Crrroven
K 5(»}[

1.0E-05

19

0.40
Alloy/Specimen: C22 with Heat # 2277-3-3266 i
Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing# 209/45) 4 7[o/’f } L 0.30
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI X (f ) - ‘3 i
water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz. 4 / "5 \ i |
C2>PROVS | [ 0.20 b
Test D . <23Rors PROZS \ [ u <
Torque Screwdriver: -1 it foe Snap-on USA SN: 1001200319 9 <
Cal: 09/03/04 Due: 03/03/05 < : Current L 0. 1&0,,:;% o
| § 1.0E-06 ; = ST
. _ R = B = X‘
Solution: ¢ (V‘{)d7 20%51% MQXX b o L-o,{liﬂf’ﬂ‘éﬂﬁé + 0.7 waker Ae 2§ | 3 -0.00 &
hion as Aosh £) AURTEY P le 5
Somt soletion as C22PR o1 ( fage /o : : g
Initial weight: 12-4¢43| % Model: Sartorius Genius - SN: 12809099 § [ -0.10 ]
Final weight: fL-4-023¢ 2/ Cal: 05/14/04 Due: 11/14/04 POW:
L -0.20
Reagents measured with Model: OHAUS SN: 2883 -
Cal: 7/15/04 Due: 1/15/05 i
, L 1.0E-07 : -0.30
Initial pH: 2 - 3 '0 Model: Orion EA 940 SN:2330 e T —
Final pH: 5 5 77 Cal: 7/21/04 Due: 7/21/05 "=~-.._ Time (hours) ™
pH Probe: #13-620-296 SN: 4079126P j
o 1.0E-05 B S :
Test Temperature: [{D { Measured with Thermocouple SN: 333 -
, Cal: 07/20/04 Due: 01/20/05 - 0.13 —
Counter Electrode: Platinum Flag Current i $ ;
Reference Electrode: Fisher 13-620-52 SN: 0199568 - 0.08 41
Potentiostat: S|1287 Cal: 10/06/04 Due: 04/06/05 . < - 0.03 8 <
Cell set up: WE+RE2 C-22 specnmen RE1 to SCE GROUNDto Pt CE unused : ! € - ~2 393 ST
¢ 5 9 I, ‘ o 1.0E-06 - - PR
: s X P‘( . g ] 3 -0.02 <
Data Files: CLZ[ (007 , C‘DP(DP—(O’O ”//’/’ © -0.07 §
Testdates: el 7 ~ [ed. (2, 10K ¢
Test length: §9« 7 luxw’e 323 X(d/“r,vé conds 3 T c{mj/s i Potential , - -0.12
Creviced area: [0k mmz ] jn 1 il -
2 : , , , - -0.17
Estimated crevice corroded area: ¢. 745 mm , | -
Maximum penetratlon depth: 46//'"’) , . ‘ : 1.0E-07 : : : : : : 1 .0.22
5 ‘ 0.00 6.95 13.89 20.84
Faam«,ew 6‘&@0‘4(:/ Jlr\ ‘ Ti h )
. : ime (hours
Conmim 1o NJ‘MM/Q s eeQS»? There s &Mﬁ 5/&"”””“"‘3 \ ,

| et CA )

/ | Cimvenk JM%‘? = %}

TAA F&uw?/n Wt ik b mm /fn% U conrvdal f{lnﬂz{t SMTM« . The ("‘YLG & %}tyion wf(od .

wld/ be uaed v fwhw dests . oy 4 [26[0% - /\{j‘lv/ww H (0/18 [ooolf
(

Xiho Ho  te/it />4
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C-2}/Prop::ition Rate Measurement yl 1.0E-05 0.20 -
S A a | A
e Cormyio, y ’ ;
B > Lee x-H 5(25(%5 £ 0.15 )
Alloy/Specimen: C22 with Heat # 2277-3-3266 R xﬁl C
! - 0.10
Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawings .o, ¥ 2L - o
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI X ”/%Sf f-'T L 0.05
water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz. .. - 8 "
: 60 < - 0.00 @
Twé -ID, C22[7£- é L - - Current o ﬁ e
Torque Screwdriver: Snap-on USA SN: 1001200319 & 1.0E-06 - E 0 05\: S
Cal: 09/03/04 Due: 03/03/05 o £ ] TE O
| T © -0.10 ,§ -
5 y . " H g . - ) . — ,, e . s -
Solution: [ﬁ/\'\ Ma 20330 ¢ trglla- bitap LA £ 0¢(T03 DL v As 2:§( L 015 T =
R - 3
Same golukin 05 Fesb C2pR00[ (Pog0.8) <A SpYC _ : e
iti i g22 : 5 Potential - -0.20
Initial weight: (_2-F & ? Model: Sartorius Genius SN: 12809099 i i i ——
Final weight: | 2.4879, ? Cal: 05/14/04 Due: 11/14/04 “““"”" B - -0.25
Reagents measured with Model: OHAUS SN: 2883 e T 1.0E-07 =em : £ -0.30 o
Cal: 7/ : 0o TTTeeeell
al: 7/15/04 Due: 1/15/05 . _ T ‘3‘!1 Time (hours) 139 -
Initial pH: 2-3 { Model: Orion EA 940 SN:2330 L T L
Final pH: ZF?S Cal: 7/21/04 Due: 7/21/05 — I 1.0E-04 M S > \
) pH Probe: #13-620-296 SN: 4079126P ’ F 018 L uuuuuuuuuuuu i
|
P - 0.13 ‘; ..............
Test Temperature: |[§T Measured with Thermocouple SN: 333 ! %;’
Cal: 07/20/04 Due: 01/20/05 | e 1.0E-05 008 |, S
Counter Electrode: Platinum Flag "~ < T S 9 Nl
Reference Electrode: Fisher 13-620-52 SN: 0199568 2 Current 0038, T
e c 5D
Potentiostat: S[1287 Cal: 10/06/04 Due: 04/06/05 g C .0 02>-E“< };
: — 3 - SU—
Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused —— o S (
o 1.0E-06 - - 007 5 |
Data Files: (22 ]9 ol C224 et ] 5)2(9 (020 Yf{ ~ _ - 3 s — —
' T S i S13[%5 - -0.12 |
Test dates: (ot . (& ~ OA . 20, 2wr¢ i , o
Test length: ﬁ?}X/DS seeonds = 166.6 ko, = 494 A“(i«” AR 1, 3o Sely - -0.17
5 2 . —
2 : - - -
Creviced area: (o6 ymm  X-¢| g(aﬂ;{"f 1.0E-07 : bt : et ' ' -0.22 ‘

Estimated crevice corroded area: 3 mm

- XH &

308
Maximum penetration depth: 5é /Am KiH ¢ /

il
C.;fy{ﬁ%;tm Mww( /}9"*’3 *’f Al “«?Q °’7£7%—°» CW@@Q aea. Mo capion oA

Ao m{.H AP
X Tha 3

Wit esmzion. il ffm’ WM

< 47/;/6;/)1»1

e ool M surfoce T —

SPECma LWITA u»«‘( 5 m
lﬁ*‘gz« seoh

0.00 0.35 0.69

1.04 1.39

1.74 2.08 243 278 3.13
Time (hours)

T 606 (em®)

A i
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N

A
C-22 Propagation Rate Measurement
Localized Comonine 5/23(35 —
Alloy/Specimen: C22 with Heat # 2277-3-3266 |

Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing sv. u(l‘dl\{S‘)/- o

Specimen'surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI yu/«,fl;/a -

water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz. "

T‘%/‘é IO : 677/(?#0_77 " T

Torque Screwdriver: Snap-on USA SN: 1001200319 :
‘ Cal: 09/03/04 Due: 03/03/05 i

Solition: £, Mglly 2073 § Myl bron Lof # 041034 D.7 uncler 45 5. L

Same solaoon as c22prov| (1242 8) = Sufaf
Initial weight: [>.27206 ¢ Model: Sartorius Genius SN: 12809099 S
Final weight: )22%% g/ Cal: 05/14/04 Due: 11/14/04 o L
Reagents measured with Model: OHAUS SN: 2883 ?
Cal: 7/15/04 Due: 1/15/05 —
Initial pH: 2- 3l ‘ Model: Orion EA 940 SN:2330 oo
Final pH: 5 ZS/ ' Cal: 7/21/04 Due: 7/21/05
pH Probe: #13-620-296 SN: 4079126P —
Test Temperature: (( 0 a Measured with Thermocouple SN: 333 f
, ’ Cal: 07/20/04 Due: 01/20/05 o
Counter Electrode: Platinum Flag ‘
Reference Electrode: Fisher 13-620-52 SN: 0199568 T
Potentiostat: SI11287 Cal: 10/06/04 Due: 04/06/05 |

Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused -

Data Files: C'7’2P"0“>~(07/g :
Test dates: Ock- 2.8~ Ot 2], vf —
Test length: /.5[5;(«55 = 42| howes = |75 Aaﬂé .
Creviced area: [ 0\6"/7\114& L ' ” o ‘

Estimated crevice corroded aféé:} l’él; Ol’ﬂ‘bulf 767 Mef'/uiﬂe ézﬂc AAsR M‘M‘ﬁ\m ';b d
SHhe sidz

Maximum penetration depth:

One i{,ﬁg ok ;%,(, 5;@02 b @YWU{@JZ No covvosion &% CV@U&MQ “‘26‘\;”\ o
S,f)ebfmm Wil be /f?ﬂ‘Cﬁ(@éQ ’@ﬂ “flﬂéufe ase . IPM

L e K 0,27/0F

Current, A

Current, A

1.0E-05 - 040 e
[ 0.30 S
u 4..‘».".,““,,,,, st
[ =
[ 0.20 =
1.0E-06 - [ w D
3 c 8 5
urrent ;
010 g5
4 3 |4
© VR
- 0.00 E |
1.0E-07 - \ g T
] i -0.10 ‘
[ (E—
Potential 3 i
+ Mt e smantemtirtened (). 20 —
1.0E-08 ' ' ' L .0.30 T
0 7 T 4. 21 28 35 42 R
' fﬁé‘(houls)\_\
v ~~~~~~~~~~~ — S—
1,0E-05 1 2 0.40
- 0.30 o |
i - T
Potential Wﬁ -
- 020 |, SN T
1.0E-06 ; ' O Do
] n -
: o.1o>g; fﬁ I
- L
urrent S - S
- 0.00 E
5 [T}
1.0E-07 | - o e
E &j -010 o
- -0.20
1.0E-08 ) ; . ! ! ; ] ! i -0.30
000 069 139 208 278 347 417 - -
Time (hours)
Nohwa He 1/ [op
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Localy %( o 1.0E-04 ] r 0.40 ‘
C-22/{ropagation Rate Measurement — i -
RS2y - 0.30 9
Alloy/Specimen: C22 with Heat # 2277-3-3266 .?_ \
: i L
Specimen Preparation: Specimen machined to dimensions 1.917"0.250"specified in CNWRA Drawing H 71?.'7/#"0’"275“7/.011 0.20
_______ Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI xu1,,, , . 3 . :
water. PTFE crevice forming bolt pressed against specimen using a precision compression stainless steel mml’/"s < [ 0.10 n g e
__ spring 0.180" (OD) X 0.026" (wire diameter) X 0.562" (length) purchased from McMaster-Carr. The spring is ;&" 1.0E-05 - >'£ 3 |
coated with microstop. Cpasz (6) B £ ) Current ®
O = ‘
" Solution: 4 M MgCl, same as test C22PR001, page8 -g
- A . . ; . . ) o
- Test ID: L2250, C22(Re0E 203504 Mido-bin0 Lo 7ot To3 + DT Hoo to 2il
X.H Uz XH Gy
__Initial weight: IQ‘%'}56, 3 Model: Sartorius Genius SN: 12809099 / )7/‘73
Final weight: , > >, 869 ? Cal: 05/14/04 Due: 11/14/04 e
" Reagents measured with Model: OHAUS SN: 2883 e e
Cal: 7/15/04 Due: 1/15/05
Initial pH: 2- 3‘ Model: Orion EA 940 SN:2330
" Final pH: . 0('1, Cal: 7/21/04 Due: 7/21/06 e - -
pH Probe: #13-620-296 SN: 4079126P
) — ' } [ 0.28
— | | : Y
Test Temperature: 110°C Measured with Thermocouple SN: 333 o ] 1 ?\T
. Cal: 07/20/04 Due: 01/20/05 ' ] - 0.18 ol
Counter Electrode: Platinum Flag e—— i w <
... Reference Electrode: Fisher 13-620-52 SN: 0199568 . < ] 1 2 %
Potentiostat: S11287 Cal: 10/06/04 Due: 04/06/05 ] 1.0E-05 Current i 0.0@ Eﬁ)
e o 1.0E-05 - Z.
Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused B - g 1 s -
_ , o =
i . ) 7 | 2 '0 02 2
Data Files: (,}l( rvp -(02¢ , CZ)/PW?~ (03], CZZPWP’ (103 S ;
.- Testdates: (bt .28 ~ (9057 ,//\é}ﬁu.é, wo ‘
. X g4 - T - -0.12
3 Test length: 7‘51’0)((05 secon = 208.2 howrs — 869 M
Creviced area: ||.4 mm ]
_ 1.0E-06 oot -0.22

e . pi
— Estimated crevice corroded area: D . %3 /mm

Maximum penetration depth: /4,(5 M) 0.00 035 0.69 1.04 139 174 2.08 243 278 3.13
~ Specimen examination: S Time (hours)
There io copponom (0 Sha ceovicellaren . bt o o Joalined of Hhe '”Q?f | Coerend
T (4)

¥ Tl specimen wus cak 6—’Mm/ﬁ/ﬁ”’ A uﬂWﬂ(IZJ 40?’07"& 5""”14‘“)Z 74—‘4[‘”’7&"
sochine wolbout covposiomn widl be- wsed w@m W W (28] ‘

‘b<l ”/VWA He /%‘/7.77’¢

Coenk dinsif =

o (4 cam®)
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Logalczed corvosion

C-22 Propagation Rate Measurement
x-K (2328

" Alloy/Specimen: C22 with Heat # 2277-3-3266

Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing#;uﬁ{»oz.g'%wf i

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI YH T
. water. PTEE crevice forming bolt pressed against specimen using a precision compression stainless steel |//;/‘,'§'

spring 0.180" (OD) X 0.026" (wire diameter) X 0.562" (length) purchased from McMaster-Carr. The springis :

coated with microstop. € page ( 6)

‘w&c@(

. Solution: 4 M MgCl, same as test C22PR001, page 8 7«"35-(5 M?Q}Qgﬂw
ek . c22prR0?

Initial weight: f2‘7737@2 3
Final weight: /2.3377] ¢

Reagents measured with

[k # ok 70 307 o
Model: Sartorius Genius SN: 12809099

Cal: DS/14/04 Due: +4#44/04 0S/t7/>§
it (° XA wfy(ok X

" "/igl
Model: OHAUS SN: 2883 18/ of-

Cal: 7/15/04 Due: 1/15/05

SN:2330 |
Due: 7/21/105 l
SN: 4079126P

Model: Orion EA 940
Cal: 7/21/04
pH Probe: #13-620-296

Initial pH: .;23{
Final pH: ‘;._,—",77’?

" Test Temperature: 110°C Measured with Thermocouple SN: 333
Cal: 07/20/04 Due: 01/20/05

Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52

Potentiostat: S11287 Cal: 10/06/04
Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused

Data Files: €22 PRAP—((10; C22PROP 1113, c22pROP-(((6
, Test dates: AJpu (O~ Nos il , 260§
Test Iength:[ﬂb)((o” Lowyc, =6 x/‘,b*se(m“QA _ 7 7) A‘ﬂb

. 2 :
Creviced area: 4.3&mm :
.Estimated crevice corroded area: 7.2/ MMZ ‘

Maximum penetration depth: 70 /m |
Specimen examination:

| Cwux‘ce COTrEYIon qw& f?"Wff& saﬂm‘m‘uﬁ/
X% Tl specinen wes cod 5opm dom s coroded Tﬁm;( Suface | Tl ™

SN: 0199568
Due: 04/06/05

P EEE—

1.0E-04

1.

[=]

E-05

Current, A

1.

(=)

E-06

1.0E-07

'l

——Current (A)
—— Potential (V vs. SCE)

potential

current

~~.. 35 69 104 139 174
~~~.__ Time (hours)

-

----- Current (A)
Potential (V vs. SCE)

........
-

......
------------------------------

o

o

(61}
Potentia

- -0.05

F-0.15

- -0.25

Couresd Muﬁ;—;

Time (hours)

Curmet (A)

& o428 com®)

%AM_ AL (((11[M¢

0.65
0.55
045 =
K
0.35 § 5
‘ O
- 025 85 %!
0852
0.5 £
c
S
005 9
£ -0.05
L 015
L .0.25
- 0.55
- 0.45 '
P ‘o
i ]
035 %
w4
L 025 @ &
g X
S
- 0.15>_' =

27
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1.0E-06 - 0.50 . '
- - ~
1 3
(Na)
)
Locatived Coprsiom ] ! 5
C-22/\Propagation Rate Measurement ‘ , ; ] _ ] 0.45 T '
Xel §(2y(08 P\“"“\—\.‘ Pgtentlal . i S
. . ‘ ‘ 1.0E-07 - Mt e USRS | W
Alloy/Specimen: C22 with Heat # 2277-3-3266 ; [ 0.40 8 8
<« ’ N
Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing# 2 o) ¢o2. 57 o o Bg -3
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI XH ,///05, § ._‘_‘;
water. PTFE crevice forming bolt pressed against specimen using a precision compression stainless steel 5 Current b
spring 0.180" (OD) X 0.026" (wire diameter) X 0.562" (length) purchased from McMaster-Carr. The spring is o 0.35 %
coated with microstop. ( po‘ae (6) ' 1.0E-08 - o
cll 2 - ‘ : _
Sgl\uﬂon 4 M MgCl, same as test C22PR001, page 8 ;")/033‘( 3 Mgai“ffﬁwa Loy(l:q;&é‘ﬁg +).1 webep ( [ 0.30
[est IO ¢2prof0 : K S33/05 t 25l ’
Initial weight: /2: 26 324 rj Model: Sartorius Genius SN: 12809099 ]
Final weight: ;3 >332 ¥ Cal: 65144164 11/, /5 ¢ Due: YIFHID4 o fofo§ 1.0E-09 . . 0.25
Xy g ¢ Y Yy o ‘ 0 Time (hours) 35
Reagents measured with Model: OHAUS SN: 2883
“Cal: 7/15/04 Due: 1/15/05

Initial pH: 2+ 3| Model: Orion EA 940 SN:2330 ¥ ,v\ma,u Al confrct [obuoen Tef«(,m bolb zod (-3 SPOLan b fimy

Final pH: /1,07(9 Cal: 7/21/04 Due: 7/21/05 o i
‘ pH Probe: #13-620-296 SN: 4079126P Lo, po copmsin, 0 Mcao( ala,

v Gured o fow aud /fﬁfefﬁéc‘w{’ o /;Zg&. Mo mdialion

Test Temperature: 110°C - Measured with Thermocouple SN: 335
Cal: 07/20/04 Due: 01/20/05
Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52 SN: 9250078
6
Potentiostat: S11287 Cal: 09/09/04 Due: 03/09/05 ‘

- Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused

" Data Files: C),J{)wp_(l(é 42
. Testdates: Agu.(6 ~7/Vby (8,20
Test length: ~_- 36 porwrs

Creviced area: 458 mm !
. Estimated crevice corroded area:

Maximum penetration depth:
- Specimen examination:

/\/Q COYTTION . S/Fwo‘[mm unU? be ,szfa%éj “»{/ﬂ‘r %@W Y32 .

Ao e e ACha He iiforony



30

LocaGzed Cortosion

C-22, Propagation Rate Measurement

x- ¢

Alloy/Specimen: C22 with Heat # 2277-3-3266

Specimen Preparation: Specimen machined to dimensions 1.917"0.250"specified in CNWRA Drawing # ju. W‘f*’z 5),,,;
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI
water. PTFE crevice forming bolt pressed against specimen using a precision compression stainless steel
spring 0.180" (OD) X 0.026" (wire diameter) X 0.562" (length) purchased from McMaster-Carr. The spring is

leell #1)

coated with microstop.

Solution:

4 M MgCl, same as test C22PR001,

s(23(§

page 8

20354 § Mytia Cto , Lof d 0@ 7e) DL Hu)

Test 10 . c22pRol( ts 5L |
Initial weight: /- 51,&873/ Model: Sartorius Genius SN: 12809099 KH 5/;,2/
Final weight: !&u/jé'/%‘ ? Cal: 667’-1-47‘94 ”/o b Due: +#44/04. 08/ co/o(
OUW =g 0¥l Y ”/71/°? H oy
Reagents measured with Model: OHAUS SN: 2883

Cal: 7/15/04 Due: 1/15/05

~Initial pH: 2- 3|
Final pH: 44 992

Test Temperature: 110°C

Counter Electrode: Platinum Flag
- Reference Electrode: Fisher 13-620-52

Potentiostat: S11287

Model: Orion EA 940
Cal: 7/21/04
pH Probe: #13-620-296

Measured with Thermocouple
Cal: 07/20/04

Cal: 10/06/04

SN:2330
Due: 7/21/05
SN: 4079126P

SN: 333

Due: 01/20/05

SN: 0199568
Due: 04/06/05

Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused

| Data Files: Cfl?-\am)_.[\ i, CE}PMP»'HZ*‘
" Test dates: ov. (§ ~ Ay 2, 200¢

~ Test length: g‘;ﬂl%lbgsemj.»s =Gl et honry =3.%| A‘“JS

Creviced area: 70 b gy &

" Estimated crevice ¢6froded area: 3. 08 m "
~ Maximum penetration depth: 77 ftm

Specimen examination
Covyosion crornd e&?ﬂ

Xna fie

X The speevnen es ik 5 -m

socAion wd—/m;@ Leonvosen ol be

”/ﬂ pt

75& Cowleﬁ/( M SMTM TQ ém o

T H 4/7«(/2@3

.

-

1.0E-04 - - 5.00
- 4.00
- 3.00
- 2.00
Potential | g 1.00
*1.0E-05 - " £ 0.00
f 1 -1.00
Current " -2.00
£ -3.00
E -4.00
1.0E-06 e ' ' 5,00
0 Tt 3: 5  Time (hours) 69
Vo T
1.0E-04 - 0.52
i - 0.47
] - 0.42
. .0
- 0.37 » ~§
Current 95
1.0E-05 - : 0.3?% 8
] £
] £ 0.27 8
=]
| o
Potential - 0.22
- 0.17
1.0E-06 ' : e S SN S 0.12
0.00 0.35 0.69 1.04 1.39 174 2.08 243 278 3.13
Time (hours)
- /
Kb e sy 2372928
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T 0.1
on
s |
i S s AN Sh 1 e v iR 1 AP RS s AR N L m S e ‘/)
C-22 Propagation Rate Measurement X
wa(«‘za( Corrowion Y-k 4 (330} N
19 | —
"~ Alloy/Specimen: C22 with Heat # 2277-3-3266 O)\ -0.12
~~- Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA DrawingH 2.0{ 4. 571§ ' §
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI y.y l//;/af ]
—-— wactgraP;FE crevice forming bolt pressed against specimen using torque screw driver to 50 in-oz. Q
<
‘ D
... TestiD: 622PR L . ~~ v Current
Torque screwdriver: Snap-on USA SN: 1001200319 " -0.14 —| '
o
Cal: 09/03/04 Due: 03/03/05 >
"~ Solution: 4 M MgCl, same as test C22PR001, page 8 : ' o -fé‘ -
2033 § Mo, 6HA Lok 4 ol (703 D-1 Ao 26 L oo g
,,,,,,, (F Mgll-bo2 (103~ D-1 weder o Sl g
Initial weight: /25506 ¢ } Model: Sartorius Genius SN: 12809099 - ; -0.16 —
Final weight: /2.53¢4s0 ¥ Cal: g&ptafe g Due: £4144/04 6 (/ro/sS 4
oW 0006y >4 Yofoe N
™ Reagents measufed with odel: OHAUS SN: 2883 | |
Cal: 7/15/04 Due: 1/15/05
Initial pH: 2.3 | Model: Orion EA 940 SN:2330 | J
-~ Final pH: 5 (é Cal: 7/21/04 . Due: 7/21/05 ' o ) -0.18
) pH Probe: #13-620-296 SN: 4079126P
" Test Temperatufe: 110°C Measured with Thermocouple SN: 338 3 16/ ) a
Cal: 07/20/04 Due: 01/20/05 X-H .
''''' Counter Electrode: Platinum Flag Yok , 0.2 |
__ Reference Electrode: Fisher 13-620-52 SN: 9250078 - ' | |
Potentiostat: S11287 Cal: 09/09/04 A Due: 03/09/05 | 0 400 800 1,200
'''''''' Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused a | Time, hours

. Data Files: C))PRD?./”‘BJ’D) C))/P'VP ,_.”2\ ﬁg / (2%R0P/ 112¢ —:\d 2 , (ZQFDP- //27?2, CTVf’)ﬁP,((MZL,,M»

Test dates: Wov. fnoTund  C(p- 12302, O -206%2, (oo poitts  Wrep-pika, Tl (horge @ =26.571 Codons
et Plrp 2l Py 21842, € D0 - 12122, O3y 02| v

Test length: _ 1w cq '
ety g s 2 CL’I/(,\,P, U2, CZLPV;P.—(Zl?ﬁl, (-»ﬁ?, (25 #> c;}(’wpﬂo,o;;u/ - QL&%Q @&W /ffﬁm WW OL&M&Q:

Creviced area: ¢ . : , _o(ofH#2 :
__ Estimated crev(?ce corro 'l~%§k)'(\/|:\(:)7( d &P;P(:f igf}y&/ A= oolgol X ?/o‘éﬂ/ =419 Cmp(ﬁw];ﬁ

Maximum penetration depth: %87 Jrm ot S o 26.02
.. Specimen examination: ° — " , Lo

A Aeep hete s erested due Ao crevie M}W ol ls Clorond b = S oned Com?)
"""" X The ;peahnw%u)(5’mm%®m7a@wwﬁ‘r &Mﬁwm v
vitlad corestm will be whed Aor frokure Aty Xt «(26f2f e o ety
){LW He  (0fi9/>0¢ e - /

§
v
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C-22 Propagation Rate Measurement

O Lotslised Comonn o $(23(o§

- Alloy/Specimen: C22 with Heat # 2277-3-3266 :
- Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing#s.ok02.57/ ,,,7

: watetro/. &T;l? crevice forming bolt pressed against specimen using torque screw driver to 50 in-oz.
C

. TestID: C;Z'()RO /3

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI |y :
WN/;/”S'
Torque screwdriver: Snap-on USA SN: 1001200319 _
Cal: 09/03/04 Due: 03/03/05
Solution: 4 M MgCl, same as test C22PR001, page 8

o35 il bt (ol o1 £ DT b Ao THE 5
Initial weight: /<2-6242.0 SN: 1280909

Model: Sartorius Genius

Fi:\;l weight: 7/.2 aé‘iﬁ?% ?/ CaI:W XFH s /o) Due: % xH ”/’"ﬂ’ﬁ ‘pm

AW : §:0vS ' / 7 ?

Reagents mlas&red with Model: OHAUS SN: 2883 b
Cal: 7/15/04

Initial pH: 2°3|
Final pH: 4_4_(%

Test Temperature: 110°C

Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52

Potentiostat: S11287

Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused

Data Files: cwpmr-ﬂz%, c;)ﬁq,., 123 {;}]‘mpv{(}7,(2}€,«q¢ ~1137, (JvaT ,/}&3/ C)}[’W-
‘6?'/‘}/”6 , C)”)/PWP"IZQ/ (‘W{’p};.ﬂhllg P CZZPVW)’/ZI?OWZ/

CoQap1221, €22, 224,
CZ)’P@,IZZJ/ [Z}&Af

Test dates: /), D%NDQC.28 CZlP

A

Creviced area: (2.6 mn*

Model: Orion EA 940
Cal: 7/21/04
pH Probe: #13-620-296

Measured with Thermocouple

Cal: 07/20/04

Cal: 10/06/04

3
Estimated crevice corroded area: /462 ™ x §(25/e

Maximum penetration depth: 2£( /A

Specimen examination:

Severe comrvsion sk one side a( o Crevisd cuea. Sarface

Xl S///),ZIDS/

SN: 335 ¢

Due: 1/15/05

SN:2330
Due: 7/21/05
SN: 4079126P

Hufgtor
Due: 01/20/05

SN: 0199568
Due: 04/06/05

i

p-lozg),”
XH &2 ;/65/ .....

9@‘5%(\% oot

AAAAA

§

|

|

L
Vol

|
|

Potential, V v3. g

—

X H j’/z;/a\g’

Potential, V. ¢3. S

@]

F-Y

o
o

¢ >3/ oY

XeH
©
S
|

e

o
o
I
L

Gadive (Jrvcessl

C22Pr013

Potential
--— Current

‘Potential

- T — 2x10°
:( A C é«?’)‘l\.é 7
— 10°
. i II | | .
{ [ i i ' ]
il " '{l ) : ‘1— WL
. e Current
! | ' | I l 1 | 0x10°
0 200 400 600 - 800
‘ Time, hours
| | T I I 3x10°
Tnibd o (w""”q
i C22Pr013
Potential
11 = Current — 3x10°
— 2x10°
Potential —1 ox10%
0 —
-~ 1x10°
| 1 T ! T 10°
0 1 2 3 4
Time, hours

N

[TV

N U——

o o e fote¥




36

CENTER FOR NUCLEAR WASTE Proc. _TOP-012
REGULATORY ANALYSES Revision 1
TECHNICAL OPERATING PROCEDURE Page _9 __ of _9

SAMPLE CUSTODY ENTRY FORM

SAMPLE IDENTIFICATION (Mandatory)

Alley, 627  Freeen wife HEAT X%/9278B6 J/

SAMPLE
DESIGNATOR

DESCRIPTION OF SAMPLE (Mandatory)

Arcoy 627  Frigen wspe  Hear  xx 92186y

[ S

©.045" D14
REFERENCE TOP or SCIENTIFIC NOTEBOOK ENTRY
NOTeBoK §03 P &Y
AMOUNT of SAMPLE 30 tBs s1izE 0.04s " P4

1/15/03

by LOARRE.  Dor/p)

DATE of SAMPLE RECEIPT (Mandatory)

DATE of LOG ENTRY Z/ 19/ 03

SAMPLE STORAGE LOCATION (Mandatory)
Rebg S

Collection site:

Supplier;- , , A msA.zcm\) Fiteret méracs

Other:

CNWRA FORM TOP-004

CNWRA Form TOP-2

Formeesais s e ar s,

e e

\CobosaMle 369 [}
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) N
LDC&C&CA Corrosiem

C-Z;\Prg?(g(gz;_t}g?/}}te Measurehent |

m@n,wfﬁ XKITTTBG U (pag2 3¢)
Alloy/Specimen: €2 f = X H j’/za/o_(

TestID: (" 2)PRo(¢ C (st Lk (,Lbc% ()rvée)

Specimen Preparation: Four 1-mm wires was sealed in resin. Specimen surfaces polished to 600 Grit

finish using SiC paper. Specimen cleaned in acetone and rinsed in DI water. PTFE crevice forming bolt

pressed against specimen using torque screw driver to 50 in-oz. PTFE bolk Gf
Solution: 4 M MgCl, same as test C22PR001, page 8 Gleckrde botham
Reagents measured with Model: OHAUS SN: 2883
Cal: 7/15/04 Due: 1/15/05
Initial pH: 2-3¢ Model: Orion EA 940 SN:2330
Final pH: 5-'57 Cal: 7/21/04 Due: 7/21/05

pH Probe: #13-620-296
'T'Zmiaz Screwdnver . SMT),DM Wsd SNs (0212 603(
Cal . 07/0 3/O¢
Measured with Thermocouple
Cal: 07/20/04

Test Temperature: 110°C

Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52

Potentiostat: Solartron 1480 Cal: 12/03/04

Cell set up: Channel 182 to electrode with red wire, channel 384 to electrode with orange wire, channel

5&6 to electrode with blue wire, channel 7&8 to electrode with yellow wire

Data Files: Shennels ITRE . c22PRI2)4Ce , 22PRI2ITE ,£22PR 120 Gl 2RORE C2fos

SN: 4079126P

Vue 03/o 3/‘{

SN: 330 *H{ §6y,-

Due: 01/20/05

SN: 4028023p
Due: 06/03/05

L ) QLPROTC , 2R, c22RR 21§ L) , €220022T, COLPRILUT
C

Chepels SUE . C2PRI2(ELR, c22fRHGEL, (2R ¢, c22PR12 11 Eb etz

&
nn}%‘?&'ftﬂﬂ?’”’m'@f E. afptbza, c220RO6 Th copprE2 1L c2Ruprh—

Chowels (YT red) c220R 2227 C2208 122¢ I
Testdates: De¢ |7 ~ Dec .30, 20¥ '
Test length: . ot X r0° st =291 howss =R &{&2‘(}/5

2 -~
Creviced area: Cach wine A= TT(—(}’) =0 79’5 mm
Maximum penetration depth:

géj/""r 7‘2/’"‘; 79./0'”

| S——

Specimen examination: eltow blue prrt I
o TW WAreS dre CJTW(QO( . ((L'\N ﬂ(t (
‘ ‘ co [ | COYYORL I
~ s wire W‘H ohed ovenge MMM -
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[’e @&aém@c ' Oy J oo {"‘\

C@C( Lmﬂfl;ém . b o T~ I N 2080 Channel 5 W M’é"‘” L&&( % ™ | Channel & . L”"'
‘ 4o d } ¢ : ‘ ool
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¥ Specimen it ek o B o s

C-22'Propagation Rate Measurement

Lotsh2ed Corromyiom *3(75( of
x

Alloy/Specimen: C22 with Heat # 2277-3-3266

Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing # N"/%--SW,
n‘}‘

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI
water. PTFE crevice forming bolt pressed against specimen using a precision compression stainless steel
spring 0.180" (OD) X 0.026" (wire diameter) X 0.562" (length) purchased from McMaster-Carr. The spring is
coate(d with microstop. -

cell # |

Solution: 4 M MgCl, same as test C22PR001, page 8

2053 § 4, 6eae , Lokt 04003 + D7 Hoo Ao 2GL
Test ID: (22PROS
Initial weight: j2. 74237 §
Final weight: (2.7 254§ (1/

KH 51305
SN: 12809099
Due: 05/10/05

Model: Sartorius Genius
Cal: 11/10/04

SN: 2883
Due: 1/15/05

Model: OHAUS

Reagents measured with
Cal: 7/15/04

Initial pH: 2- 3| Model: Orion EA 940 SN:2330
Final pH: 4—-67 Cal: 7/21/04 Due: 7/21/05
pH Probe: #13-620-296 SN: 4079126P

SN: 333

Test Temperature: 110°C —> (o0( ~> ?0( Measured with Thermocouple
Due: 01/20/05

—s 3&? - g'of _77_(‘2 ,,_7702 —¢o¢  Cal: 07/20/04
—2 Lo 240 7 300 —y:d
Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52
Potentiostat: SI1287 _ Cal: 10/06/04 -
Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused
Data Files: (22 fip- 122] . cwpm?, - !29/75, cisz?)_ olal, (32(?,»3{9_010"; c >2Pn19- d/d]/azﬂl;pﬂ 19
S;z frop- CO”('2$ <Bimp_oi 13, 1Pmp - oilS, <2 fap-cissh, £2>hap-01l 7{ ¢ pop-oity,
- 012, ~0123, (2Pppp 01 Mp.- o5, COArap-0]27, 2frap~1?]

C))P/y( 0(3, ¢ ~0202, (2 P )

- . Y rp-Q 2/}, 2 _ 2203 sondh ¢
Test dates: /:1/;211/0(_5 ~ 9_75/0 - WF «L }P'DP O‘Z’DQ/&, (%'f@ d)t’(t (J)/Pfq;-bl—oé, (lemp-
Test length: 3453822 éu’“& = 3?77 A“#} XH 3’722,?/0(@
Creviced area: /o . 6 nwzz 2
Estimated crevice corroded area: 5 7 l‘mm

Maximum penetration depth: I20m
Specimen examination: Creviced M‘L o

deep coreryion, of e side

SN: 0199568
Due: 04/06/05

b il 5’/23/0&/

X 5(23(08

CDTVE&J X-ri 5(23 oy
Lo w( ‘

@ . Tle ( 5 g
i e ST

/2_\//' 3 £ I ' )
e M ¢ _e v /-{z[c/;,gﬁr —
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D )

vV _wd S(ey(oy
C-22 Propaaatlon Rate Measurement
4 U )
Alloy/Specimen: Hastellweee%eﬂ#wwmeeat PVl ey fo‘ﬁwg 622, Heaftt XK(777BGI (fege 6 )
Specimen Preparation: Four 1-mm wires was sealed in resin. Specimen surfaces polished to 600 Grit finish using SiC X,
paper. Specimen cleaned in acetone and rinsed in DI water. PTFE crevice forming bolt pressed against specimen using §722 i/"5"

7

IV 5{&»(’

: o Ao j /o ,',f,_/-}/
(U i eleckrules 'Hg. Ak weth

w

torque screwdriver to 50 in-oz.
Torque Screwdriver:

Test ID: C22PR016

Solution: 4 M MgCl, same as test C22PR001, page 8 { A/fin h;&}agk) o33 4 X, 5!‘(2.0,, Lot ot 25
Reagents measured with Model: OHAUS SN: 2883 DT e € 2 85L
Cal: 7/15/04 Due: 1/15/05 > -
: Xowl S123 e
Initial pH: 23/ Model: Orion EA 940 SN: 2330 123/#§
Final pH: A 57 Cal: 7/21/04 Due: 7/21/05

Test Temperature: 110°C

Snap-on USA
Cal: 09/03/04

pH Probe: #13-620-296

Measured with Thermocouple
Cal: 7/20/04

SN: 1001200319
Due: 3/03/05

SN: 4079126P

SN: 330

Due: 1/20/05

Cell set up: Two channels for each electrode one channel to measure the coupllng current, the other channel to measure

the potential.

Multi-channel Potentiostat: S|1480

Cal: 12/03/04

Due: 06/03/05

Wire color coded in blue
Channels 1&2
Counter Electrode: Pt foil with

surface area of 261 mm?®.
Reference Electrode: Fisher 13-620-
52

SN: 0066(1F
Data Files: ¢22PRoy (e, 3V PRy
CRWROUKE, C22#RO(1] € L3Roy|]]

C3LPROMTG , (npRo LIFL e3ppop

A :
Creviced area: ¢-7¢§ mm
Maximum penetration depth:

(23 pm

Specimum examination:

Comdad wine e ctdss

p 3

Wire color coded in orange
Channels 3&4

Counter electrode: Pt foil with surface
area of 261 mm®.

Reference Electrode: Fisher 13-620-52
SN: 3329078

Data Files: (32RO, Bproy T,
CHEROUCE  crapran7e,

”, C71PKO,”LQ & ol
Yy 22PROU1 b,

z
Creviced area: .7 3% mm
Maximum penetration depth: 1Y)

Specimum examination:

Wire v M?" .

Wire color coded in red
Channels 5&6
Counter Electrode: Pt foil with

surface area of 261 mm?Z.
Reference Electrode: Fisher 13-620-

52
SN: 028023
Data Files: C?—)«PRNIIE& CWKOIIIE

Q>PRow T2 , c22pR00m b, 3oy

Creviced area: m?%’f«&;
Maximum penetration depth:

(64 um

Specimum examination:

Comeded wive recedes

cﬁ-MOH@C c:lf’k0/17(-' J
I

Wire color coded in yellow, Channels

Test dates ‘/‘ — ‘/Lo wvl’
Creviced area: 7y

7&8, Pt foil as counter electrode

Reference Electrode: Fisher 13-620-52

Data files: ¢3:pRol Ec, 2R OUIED, C23RO (2, c2fROUTE c2pfoy I&, cpRoqITh, COPROICT ,

Test length

Maximum penetration depth: [ég/um

lSpecimum examination: CamalQA wire mce&z&

ISN: 0241437

c2Ro/IY T

X-H HeRon I R %
<23PRo 11 fRowy
Test%gte I el Test dates: Test dates
/,( ~ '/V, 3o (” Uu ’}/)o, Wy Yo~ V20, 200§
Test length Test length Test length

e~

W; Awﬁ(éf/am

N , 'S GENIRN i ks Al (‘LM : ol
(;\\ona He 20 /708 “op ow}\ e ey £ and lmr,fwﬂw el o f Mo / b Q/
o VA Probe wan Po& R&Q e revsed «Fm- Ao s 5 2PRoIS  CPgRr o 50).

X 6/)?,/53)"
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C-22\/Propagation Rate Measurement fwn
Leocls Coyrosiov : ‘

. ' xot S[(23[2§ -
Alloy/Specimen: C22 with Heat # 2277-3-3266

- Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing#} 20407 5',7/,;7’ -"j

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI
-  water. PTFE crevice forming bolt pressed against specimen using a precision compression stainless steel T
spring 0.180" (OD) X 0.026" (wire diameter) X 0.562" (length) purchased from McMaster-Carr. The spring is
—  coated with microstop. ( 6) —
cell €2 , “r |
—  Solution: 4 M MgCl, same as test C22PR001, page 8 ' , N
20%3;(3(\.&3’&2»6“70 +D. 1 K & 24 L s0-H S’/23/DS
—  TestID: C22pR0(7 Lokt oe03
Initial weight: /2.56%75
- .. Finalweight: ;2.56076¢

SN: 12809099
Due: 05/10/05 | jLM._n

Model: Sartorius Genius
Cal: 11/10/04

Reagents measured with Model: OHAUS SN: 2883 o

Cal: 7/15/04 Due: 1/15/05 :
N Initial pH: 2. 2| Model: Orion EA 940 SN:2330 i
n Final pH: S-"3 Cal: 7/21/04 Due: 7/21/05 e
pH Probe: #13-620-296 SN: 4079126P ;
— Test Temperature: 110°C Measured with Thermocouple SN: 333
Cal: 07/20/04 - Due: 01/20/05
—_ Counter Electrode: Platinum Flag ——
Reference Electrode: Fisher 13-620-52 SN: 00186634 f )
A
- Potentiostat: S11287 Cal: 10/06/04 Due: 04/06/05 i
_ Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to Pt, CE unused proee
H « s ) - Ul“ -2 - >
. Data Files: ¢3>wp 42a, C2¥pp-oitig2h, 3y -0 14 §2, €220y 0T H2, ¢ *”fmy-wcﬂz
Test dates: %(/gg/\, (.2»){ 012342, 3 o126 #2 Cz-)»(,pv”ol& %2 ;
T Testlength: ) gy b, P R wp-D20(%2, C23frp- 020442, Cfpp-0267 %2, < fop - O2elt
. s 218 ‘”‘35 [N
-~  Creviced area: 2\04 mm :
Estimated crevice corroded area:

) e
Maximum penetration depth: 3(o pam ‘
Specimen examination:

One 21da ecimen (o comoded
¥ Spcimen was ad ~ Eom Sl carded 5(/%;&‘7(4%\79(56@{%4
: w& Covrsion WAL be ﬁ for %mw- X H sl
e b o —

S

|
1
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Luab(l.ZCA Corrosien
C-ZZ/{’ropagation Rate Measurement
XoH §(32(>§

Mlog €22 Heak & XX(9776G 1 (P2§€426 )
Alloy/Specimen: mew ARLTR

Specimen Preparation: Four 1-mm wires was sealed in resin. Specimen surfaces polished to 600 Grit finish
using SiC paper. Specimen cleaned in acetone and rinsed in DI water. PTFE crevice forming bolt pressed
against specimen using torque screwdriver to 50 in-oz.

Torque Screwdriver: Snap-on USA SN: 1001200319
Cal: 09/03/04 Due: 3/03/05

Test ID: ¢ >2PRO(8
Solution: 4M MgCl,, same solution as test C22PR001 (Page 8)
2053 § w5 b0 +D 1 thodo 25 L v et g0

Reagents measured with L4 4 U0 Model: OHAUS SN: 2883
Cal: //14/0¢ Due: ¢/0f
Initial pH: 1.3/ Model: Orion EA 940 SN:2330
Final pH: /i (,C Cal: 7/21/04 Due: 7/21/05
- pH Probe: #13-620-296 SN: 4079126P
Test Temperature: //o% — (.;.QL( — Measured with Thermocouple SN: 330
“40°C —r. ¢ Cal: 07/20/04 Due: 01/20/05
Counter Electrode: Platinum Flag with surface area 261 mm?
Reference Electrode: Fisher 13-620-52 SN: 40292273 (red wire potential)
SN: 00669 (blue wire potential)
SN: 025143 7 (yellow wire potential)
Multi-channel Potentiostat: SI1480 Cal: 12/03/04 Due: 06/03/05

Cell set up: Two channels for each electrode, one channel to measure the galvanic coupling current, the other
channel for measuring the potential. Each electrode is coupled to a separate Pt foil with same surface area of

261 mm°.

Data Files: C22PR0125la, C22PR0125Ea, C22PR0125Ib, C22PR0125Eb, C22PR01271b, C22PR0127ED,

CZQPR0128!, CZZPR(H 28E, C22PR01311, CZQPRO‘lS‘I E : - ‘ (L ' /
eamels 122 (ble ) | Cleanels 546 rec(, C lanrds 18§ C Z/e AN

Test dates: | /7/5 /u le -~ nod 0)2/03’

Test length cﬁw&ﬁ = 4 A4m

Creviced area: () /&5m . (¢ wobhe wire) 3elbv" o~ hlue f(mx = ([ Lim om s(}&l:(;
Maximum penetration depth: | , ' "3‘ it

Specimum examination: Cnot 7 g red O(M""T e
One >P‘ZC(M¢2A Vb vxii cJT'r?ﬂ(?“( bj"w -f"ﬁbl"""‘ with (){ t%m{l’tcék The gt r
Ares wines ane (mrrvj“"

(/"V"Z bicu cf (—-Q,,Q wifre b lu:.@,v"((,«j Cv’T’ﬂ‘o‘(‘?"(» .

%‘/\NJ’\ Ho 1/ /¢ e

Prbe oftec Jak wits pelslied o Tesk Cnprol] COgeRSE) x50,

Current density, A/cm?
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X - FI & 5/};/0\(

0.2

X-H 3'12’3/0 g

0.1

] ] | : 0.3
110°C, 60°C > 40°C 5 ~
0.001 = 3)’
. — 02
— D
_ cio Channel 1 u ~
>
- | o/
g — 0.1
s ) 8
. =
z . S
= C
S Potential %
£ 0.0001 — .
= = °
O —_
: Channel 2 i
_ — -0.1
1E-005 T I ' | J l .
0 2 4 ) .
Time (days)
T [ '
60°C . 40°c It
0.001 i
Current Channel 5 =
0.0001 —| .
Potential Channel 6
1E-005
| | ' | '

4

Time (days)

X\"(MM He

/e




52

Current density, Alcm?2

: | : | , , 0.3
110°C
0001 4 > 60°C 540°C
: Current Channel 7 — 0.2
0.0001 — n
: — 0.1 gi
- A
7] 3
1E-005 — o
= g
. Q
i a
1E-006 — Potential Channel 8
1E-007

Time (days)

LT

VAT VS Y, 7.4

o s
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Locatized Corvosion vl s(>Y(o§
C-22 Propagation Rate Measurement

ekt xy (7778601 Mk»ﬁ%)

Alloy/Specimen: Has ley'®'C‘ZUUO'éIﬂ0V‘WIth-HeaT‘Z3’T6"-“1“-8T22“ ¥ (771( S

Specimen Preparation: Four 1-mm wires was sealed in resin. Specimen surfaces polished to 600 Grit finish
using SiC paper. Specimen cleaned in acetone and rinsed in DI water. PTFE crevice forming bolt pressed
against specimen using torque screwdriver to 50 in-oz.

Torque Screwdriver: Snap-on USA

Cal: 09/03/04

SN: 1001200319
Due: 3/03/05

Test ID: C22PR019

Solution:  4M MgCl,, same solution as test C22PR001 (Page 8)
Reagents measured with Model: OHAUS SN: 2883
Cal: [/,zé/ag Due: 7//¢/df
Initial pH: 2-%]| Model: Orion EA 940 SN:2330
Final pH: 2% Cal: 7/21/04 Due: 7/21/05

pH Probe: #13-620-296 - SN: 4079126P
Measured with Thermocouple ~ SN:33Q 327

XA g
- Q/&/ﬂg’ Due: g/5/0¢
Counter Electrode: Pt foil with surface area of 261 mmZ. Alloy 22 cathode with surface area of 19.90 cm?
Reference Electrode: Fisher 13-620-52 SN: opéé {t 7)
SN:

Cal: 12/03/04

Test Temperature: 110°C

7
(red wire potential)
(blue wire potential)

Multi-channel Potentiostat: S11480 Due: 06/03/05

Cell set up: Two channels for each electrode, one channel to measure the galvanic coupling current, the other
channel for measuring the potential. .

wire)
Data Files: Channels 1&2 C22PR0204la, C22PR0204Ea, C22PR0206!, C22PR0206E,
C22PR0207la, C22PR0207Ea, C22PR0207Ib, C22PR0207Eb, C22PR0209I, C22PR0209E

Channels 5&2é %?ROQOM&#& C22PR0204Ea#6, C22PR0204Ib#5, C22PR0204EDb#6,C22PR0206l,
C22PR020BE, 2 08I, C22PR0208E, C22PR0209], C22PR0209E Cblwe (,/I‘I\Q_)

Testdates: 2/¢f/o§ ~2/¢(/3m)

Test length

Creviced area: oJ?ymmz
Maximum penetration depth: Tiu. WS GAR. 0‘7\% m,&aa 6@61—\94
Specimum examination: 0»7’2 ne Corpogin
i !
(e GSTreson )

blus. , M :Pvrm #z(,(ou) f{(m
R Y
(-)1#;(7»——(9?/—‘?" Pmbe Ly v é[ T‘)Y TW e A2

m:b( eﬂeﬂt\'-“?

Kttt Lhafog

| (Amps)
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0.50

o *Hspyey

OL"‘“’W& (82 . red wrre

Change coupling to Pt

I Change coupling to Pt

Add 20 uL CuCl2

E (Volts) us. S&

-0.25 1~ Change coupling to Alloy 22
L Change coupling to Alloy 22
-0.50 ! | 1 | ]
0 . 250000 ‘ 500000 750000
Time (Sec)
0.00002 —
0'0.0001 B Change coupling to Pt Add 20 uL CuCl2
0 l ‘Change coupling to Alloy 22
Change coupling to Pt
-0.00001 —
-0.00002 +
- . Change coupling to Alloy 22
-0.00003 ' ' ' ' '

0 250000
Time (Sec)

Xihoa feo

500000

208

750000
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0.000050
Channels 586 L/QU.Q Wi
B Change coupling to Alloy 22
d 20 uL 2
0.000025 |- Add 204 Cuct
mn
Q
E -
<
- Change coupling tOLr?hange coupling to Pt
0 ™
i Change coupling to Alloy 22
-0.000025 ' : ' L ]
0 250000 500000 750000
Time (Sec)
0.50
~ Channels 586
Change coupling to Pt
;30.25 N Change coupling to Pt 9
A
N
“
C -
L .
o ¥ , o
E 0 K Change coupling to Allqy 22
EJ/ J Add 20 uL. CuCi2
. Change coupling to Alloy 22
-0.50 ! ' ' ' !
0 250000 500000 750000

Time (Sec)

Kike ta 2/78/26

Lotatized Coreooinn

C-22/I\3ropagation Rate Measurement

Alloy/Specimen: Hastelioy-8-C-2000-affoy-with-Heat-2346-1-8122— d{loy (22, Heek b xx (7286 1f (PR
Specimen Preparation: Four 1-mm wires were sealed in resin. Specimen surfaces polished to 600 Grit
finish using SiC paper. Specimen cleaned in acetone and rinsed in DI water. PTFE crevice forming bolt

pressed against specimen using torque screwdriver to 50 in-0z.

Torque Screwdriver:

Test ID: C22PR020

Solution: s5MNaCl 57%83% maly (.44 64-2766.

Reagents measured with

Initial pH: 7./23
Final pH: 5, 75|

Test Temperature: 90°C

Snap-on USA
Cal: 09/03/04

Model: OHAUS

Cal: 1/14/05

Model: Orion EA 940
Cal: 7/21/04

pH Probe: #13-620-296

Measured with Thermocouple

Cal: 2/2/o ("

SN: 1001200319
Due: 3/03/05

TDIL woler Sy 2o mls

SN: 2883
Due: 7/14/05
SN: 2330
Due: 7/21/05

SN: 4079126P
SN: g
Due: 8’/2 2§

Cell set up: Two channels for each electrode, one channel to measure the coupling current, the other

channel to measure the potential.

Multi-channel Potentiostat:
S11480

Cal: 12/03/04

Due: 06/03/05

Wire color coded in red

Channels 1&2
Counter Electrode: Pt foil with

surface area of 261 mm?®.

Reference Electrode: Fisher
13-620-52 SN: 4028023
Data Files: 52)P£02('1, Ca
CROUT. & |, carproz(¥L, €,
CRPRO2ITL,, (22pR23291, .
CPRO2231, & (apro22bT,C, (2
B30« L, c22/R0357L, &
CPPROIBL,E, ROJGT, T ¢
CAPRIB2L.G, crPROINE T,
pRY2ILE m?ﬂozzy?, 1,
MReet3liG, ¢ /mow 16

-

Test dates: 2//t/o§r—+/5 e
Test length , ¢ g/ x ;2)‘ 5
Creviced area: 0.7%% ,.M,,f
Maximum penetration depth:
G(f-wvx L% mo/(f eafeeble . Eovin
1% ebne( Ahs (;(ﬁ;\?‘ A H Y
Specimen examination; X/

(S w P

(

Wire color coded in orange

Channels 586
Counter electrode: Alloy 22 plate

with surface area of 19.90cm?

Reference Electrode: Fisher 13-
620-52 SN: 332078
Data Files: C22PROAUIT, G o,

(BPRoU 2, &b, c2pROUEIT
CAfRUTL G, c23ppo2I0LT

PRoJo (], €
C2PRe3 01, E

21R02($1, G
cu(m’.}ﬂ& 5,1
BRI C T

Test dates: 2//1/o% —2/2( Jof
Test length ?-3’8)(#7566(’9_15
Creviced area: ,, %mm
Maximum penetration depth:
9‘7| 3

. 0O
40§

Specimen examination:

/e e g@dm& oM

(RPROSSE T, 22PRATGT, F

U AYEs0 ob (iurmxtm(} /‘&(Q ((Q;re .

Wire color coded in blue

Channels 5&6
Counter Electrode: Pt foil with

surface area of (?.?o mmZ.

Reference Electrode: Fisher 13-
620-52 SN: o0 6411
Data Files: 62292927—(@,1,
62)47202.}.;@,1, C22MengE, T )
CIRoFUG,T, codfRoBocs, 7,
COHRo3075, 1, aprediog, 1
(&, CWPROJIGC—,Z

8& 1 cpron;
’, (;,Z-
CafRO3YZ, L, Pprornet

57

X

(“/)741_3

CARIING, T, PYROWJoz 7, PHROGIE]

Test dates: 2[2,([‘,&—,- @/&, f
Test length. 3_?(,((36566
Creviced area: 0. )% paas®
Maximum penetration depth:
Ao Cavi Loy ‘?é ¢ s‘i*.("&-?i’i'}u'ifw 6( E

Specimen examination; X*¢ sl
(omaim Vo wruuw( S eﬂ(j@

e edoe Foth dre

7(17‘—0(_ elinen s wf R,
‘ y 7

CA_(;(?Q -‘:.?.8 C@W‘bh&é&

Foo e

Frot Ju o ctded mnd
- Ars ATed
2(¢ /0%
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gwmg;w‘ne

(5 M NaCl, 90°C, Coupled to Alloy 22 Plate )

learely $84

3x10° ] i ;

2x10° —

1x10° —

0x10° —

-1x10° -

Current density, A/cm2

2%10° — Potential

h

| Current density

| I I |

. MM ‘ ,h“;“)“-WN‘
\ T

-3x10° ] T |
0 4

Time (days)

- N"k Cvrzisy, wess Mi‘:h[lﬁ&(l 196, asquu& to MQz F[ﬂeQ ' ~/00(a34,

Xloa Ho

o2 [k

0.2
—-0.24
_. w
O
S
028 2
T
<
| 2
&
—-0.32
—-0.36
0.4
12
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“! C5 M NaCl, 90°C, Coupled to Pt] d“""‘@“ (&2

1x107 — | | l | | | |
— . — 0.2 I
— “é N —
6 1x10° 7 Current density . o -
< ] >
> ] —
—_— -~ 7] © - - e
: £
— o ] -0 3.
T B <) T
£ o
J— @ - I
£ 1x10* 4 !
— © ] :
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—_ i e L ) 0 R
— 1x10°° | : | | | I e
s 0 20 40 60 o
Time (days)
__ Wrre C«f“ n |
we (5 M NaCl, 90°C, Coupled to Pt Ohannalls ¢ 44 )
. 1x1o3 - ; : | , ] o
- - Current density — 0.2
“é _ w - —
° 18
_ i . S .
@ ] — 0 @
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. ] s - _
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(&)
- Potential -
R 1x1o_5 ] ] ‘02 -
_—[—— I I I I T ' I T
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Alloy/Specimen: S
Specimen Preparation: fous

Lom(f:-eA Crro3imnm

agation Rate Me sure_gient

N
62>, 5353’2?" XX @ngal (£«

i Wl(é were sealed in resin. Specim

) ,
XKd a3 fef

finish using SiC paper. §<p'5{:imen cleaned in acetone and rinsed in DI water. PTFE crevice forming bolt
pressed against specimen using torque screwdriver to 50 in-0z.

Torque Screwdriver:

Test ID: C22PR021  «<6-68 § Mgc(, Lof Bomi103+ DL Welor Ao 21

Solution: 1 M MgCl,
Reagents measured with

Initial pH: % 28%
Final pH: 6\0%2

Test Temperature: 90°C

Snap-on USA
Cal: 09/03/04

Model: OHAUS

Cal: 1/14/05

Model: Orion EA 940
Cal: 7/21/04

pH Probe: #13-620-296

Measured with Thermocouple

Cal: 2/7/0%

SN: 1001200319
Due: 3/03/05

SN: 2883
Due: 7/14/05
SN: 2330
Due: 7/21/05

SN: 4079126P
SN: 32)
Due: &/"/0.3’

Cell set up: Two channels for each electrode, one channel to measure the coupling current, the other

channel to measure the potential.

Multi-channel Potentiostat:
S11480

Cal: 12/03/04

Due: 06/03/05

en surfaces polished to 600 Grit

Wire color coded in 3&&6\&

Channels & ¢«
Counter Electrode: Pt foil with

2
surface area of 0.2X0omm?2,

Reference Electrode: Fisher
13-620-52 SN: 0 (9756 §
Data Files:

C3Ro A ¢ 1 (IRIUEE 2
"'*-‘“Ib -""Eb
---02]11, -~--0x78
~ 72201, - .92uC
“"‘621911 - -~07‘22
~ - co32{1, _ e
- -s03o | 7T -~-0d
- - edvha; ~~»g»3l€E
_03°4’1/ ---030“6

Tc;st dates: 24— /@ L/fi

Test length 2, 30y ¢5° sec
Creviced area: o .79y mag

Maximum penetration depth:
I%Vb A Y o to it
e jesin .

Specimen examination:

Sez Faaﬂ&l

X §[23o¢

Wire color coded in o'ruae

Channels & &
Counter electrode: Alloy 22 plate

with surface area of }(.7:m2

Reference Electrode: Fisher 13-

620-52 SN: &(3((¢8

Data Files: C2)PR82¢ 1z,
CILPRAUY E, (0 poUCE b
Cppoue , (PRI T ’
CRU02(TE, (2240220 T,

C32PRI 2208, (202331,

CRpre223C

Test dates: (/¢ (of ~2{2${ af
Testlength , ¢ 29 x 0%

Creviced area: 5. 7%t m s’
Maximum penetration depth:

e 51K CIVYEHIW LY

Specimen examination:

see e 3

. 5’/73/«@

Wire color coded in hea(

Channels /& &
Counter Electrode: Pt Ioil with

surface area of ¢ 2X@mm?2.

Reference Electrode: Fisher 13-
620-52 SN: 8(2 (145

Data Files: -
C22PRoIML | CURIUY S,

- .~ vea "61/ - - - 3'66/
- ° 03.( L - - 03"[€;
- T 03xl, - - -e304E,

P - - -Ze/

-, ‘o r
-~ - ‘03‘01' - o .‘3(0 "é:’

!
!

oU3Z, - - -3
"CHUETL, - - - T
T- - . o_?t&;, - 03(F @
est dgte 32X (o § "~ -%/31 /Jl/‘
Testlength 5 4> ¥/ sec L
Creviced area: o.[%$ mm

-~ -

“|Maximum penetratjon depth:
WMQ ;MJ ?%l sy AQ

Specimen examination:

SM' f‘f%‘g ‘C_r_((\’(lg/” in

deo Mo o

2Lt oS

61
Wire aru?,e
(1M MgCl, 90°C, Coupled to Alloy 22 Plate |
8x10° . | . | , , I
¥ Kef- elecbode. Aapchod a-u.,a 22 ((;ée
. M~
—0
e —— ) N 4X1 0_5 ]
7] w
£ u
< . >
2 e ~02%F
_ g 0x10° — . Current density |
O °
, £ 1 e
2 —
3 Potential
_ 3 |
-4x10° — 04
o sxt0° ’ | | | e
T 0 4 8 12
. Time (days)
More_deke $0x or channels 384 Mare: dets. ftas for chansals 74
c2fRopo11l, cRPrelols ( W)

—~—~—v 03 (0T, = - JOE
~~ 03031, - - 0308
=~ o3bl, = - 03[‘3‘
- ~- 03131, - . - ©3(3E

ST —— 0;1(11 - 'J?ZIG

— T-032¢1, - - -9326§

_X*‘Lmq He

C32PRAJUT, CNPROJUE -

C23Ro2vel , L3YPROI2ZUTE

b1k
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1M MgCl,, 90°C, Coupled to Pt) 284 x4 HieloS

- KM - fest enaminakion

1x10? :1 l i r ‘ T | e .
-
L ] T :
. Current density —102 e D U
- M ‘1
B W g
(3] 7 7 (7))
< . > :
e 5 2
S SR g . o § K -
o 0
. ‘E e | o | ol
£ L . Wﬂ a
e 3 E Potential i e
| —-0.2 .
1x10° —
= ‘ | l l I [ ? h
0 10 20 30 40 !
Time (days) .
Wire coded in red y
i "1 M MgCl,, 90°C, Coupled to Pt nels 748 - -
1x10%? a l ‘ T | | | T * -
| 02 '
< . \%chns\ity‘\ = | 05 mm 05 mm
. . ( — s 1 ) #3)
~~~~~~~~~ =5 11 —~0 § i —
T l | ) |
s “ \ o ‘ e . = : i s e Eore : . V A
5 1x10% — | Netes . A Ara wites /fmue e L M bk P?L.SLHA& Ghes are sf
—— () = { 8 Y ~ ~
. | | Vishlg . o w : A -
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Locolired  Coprony na

C-22 Propagation Rate Measurement

Alloy/Specimen: C22 with Heat # 2277-3-3266

Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing.# Wkl 5. ‘Yf.

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI
water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-0z.

SN: 1001200319
Due: 3/03/05

Snap-on USA
Cal: 09/03/04

Torque Screwdriver:

Test ID: (22{Ro22
Initial weight: /2" €83 ‘k—(i? Model: Sartorius Genius
Final weight : /R-‘F%%szg Cal: 11/10/04

Solution: - . A . , ¢ 4of. t% 4 Mg((> LJI H#oel 70
/ (\J\MJ(,('?/ (Sawe Su(dv‘(&""l A ij/e 60 >+ D I wwﬁ&,;}jp 2 L5 X i,

SN: 12809099
Due: 05/10/05

Reagents measured with Model: OHAUS SN: 2883 ?/s;/Lj
Cal: 1/14/05 Due: 7/14/05

Initial pH: & 255 Model: Orion EA 940 SN:2330

Final pH: 4_6{'( 27 Cal: 7/21/04 Due: 7/21/05

pH Probe: #13-620-296 SN: 4079126P
Measured with Thermocouple SN: 352
Cal: 2/7/0( Due: 3/(/of
Counter Electrode: Alloy 22 plate wiEFl Smtsice apeq (,f %-?Cnf
Reference Electrode: Fisher 13-620-52 SN: T24ve/%

Potentiostat: S11287 Cal: 10/6/04 Due: 04/06/05
Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to C-22 plate, CE unused

<
Test Temperature: ‘?() ¢

Data Files: C230Rop _p2]a, czzprap 020 C)}()n)’()_ 0120 C?Z()rvp» 022

Testdates: Feb (7,495 ~ Teb 2, 20of

Test time: 417)(/0'{;@»'*»1/&’/ U %2 clau&s

Creviced area: { O .0 "

Estimated crevice corroded area:

Maximum penetration depth:

No comogion anl e:@vlu{% o srzvimm‘

2/20/>0 ("
X ( g—/ % ;/CS,.

@ M MgCl2, 90°C, Coupled to Alloy 22 Pla@

1x1o_3 ;‘ I j ’ . I j 06
- Add 20 uL CuCl,

Potential
1x10* - T ~_ —04

N —
5

1x10° — 3
i : 02 9
5 >
= Current density =
; - S
£ : o ¥
: | 5
5 1x10~ =

B . -0.2
1x10° =
1x10°° | r 1 I | — -0.4
0 2 4
Time (days)

Afo&ﬁ i Gevite Ui O 9 r\,:(‘ Tm;é‘céﬁ”e? CACA W(*L Co A 5 C‘J’éf»’(f“éid\ ‘

Orra,«}-«i con &t &f Cald (175 M

S Lonarfrdinn ia 200 wk 76%@ so b (C»C(l:] :a~7§Xzo"‘M

X H otfoy

Xt‘km. HR 2/2 3/ 0 ’f 5
X < (//Cp/ojr

65
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Loclized Cormsion

C-22/{’ropagation Rate Measurement

Alloy/Specimen: C22 with Heat # 2277-3-3266

Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing#2o.g¢ . 57/ 0,7

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI
water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz.

SN: 1001200319
Due: 3/03/05

Snap-on USA
Cal: 09/03/04

Torque Screwdriver:

Test ID: (22PRe2}

Initial weight: (> .467¢| %
Final weight /- 4694/ §
e R Mﬂw ( Come sopdi™s a1 pn?e o)

Model: OHAUS

SN: 12809099
Due: 05/10/05

Model: Sartorius Genius
Cal: 11/10/04

Reagents measured with SN: 2883

Cal: 1/14/05 Due: 7/14/05
Initial pH: & 218 Model: Orion EA 940 SN:2330
Final pH: 5.32 Cal: 7/21/04 Due: 7/21/05

pH Probe: #13-620-296 SN: 4079126P

Test Temperature: 7 Sfo(_ Measured with Thermocouple SN: 34)

Cal: »/7/0( Due: g /(7/(
Counter Electrode: Alloy 22 plate
Reference Electrode: Fisher 13-620-52 SN: ﬁ‘ }fb'v7 2
Potentiostat: SI1287 Cal: 10/6/04 Due: 04/06/05

Cell set up: WE+RE2 = C-22 specimen, RE1 to SCE, GROUND to C-22 plate, CE unused
Data Files: C”-[’m‘) -023a c;zg.gF_ozzsf,, szPﬁF -o2% (n{’n‘;- p23f (N frsp 20 3D/

Test dates: }/2 }/m‘l/\ %/;/Wf
Test time: ].§ 4 aﬁ:!s =7 Xeo® SCC«JMQ/;

Creviced area: §.o¢ MMZ
Estimated crevice corroded area: () x{ g/ [2¢

Maximum penetration depth: © X ‘:‘/2;/}-,3

(')w@a A e’tﬁgg /o elke c( bt e cons (61,
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Potentiodynamic Polarization of Alloy 22

0.25 [
! — Alloy22Pol.cor —
Alloy/Specimen: C22 with Heat # 2277-3-3266 / :
Specimen Preparation: Specimen machined to dimensions 1.917"*0.250"specified in CNWRA Drawing# » {‘02&,7/.0(7:
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone and rinsed in DI
water. PTFE crevice forming bolt pressed against specimen using torque screwdriver to 50 in-oz. 0
4@ 1604 »
Torque Screwdriver: pﬂb(/{ MFD ush SN: / 3% 72‘ . m L 'r
Cal: ﬁ/(}f(/,lam,L Due: 3/ 2?//)4;7; ¢ cL/)) P g
g 0 — ooy,
Test ID: c2pR02¢ > -0.25 |- - IE
Initial weight: /2 44486 3 Model: Sartorius Genius SN: 12809099 ? §
Final weight 2.418(8 ¢ ~ Cal: 11/10/04 Due: 05/10/05 ot i —
7O L P [CTrettee Xt 52yl <
Solution: 4 M et 2033 (§ Nqd,610 D T wube Ao 2-6L -0.50 |-
) Lok 404 (723 X H $‘/i>»°>/c=)'"
Reagents measured with Model: OHAUS SN: 2883 '
Cal: 1/14/05 Due: 7/14/05 B
Initial pH: 2.3/ Model: Orion EA 940 SN:2330 , e
FinaIpH' 6.q7 Cal: 7/21/04 Due: 7/21/05 -0.75 Ll Ll L1 111|||!4 L1l ; L L L1t - 1 O
2 i - - j - e ) _ : .
pH Probe: #13-620-296 SN: 4079126P 107 10 10 10 10 i L L
Test Temperature: |9 Measured with Thermocouple SN: 332 | (Amps)
Cal: 2 b (— Due: ¢ »/o,
Counter Electrode: Pt /7/ S /S ‘(
Reference Electrode: Fisher 13-620-52 SN: 9250078
Potentiostat: S11287 Cal: 10/6/04 Due: 04/06/05 ¢
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Creviced area: §:0€¢ mm
Specimen examination: i
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