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" Initial Scientific Notebook Entry for Corrosion of Dissimilar Metal Crevices as a I

Function of Solution, Torque, Area, and Dissimilar Metals |

Title: Corrosion of Dissimilar Metal Crevices as a Function of Solution, Torque, Area, and Dissimilar

Metals

Tests Performed by: Xihua He, Div. 20; Brian Derby, Div. 18

Objectives: Determine the corrosion potential, crevice corrosion repassivation potential, and crevice
corrosion penetration depths of dissimilar metal crevices as a function of solution, torque, area, and

dissimilar metals

Proposed approach or procedure for achieving the objectives: Tests are conducted in a glass test
cell using a multiple crevice assembly consisting of a number of grooves and plateaus in accordance
with ASTM G78. In this assembly, the serrated crevice former machined from base Alloy 22 or
Titanium Grade-7 contacts with the crevice specimen to form an artificial crevice with 24 crevice
sites. Then immerse the crevice assembly in solution to monitor the corrosion potential and perform
cyclic polarization to obtain crevice corrosion repassivation potential (see reference 1 below).
Penetration depths are obtained by galvanically coupling the crevice assembly to larger cathodes to

' initiate localized corrosion. The crevice specimens tested are mill-annealed base Alloy 22, welded +

~ solution annealed Alloy 22, 316L stainless steel, zirconium. By varying the surface area of the crevice
former, torque between dissimilar metal contact, and combination of dissimilar metal contacts, the
corrosion of dissimilar metal crevices can be studied as a function of torque, area, and dissimilar

metals.

caliper, microscope.

Calibration and due dates are provided in data sheet

Materials: Mill-annealed base Alloy 22, welded Alloy 22, 316L stainless steel, titanium Grade-7,
zirconium. Material heats to be added prior to testing '

Specimen Specifications: crevice specimens CNWRA drawing #20.06002.01.322.002 and crevice
former CNWRA drawing #20.06002.01.322.006, #20.06002.01.322.008.A, #20.06002.01.322.011

1. D.S.Dunn, Y.-M. Pan, K. Chiang, L. Yang, G.A. Cragnolino, X. He, “The localized corrosion resistance and
mechanical properties of alloy 22 waste package outer containers”, Journal of Metals, 57 (2005) 49-55.

for each test.

" Equipment: Electrochemical test cell with multiple crevice assembly, Solartron 1287 and 1480 multi-
channel potentiostats, temperature controller, thermometer, pH mater, balance, torque screwdriver, i

~ Measurement Parameters: Temperature, open circuit potential, potential and current of specimen
* during polarization, penetration depth per ASTM standard G46.

40f Required Level of Accuracy: Temperature +2°C, Potentials 1 mV, Current 1 microamp.

~ Uncertainty and Sources of Error: Open circuit potential changes with time. Current measurement
' error can occur for localized corrosion processes because the actively corroding area is not the same as |
. the surface area of the test specimen.

—
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.................................................................... 316SSBA2202b
e 0
.......................... g O 05 Eaverage = '332 mVSCE
POTENTIAL SCAN AND HOLD ] S e Standard deviation = 11 mVgce
.................................................... Objective: See page 1. EJ) -0.1 1 End potential = -342 mVgce
Alloy /HeatNo.: 3lbk WT*P3aTHG  “e-aa 2297-3-3260 Creuree Washess Lihpeaaee ® 015
m = .
Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing.**" X ................................................................................................. ;
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone then )/ raf)k = -0.2 1
crevice forming washers attached to specimen using C22 HT#2277-3-3266 Hardware Torgue to 50 in- 3 10 -g
.................................................... oz.or 7 5 in |bS x . H 7 /7y 5 _025 4
...—. ! U L=
Torque Screwdriver: Tave Caa®™  Model# &Torque: 75~ Ta- lbs SN: bGyoo0es) £ -03 —\\\
................................................... Cal: 4 IQL[ os Due: 7 / ol / v
Initial Weight: 2.1 bbbb S Mode!: Sartorius Genius SN: 12809099 ( -0.35 1
................................................... Final Welght. ) ; Cal: S—/"/bl_ Due: /'/” /M" [ I 45 _04 Y Y T
Solution: 234 ‘iS }k' “ Q(l{og ' ; 0 50000 100000 150000 200000
.................................................... 40 m e . : Time (seconds)
TQ— ye' D Y754, Al Lo# Poxisio —
..................................................... N B \‘&!L- TQ 2000 Ml $
316 SsSB4 02b .,
Reagents measured with Model: OHAUS SN: 2883 * ———— 20
.................................................. Cal:  7[iz)er Due: 1/13os : 316SSBA2202b
Initial pH: - b Mode!: Orion EA 940 SN: 2330 — : | . 0
Final pH: 8. ., gb Cal: 7/1 s-'/br' Due: 7/7&'/0(. AAAAAAAAAAAAAAAAAAAAAAA ' 316SSBA2202b o current density |
pH Probe: #13-620-296 SN: ‘IOBSHL — - 0.0012 —;
.................................................... 25 02 Ly 0.2
, _ _ =
otential — ;
Test Temperature: 45 Measured with Hg Thermometer SN: E 9%-1§] — Eold ‘TZ / Potential i y
. - . £ 3
..................................................... Cal: § [1-&’@3 Due: 13'12'2' o)~ R — ‘ 0.25 | < 0.0008 —| >
- h > ©
Counter Electrode: Platinum Flag T L g7 —] 04 2
g - 8
Reference Electrode: Fisher 13-620-52 SN: 4283/ 7T 30 Forward sc, £ 7 a
\,\ ~L | -0.3 - £ 0.0004 —
..................................................... Gas: 6c  with Zew Bia e 99- 5?7 fo M C,,.. ﬂgpay,w» . (uj 3 |06
i . 1 m Yin s Motk Phley bitg SN: 071 @413k — @ Roverse | 1
..................................................... PR g m Vsee Cal: g]av]oy , Due: §7as o, g 035 - scan . .
. Potentiostat: SQ\A,A wa 1Y&0 SN: 00240053 ' > ! | | | I T | T -0.8
6L 2OCN2 85 ui |
______________________________________________________ DATA FILE: SL6LBA 2 6cATR- By, (6LBA22D ~BE_ (0 1ChY. i ui el o 1000 20000 o000 40000 50000
3/6LM ZJ'S” G¢ ))(6LB/aJ}~S{A 8(\‘ 3(6 ng/ QD B¢ ] ’ Time (seconds)
...................................................... Number of Crevice Corrosion Sites: 4 (24 max.) \\ S - 316 Stainless steel (Anode) with Base Alloy 22 (Cathode) crevice
: . a4 Qaeo ane Base Alloy 22 bolt and nut, no, Jeflon tape wrapped
...................................................... Crevier Qonnaien \:r\ /g'!'-{ ¥u§r eviel W 5 0.45 - " Anode to cathode area ratio:?[ » Torque: 75 in-lbs
I ; T2z Crevieg Wuttneas Mao Q)t}* Ly} No Coanssien ’ - N, deaerated, 95 °C, 4 M NaCl solution ¥+ 7/:%0_&
...................................................... AN Sualac es & S ex.. me~ k.\o Cr2z Hoowdae 40 Forward scan rate: 0.1 mV/s, Potential hold: -240 mV,. for 8 hours
! . Reverse scan rate: 0.0167 mV/s
Have Geow \"'\\ S‘}Qx nt '\a - 05 , , : ' Using entire assembly area as surface area for calculating current density
...................................................... ,% 10 8 6 -4 2 i<10% 2//sz at -339 mVSCE! i <210 A/cm2 at -355 mVSCE,
- i < 10% Alcm? at -363 MVgee
fan “\‘3 ¥ 20.060v2.9(-322. 003 ‘ , - Iog(I(Amps/cmz)) Using crevice specimen area as surface area for calculating current density
....................................................... 45 i < 10.5 A/Cm2 at _355 mVsCE; | < 2*10—6 A/Cm2 at ‘384 mVSCE;
o i< 10% Alem? at -408 mVg,
....................................................... ¥ MA‘L NIV 7.2 Q(Aw‘u\a' 2 See fa'\ ;
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Objective: See page 1.
Alloy / Heat No.: Q.02 Raye A\\m{ m—'&nﬂ_3.32%

oz.or75in lbs.

Cal: Hlulor

Initial Weight: 23. 32 %‘\}

Model: Sartorius Genius

POTENTIAL SCAN AND HOLD

“'/7:7 Hr¥cpams Casuree wWashews Ano

Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawir;)g.y Hoaowane
Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone then

crevice forming washers attached to specimen using—C22 HI#2277 3-3266-Hardware—Forgue-te 50 in-
Ia/yﬁr Mo

Torque Screwdriver: Pdo\o blod Model# &Torque: §°0 Tn-07

SN: 1290672
Due: I“/H ey

SN: 12809099

............................... Final Weight: 2_’) '3&5’(2 2, Cal: S"/“l"?' Due: # /ll [‘53"
Solution: 4o m Ne, ¢y
— ‘(‘M}D 46758 o\ Lot Fosisio
: + DT wshen ™o 2000m
BanTv 70 2b :

Reagents measured with Model: OH?US

Cal: 6 I Rllor
Counter Electrode: Piatinum Flag

Reference Electrode: Fisher 13-620-52

Ecorr:
Ept:

- 32 M\/“'q Cal:
Potentiostat: S‘\qa, o 14 &0

S"/J."J"S‘

DATA FILE:

Number of Crevice Corrosion Sites:

T Clevice buosheas N

on T Nerowate

¥y \ ‘
) Dmm«g(:& 20.06052.0(.32) g0 .

* M\L‘— TN WLd DQQW“'\&, jj; 53; fbjﬁ\v,

Gas: ot with Zeao A Hheo 95995 / Y, Lo
=76 riUs o o ), Model: Keithley oy

No Cleviee Connoson 0/3'-{ ‘?eéﬁ

SN: 2883 ’
Due: I/lz/o(.

Cal: ‘7}43 % 2
" Initial pH: 7. %6 Model: Orion EA 940 SN: 2330
Final pH: 9. «© Cat: 7/'1—3‘10"' Due: 7/25(0k
I pH Probe: #13-620-296 SN: 406579,
25
v
E—— Test Temperature: 93 ¢ Measured with Hg Thermometer SN: € 9(-&(6

Due: ,7,/;1 oy

SN: 3329075

E etfnssiua*‘.'o~
SN: 06443
Due: S’Ilglog
SN: ©® 0 46653

BA2TU7-50 - UnlChS  BARTI 750N, Bp22 T 74050 w(An ( Y
CAV T 40S H _nlChS, BAT750SD-UnIChS

O /24 (24 max.)

QS(- C.ﬁ(’.v'ot(’_ sshen.
/50}.‘. No Coearosio~

Gols A-:l\\- Sninia o~ Sfewmc~ - O\ ‘\~.‘«AV S\"q.l'\:v,_
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BA22Ti702b
0.15 Eaverage =-126 mVSCE
.............................................................. Standard deV|at|0n — 99 mVSCE
W 0054 End potential = -35.1 mVgce
)
.............................................................. > -0.05 1
8
............................................................. 5 0151
o
o
............................................................. -0.25
15 0 50000 100000 150000 200000
""""" Time (seconds)
12271702
2E-005 BA 2217 {)
Potential .
m — 04
—~ 1.5E-005 — _
£
L
[9]
06 BA22Ti702b g 1E-005 — | ‘_é‘
. Z :
‘- 3 Current density °
0.5 Reverse £ 7 —-04 £
0.4 - scan S SE.006 — |
0.3 -
7] — -0.8
u 0.2 - J
12 0 —
> 0.1 l | T | [ [ i l I
o Forward scan
0 - ] 20000 40000 60000 80000 100000
Time (seconds)
-0.1 - .
Base Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 bolt and nut
-0.2 4 Anode to cathode area ratio: ~41~; Torque: 50 in-0z;
03 | N, deaerated, 95 °C, 4 M NaCl solution ¥**T ?/53/ot
e Forward scan rate: 0.1 mV/s, Potential hold: 550 mV, for 8 hours
-0.4 . . Reverse scan rate: 0.0167 mV/s .
9 C 7 5 3 Using entire assembly area for current density calculation:
i i ) ) i < 10 A/lcm? at 539 MV i < 2*10° A/em? at 395 MV,
log(I(Amps/cm?)) i < 10 A/cm? at 384 mV g, . .
Using crevice specimen area for current density calculation:
i < 105 Alom?2 at 397 MV | < 2*10° Alem? at 353 MV
i <10 A/cm? at 307 mVg
Continued To Page
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20
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Cal: 7[;1-1, oy Due: 7‘1:’0&
initial Weight: 23, 3{ 2§49 Model: Sartorius Genius SN: 12809099
15 Final Weight: 23, 30?643 Cal: S‘/M 8 Due: ll/“ oy
............................... Solution: oo ™ Ml :
S 4o Sy Ml LiPesisio
................................ ’(:e;,,( 'LD . .4 D Gustea e asbvo M\S
— BB T To5b ,
[ Reagents measured with Model: OHAUS SN: 2883 5
................................ Cal: ‘l,n os Due: | I,zlo(.
— Initial pH: 7,12 Model: Orion EA 940 SN: 2330
................................. Final pH: 7 L; Cal: 7’23’ o8 Due: 7[23’) 64
S pH Probe: #13-620-296 SN: 4o0bS19(
— Test Temperature: g5 °.  Measured with Hg Thermometer SN: H 99-119
cal: Sfofes Due: s]s7st
I Counter Electrode: Platinum Flag o
""""""""""""""""" Reference Electrode: Fisher 13-620-52 SN: 925 /65"
................................... Gas: 0P “2en0 hin then' A% Ny $on £ Lepassivation
Ecorr: —20( ’"'VSCE} (A (Vs Model: IL,_;-H,\\bI biy sN: ©704930
................................... BPt 126 mUse Cal:  Shaafes . Due: §’[au)ux
Potentiostat: S'g\.q,-A-M,\ 14%0 SN: vo240053

Continued From Page

I POTENTIAL SCAN AND HOLD
Objective: See page 1. ‘

XX

I Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone then

Torque Screwdriver: Toue Ceafd Model# &Torque: 1S5 Ta-lbs SN: LSYooo LG}

BAL W1 9Cair_ym Ché, BAR TN, g2y soa

DATA FILE: _
I BAI2T)75 SH _ taiché, BpnT 125 D= Unitls
.................................... Number of Crevice Corrosion Sites: 0/24 (24 max.)
Nos C'laulce Qﬁw‘ll’ﬁ e/gq ~bu_,x‘- & Cﬁe,\_}c,e wuasheas
N Qaesio~ on T0 7 Ceevler nosthens oa s Bl

CDO\D \\J"C\' S\\‘;"\:" on. S‘fw'fkl'»- . Du\\ \H«"' S'“ nin
o .Y #\wéﬂ,u 4

2 o

45

mefv»&ﬁ 23006022 O(. 322007
* uﬁc‘o S{N:«w- tepa !.;Lu Qn-&- ‘Qum u-Tﬂ '}

LW e De,ow%a/ B Cee @b:'“"\

crevice forming washers attached to specimen using =3= 50 in-
oz.or 75 in lbs. n;u/n- Dk~ 9

— Alloy / Heat No. : ¢+2%. Base A\\OY ﬂ\*arn- 3306 W/T.‘ 7 Ht*c:\Jg:ng Coeujet WAs\tn.s 4 Hanouate
“““““““““““““““ Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing’ % V;

X9 Ysofo§ —r]

Continued To Page
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0 BA22Ti703b
0.05 Eaverage =-223 mVSCE
e Standard deviation = 60 mVg¢e
§ -0.1 1 End potential = -170 mVggg
@ -0.15 1
>
> 02
S
t -0.25 -
2
& -03-
-0.35 -
"0.4 T T T
0 50000 100000 150000 200000
Time (seconds)
RA227r7¢3
B
Potential
— 0.4
8E-006 ~—
&é‘ _
X3)
BA22Ti703b 2 _ _ o
0.6 E Current density
z
0.5 - a |
S 4E-006 —|
0.4 - = — -04
0.3 { Forward scan 3 | ]
. :
o 0.2 -
— -0.
8 L °
i 0.1 - ]
w i Reverse I R R A
0 - scan 0 20000 40000 60000 80000 100000
Time (seconds)
-0.1 - ,
. Base Alloy 22 (Anode) to Ti Gr7' evice, Ti7 bolt and nut
-0.2 Anode to cathode area ratio: ~14 Torque: 75 in-Ibs;
N, deaerated, 95 °C, 4 M NaCl solution X*H 7/27yt
-0.3 ' ' Forward scan rate: 0.1 mV/s, Potential hold: 550 mV for 8 hours
-9 -7 -5 -3 Reverse scan rate: 0.0167 mV/s
2 Using entire assembly area for current density calculation:
log(I(Amps/em®)) i < 10% Alcm? at 550 MVeg; | < 2*10°¢ A/om? at 387 MV,

i< 10% Alcm? at 327 mVgq,
Using crevice specimen area for current density calculation:

i<10% Alcm? at 387 mVq; i < 210 A/lcm? at -180 mVg;

i< 10° A/lcm? at -185 mVg,

Continued To Page

SIGNATURE D@

DATE

9/22/0("

DISCLOSED TO AND UNDERSTOOD BY

DATE

PROPRIEKARY INFORMATION

\




BOOK PAGE
TITLE

PROJECT

Continued From Page

— POTENTIAL SCAN AND HOLD
Objective: See page 1.

Specimen Preparation: Specimen machined to dimensions specified in

Cal: 4|ufos

Initial Weight: 2.3.32647 4 Model: Sartorius Genius

SN: 1280909f
""""""""""""" ; caht . ) Due: /Mjujog
15 Final Weight: 2%.;2’%0((’ } Cal S’ll IOS" ue /
......................... Solution: 4.0 M MQ(
I q(q.:rg;_, Nul/| lot # o5 i510
.......................... . - 4+ P W&‘\'U\ ~To Qo060 ,A)
o (ek1D . BanTitaep |
B Reagents measured with Model: OHAUS SN: 2883 -
........................... cal: ~fi2]os Due: t/lllob
= InitialpH: 7°7% Model: Orion EA 940 ~ SN: 2330
""""""""""""""" Final pH: 7 L(.L(- Cal: 7 1‘5-/0"' Due: 1 23’/0‘-
frereee ) pH Probe: #13-620-296 SN: 4o 6512
25
I Test Temperature: g5 ”c_ Measured with Hg Thermometer sN: HGy- [0
----------------------------- Cal: 4 l‘l/os‘ Due: ‘/,2'7/06
Counter Electrode: Platinum Flag B
30| Reference Electrode: Fisher 13-620-52 sN: 332901 T

Gas: 0P with 2eas Bin  Fthea 99 777/06 Mo Lon

Ecorr: — (48 mvs‘-E (rn  Model: [/ ‘H\‘c 61K

Ept: 145 m(/s(;a e Cal 57"7/‘” 1
Selastes~ 1450

B T7-70cir,

BA22T(7~70CA 2 _(Un ICh D

Number of Crevice Corrosion Sites:

Potentiostat:

DATA FILE:

T!\l Cb»’\oe_ A \‘ C"@VN‘.{, Wq-i\\ens

i T g\ue,/ Q\o "}‘1-\'\' S‘*‘QA’“ qmo\ ~ v‘.\\,'“\,
I Sﬁq-n.«a’ o 171 Q:’Lowom( uu-'“\ @o\\ Af\o Mo
45| -EDW“%'& 70.06002 .0|. 327 . o),

e = CuuRe Onawin },* See fa

— Alloy / Heat No. : C-22 Base. A\\csj Hi*aar3-326 /7.0 H1¥ewa11s Cathoor Conice washens

\
e Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone then /l
crevice forming washers attached to specimen using %ﬁ?f???@ﬁ'ﬁammm 50 in-
oz.or 75 in lbs. Pfufes ko

Torque Screwdriver: PA_A-O GfoY Model# &Torque: 70 Fa-0z.  SN: 139072

BARTD-ToSV, B22T' 772 SH. BANTITOSH,

0/24 (24 max.)

Ne Qﬁe,u\ce QbMoSm\ /3'-( *Qu,\' o&- Curevice Uunshe~

- 5{)@:,‘,\\0,, (Zc \‘5\\('40 ‘Qum«

ae
CNWRA Drawing 4! 040w

Due: fo](1fos

Etpﬁss ‘ VA.‘L' v~

SN: ©70443b
Due: 5’)3.(,106
SN: Oe 240053

kﬁx— boH“ Ao COMO& o

Loether Tzﬂ- I

SIGNATURE

-
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BA22Ti704b
0
0.02 | Eaverage =-147 mVSCE
5 ’ iati —
0.04 ] Standard deviation =19 mVgce
.................................................................. w En tential = -
8 006 | d pote 134 mVgce
__________________________________________________________________ 9 -0.08 1
> 0.1
L] %’ -0.12 -
Q
© -0.14 -
o
................................................................ 0.16 -
-0.18
0 50000 100000 150000 200000 250000 300000 350000
Time (seconds)
20
3E-006 BA22Ti704b
N Potential .
25 & —
£ 2E-006 —
o
3 —1o "
E o
< = >
> Current density i =
g £
,,,,,,,,,,,,,,,,,,,,,,,,,,,, & 1E-006 —| 2
%0 BA22Ti704b 5 — 4 s
0.6 5 i
05 4 Reverse ]
) scan 0 —i 0.8
0.4 - e
35 0.3 / I l I ' I I T | I
W 02 Forward 0 20000 40000 60000 80000 100000
>“,,’ . scan Time (seconds)
wi 0.1 - Base Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 bolt and nut
0 Anode to cathode area ratio: ~1/18; Torque: 70 in-0z;
40 ’ N, deaerated, 95 °C, 4 M NaCl solution
0.1 1 Forward scan rate: 0.1 mV/s, Potential hold: 550 mV,.. for 8 hours
Reverse scan rate: 0.0167 mV/s
0.2 - Using entire assembly area for current density calculation:
i< 10° Alem? at 550 MVgce; i < 2710 A/cm? at 550 MVgqe;
-0.3 . : , i <10 A/lcm? at 459 mV.
45 12 -10 -8 6 Using crevice specimen area for current densnty calculation:
i <10° A/lcm? at 433 mVgge; | < 2*10°° Alem? at 379 MVgee;
log(I(Amps/cm?)) i <10 A/lcm? at 334 MV, :
Continued To Page
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POTENTIAL SCAN AND HOLD

Objective: See page 1.

Alloy / Heat No. : €32 i'msd\\\‘.1 W3-80 Y17 Wit ewarrs Calove Ceeviee Lather fine

T - H
Specimen Preparation: Specimen machined to dimensions specified in CNWRA Draw i ng X

oz.or 75 in Ibs.
Tna-1lbs

ReDwore %e

Specimen surfaces polished to 800 Grit finish using SIC paper. Specimen clganed in acestone then .
crevice forming washers attached to §pecimen,u3|ng < -m/“ p HeTdm 50 in-

SN: {54000 6q]

Torque Screwdriver: True Casly Model# &Torque: 75

Cal: 7/:. bs” Due: 7[‘.1:[0(.
Initial Weight: 2.3- ‘3'0‘0032} Modei: Sartorius Genius SN: 12809099
Final Weight: 3%_50?7(? cal: S/njos Due: I//” oS
Solution: 4.0 m Anef
4e1-54, Necd Lo+ Ho5(510
+ O Looten Yo 2000k
(est ID . BA>2T720b
Reagents measured with Model: OHAUS SN: 2883
Cal: 7/12/«:3— Due: l/tz/o{,
Initial pH: §.92 Model: Orio? EA 940 SN: 2337 ’/ .
Final pH: 7, ((_é Cal: 7/asjo¥ Due: 7/23]¢
pH Probe: #13-620-296 SN: 4066319¢
o
Test Temperature: G5C  Measured with Hg Thermometer ~ SN: /8330 3
Cal: ‘7/11 by Due: I/Il oL
Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52 SN: & 25 /439

Gas: ©cf w.*H\ Zeo Nia Hrcn a)c)-ﬁ‘i‘?% M G E ﬂerés}ua“‘;m\

Ecorr: =2 ¢ ngI: jn Mo Model: k—ci“«\hl 6y
EPt 1) mlyee % cal: ¥ 1—,[0,_
Potentiostat: Qo\q —

1440

SN: ©T64530
Due: S~ 2@/0{.

SN: 0o 240053

B& T?~750ir_a(Che, BA22TT_75p2_Unlchg

DATA FILE:

e 2> TET-WSU |,

Number of Crevice Corrosion Sites:

panT 7-755H, B4 2&)7«‘ 2-75SD
o

124 (24 max.

'\)0 Qtw‘nt{ Cealosro~ O/&Lf Qcc\- o‘% Ceeuice Was\r\&’\.

Caeviee Washens

Ti 7 Oyhhene w

o ¥x D\mw\\f&-ﬂ 20. 06092 o[- 322 002

A

* MA‘:,‘. Qo OW“&'ﬁ/ See Py \

M/ 8,
GO\D \\"&\’ S\}(;J'\:l\a_ o~ A\\. Su’l&'ﬂtcs Q&' Spect
T Y Cadnsoe MU\‘/G»H‘ Howve O Sk‘m'ma_ o~ AN Surface;

PNE A~

Ny Camnpsio~
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0.02 BA22Ti701b
0.03 Eaverage =-179 mVSCE
YY1 Standard deviation = 62 mVgge
......................................................................... w -0.08 1 End potential = -116 mVsce
(2] .
¢ 013
>
> .0.18 1
S
........................................................................ E -0.23 4
°
8 .0.28 -
-0.38 -
........................................................................ 0.38 | | | '
0 50000 100000 150000 200000
- Time (seconds)
BA22Ti700b
4E-006
N — 0.4
— 3E-006 — Potential N
A ,
o |
8. — 0 w
E 8
< 2E-006 — >
BA22Ti701b ‘ ;7“>," _ )
0.6 , 5 . S
potential,hold et o
05 - ' 5 e nhalE
. £ -006 — Current density
O _
0.4 1 Reverse scan T
w 0 — ~— -0.8
O
(73]
g; | | I I I ' I I T
- 0 20000 40000 60000 80000 100000
" Time (seconds)
1]
Base Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 bolt and nut
Anode to cathode area ratio: ~+/48; TOFQlﬁZ 75 in-lbs;
N, deaerated, 95 °C, 4 M NaCl €0flition¥H 7/23/af
Forward scan rate: 0.1 mV/s, Potential hold: 550 mV for 5 hours
Reverse scan rate: 0.0167 mV/s
Using entire assembly area for current density calculation:
-4 i< 10®°A/cm? at 550 mVg; i < 2*10° A/lcm? at 550 MV,
2 i< 10% A/em? at 513 mVg,
log(I(Amps/cm’)) Using crevice specimen area for current density calculation:
i < 10° Alem? at 397 mVgg; i < 2*10¢ Alcm? at 356 mVg(;
i< 10°A/cm? at 334 mV,
: Continued To Page
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POTENTIAL SCAN AND HOLD

Objective: See page 1. . }/

Alloy / Heat No. : 22, WY*3a73-3°324% WA 83 wf cer HTtmmr-seneke K 3
weloen SeluboMancates See " S¥ MRS Cepuice WAS\\us_ Ao Hondosec

Specimen Preparation: Specimen machined to dimensions specified in CNWRA DrawingX¥

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone then

crevice forming washers attached to specimen using C22 HT#2277-3-3266 Hardware T orgue to 50 in-

oz.or 75in lbs.

Torque Screwdriver: pﬁo\o bl0%  Model# &Torque: SO Ta-02 SN: 139 072’ w
Cal: H}gtTor Due: /0/“/0’
Initial Weight: )3-3’14‘15_}_ Model: Sartorius Genius SN: 12809099 -
Final Weight: 23 .373033 Cal: S§/ijox Due: b/njot
Solution: 4 m Ml
Test . 4or.3, el tof Fosis10 . _
+ T Teo 2000 mls
WA22 54 Bm220(C :
Reagents measured with Model: OHAUS SN: 288 o N
cal: 7/13/05— Due: ! w/oe ——
Initial pH: - 44 Model: Orion EA 940 SN: 2330 ]
Final pH: 7-45 Cal: 7I7’ oy Due: 7/zsfoe
pH Probe: #13-620-296 SN: 4es5194 o
Test Temperature: 25% Measured with Hg Thermometer  SN: ¢ S56°377 .

cat: 7fifes

Due: I/ﬂ/b(-

Counter Electrode: Platinum Flag . ]

SN: 330032%

Reference Electrode: Fisher 13-620-52

Gas: ©OCP --z‘H\ 2ens fin Pen ‘TQ-T“‘I"\% N:, & E ecpésf?u@ 0
Model: ICU‘M\\PA/ 6 sN: 0704934
Ept: 2k V“"\/\SO" Cal: 5";7105- Due: 5/atfos i
Potentiostat: Sb\géw,\ SN: 60 23¥26I
WA22 S BA 22 (@ir- RnlON, wWa253ba4 2> bair. (hal Cht,
W24 09 2 UNN2 , WB22S4 Bpa2ysD, WAL 225U,
Number of Crevice Corrosion Sites: 024 (24max) W@ 2354801 )2“5;—{

Mo Caevice Connosion ‘724 47“} c& Crevice W"S\'\c«

C-2z  Quecuvice M\\cms A JaoH  show A&aSia.\ & Contwsiom

Gols VoY S‘\*ﬁf\:qa_ o~ Al Soe’cﬁﬁté o‘Q Sch;me\

Ano C-22 Ceeuice washeds Mo Maoeownee

Ecorr: »(é)_ O \/‘S‘E

DATAFILE:

Dwm‘% 20.0600) .0(.322 .00

¥ S‘)ca\w—w\, Q-!.Pe\u\"o &m qu;(\w\\vﬁl,.)/~c~mu D”"W\‘“a}\’SCopg‘

Continued To Page
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WA22SABA2201cEcorr
-0.07 Eaverage =-157 mVsce
Standard deviation = 24 mVgce
-0.09 1 End potential = -163 mVg¢g
3 .
& 011
g
= -0.13 5
5] , |
£t -0.15 -
2
o
& 017 -
-0.19 S
'0.21 T T L
0 50000 100000 150000 20000(
' Time (seconds)
WA22SABA2201¢
2E-005
Potential — 04
WA22SABA2201¢ —
0.6 . —
hold potential & N
o
g — 0 w
0.5 - £ 1E005 — 3
> Current density | T
5 5
0.4 - z : I
Reverse £ 1 -04
scan S |
0.3 - 0 —
3
Q — -0.8
% 0.2
> I | [ l 1 ! I
>
» 0 20000 40000 60000 80000
w 0.1 | Forward Time (seconds)
’ scan
Welded + solution annealed Alloy 22 (Anode)
0. with Base Alloy 22 (Cathode) crevice
Base Alloy 22 boltand nut 3 %H G/l
Anode to cathode area ratio: ~44; Torque: 50 in-0z;
N, deaerated, 95 °C, 4 M NaCl solution
-0.1 1 Forward scan rate: 0.1 mV/s; Potential hold: 550 mVg. for 8 hours;
Reverse scan rate: 0.0167 mV/s
Using entire assembly area as surface area for current density,
-0.2 . . . 1 i <10% Alem? at 507 mVy; | < 2*10° Alom? at 406 MV g,
-12 -10 -8 -6 -4 i < 10° A/em? at 390 mVg.e
2 Using crevice specimen area as surface area for current density,
log (I(Amps/cm®)) i <10 Alem?2 at 411 MV | < 2*10° Alem? at 360 MVgee;
: 1< 10% A/lem? at 297 mVg..
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POTENTIAL SCAN AND HOLD

Objective: See page 1.

Alloy / Heat No.: C22. HT*2217-3-3292 wnm3

dceo SolMon Annm\to See py
Specimen Preparation: Specimen mac

w/c-w, Wi #2279
Coeute Cathooe

Yo wg™as
hined to dimensions specified in CNWRA Drawi ng~¥

Xt"( 9/)';/05,

-3-326k X{ %0

Specimen surfaces polished to 600 Grit finish usinrg SiC paper. Specimen cleaned in acetone then -
crevice forming washers attached to specimen using €22 HT#2277-3-3266 Hardware T orgue to 50 in-

oz.or 75 in Ibs.

Torque Screwdriver: lesro blo4 Model# &Torque: SO Tn-0z

4 /u/ os”

Model: Sarjorius Genius
Jos

initial Weight: 23.315°6|
¢ o

Final Weight: 23.S0 ssl}

Cal:

Cal:

Solution: Lf M MC‘
46752
Tost 1D, + 0T A
wa2s4 3A2202C

Reagents measured with Model: QHAUS

Cal: 7ﬁb/03‘
Initial pH: 734 Model: Orign EA 940
Final pH: 1.4 Cal: Y 25’70)"

Test Temperature:

pH Probe: #13-620-296

7.)'0(‘__

Counter Electrode: Platinum Flag

Reference Electrode: Fisher 13-620-52

Gas: 00 WiV 20 Aia thea 999 50 ML’CW\_ E &pos;)ue’&iu-
SN: 6704936

Ecorr: .—-ZC M\fs(;&
/Q—I M\fs(_

Ept:

Model:

Measured with Hg Thermometer
Cal: q/

270y .

kedh

Cal: 5*/37 /08’

Potentiostat: 5494» ro~  1UED . 48
WA2258 882250 - Untth2, WAR PBgpns 01 o (1ithn2,
DATA FILE: WA S4B S , WA 2258 PA22155U, 435 saBn 22 (CSH,

Number of Crevice Corrosion Sites:

i\

-2t

e-27 U5 Qn—‘\\'\ooe

£i¢

SN: Y3907
Due: lo/ll o5

1Hjifos”

SN: 12809099
Due:

e Lot tesisio
WA:)TU\ \\\0 2000 m U

SN: 288
Due: [/12/0¢

SN: 2330

Due: 7/15' 04
SN: 406511,

SN: 1I5¥S%
Due: ‘//.‘21 o6

SN: 4o 9027

Due: 5’/2 ((0(9

SN: 0 ©23%265

0724 (24 max) WA 2264 44321 55T

No Qeeviee Qoanesion o/.'u—( ﬁuﬁ- é, CQeeviee \Nqakccj
Creuice. Catooe w-‘H\ Credice W%\\cag

(VES A’\O ﬁo\'\' \waet. No Qontosion-  Gdo S‘h‘u{..a_
on M\ Sueleces o S'€<:c;nr-~.~

lic\{\' 8’0\0 ‘H:\ S‘}A}A;a,

on uﬂ.\)—)\ “nq‘owsli(
"""" ;**Drwu‘wz # 20.06002-0(-722. 002 _
| Continued To Page ”
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WA22SABA2202cEcorr
0.01
Eaverage =-47 mVgce
-0.01 1 Standard deviation = 14 mVgce
W End potential = -23 mVgce
e 220,08 A
- ®
>
S - |
L) 0.08
5
5 -0.07
a
-0.09
'0.1 1 T T T !
0 50000 100000 150000 200000
Time (seconds)
WHA225438220 C
Potential —104
WA22SABA2202¢ 4E-005 —]
0.6 .
hold potential o _
. 8 _
05 7 8— — 0 w
< &
04 | Reverse Z 26005 — N ]
: scan e £
© . —
= Current density 104 £
0.3 1 o 4
w 3 -
S 02 Forward 0 —
J scan — -0.8
>
> 0.1
Llj\ I | I | I | I
0 20000 40000 60000 80000
0 1 Time (seconds)
0.1 - Welded + solution annealed Alloy 22 (Anode)
with Base Alloy 22 (Cathode) crevice .
Base Alloy 22 boltand nut ~ jje X 9/ 33/o§
-0.2 4 Anode to cathode area ratio: ~g; Torque: 50 in-oz;
N, deaerated, 95 °C, 4 M NaCl solution
03 Forward scan rate: 0.1 mV/s; Potential hold: 550 mVg for 8 hours;
- ' ' Reverse scan rate: 0.0167 mV/s
-14 -9 -4 Using entire assembly area as surface area for current density,
i <10% Alom? at 535 mVg; | < 2¥10° A/lem? at 400 mVge;
log (I(Amps/cm? h< sce scer
g (ItAmps/em’)) i <10%A/cm? at 385 mV g, _
Using crevice specimen area as surface area for current density,
i < 10 Alcm? at 385 MV, | < 2*10°6 Alcm? at 354 mV g
i < 10° Alem? at 336 MV,
Continued To Page
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POTENTIAL SCAN AND HOLD

Objective: See page 1.

g
Alloy / Heat No.: €-22. HT%33y7-3-2292  LUMED W/C"&L HT™9279-3-3266
wilses Splihen Annesles e,ey*ﬂ’ NE% 7,4 Careuice washin M Hatowory

Xt

Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawi ngf¥ Vs aréa mﬁ‘c S

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone then
crevice forming washers attached to specimen using C22 HT#2277-3-3266 Hardware T orgue to 50 in-

oz.or 75 in Ibs.
Torque Screwdriver: TQUQ,C,ZA.}‘— Model# & Torque: 75 Ta- lbs SN: 4,%070 6a/

Cal: 7/31/05‘ Due: 7/;“ ob
Initial Weight: 32.3731(0& Model: Sartorius Genius SN: 1280 9))99
Final Weight: 3,1-37551,} Cal: S /jjes Due: H jufos
Solution: 4.0 m MC/{
1"
— 467-53, Mucl f Yossso
” . Y & )¢
[est LD, WA SB8A0C 75 0 "0
Reagents measured with Model: OHAUS SN: 2883
Cal: '7}1 oy Due: l/ 2[06
Initial pH: s16 Model: Orion EA 940 SN: 2330
Final pH: S-§4 Cal: 71251‘”' Due: 7/:3‘/05
pH Probe: #13-620-296 SN: Hpbs19
Test Temperature: ?SOC Measured with Hg Thermometer SN: 0(3‘3?7
ca: fufos pue: 1Juifow
Counter Electrode: Platinum Flag
Reference Electrode: Fisher 13-620-52 ‘ SN: ®1\9956Y
0 — .
Gas: 0cf \.\_«‘“\ Zeno A"N Hhea 99997 0 NL {‘\U’L E &P"SS(‘U‘)—"LO«
Ecorr: —i §( m(/.s‘ag ‘A My Model: Iﬁz;*)’n< Gy SN: 0204936
( 1
Ept: _ LS" MUIL’ } Cal: 5’;,7)05. Due: 5/3,5 ob
2
Potentiostat: SQ\A’L Ao~ THYO SN: 68248653

W2 842 Gaca TR b - Bice - UnlCh2 . wasa )2 gy wotw2b gl
PATATEE witd gy pasinb g Un1Ch2, WASEVIBETSHE B (tnick 2,

Number of Crevice Corrosion Sites:

Ne Ceanosion o~ C-27  Creuvice WAS\'\:/b MU¥/601+
85\0 ~\".'\% S\\“\‘lf\;»‘_ YN AA\ SVL&AQZS 0&‘ Sfe-(_l.ﬂ\e/\

AD Q"'-c Uiet &uq;\r\e_as [\WPN Hawo wqae

oS

0724 (24 max) W 422 B2 2l B ilal
N Quevice Qonnosiom 72‘{ \Q%* 5§T Crevice W“&»\Ms chy

Cont)‘nued To Page
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........................................................... WA22SABA2204cEcorr
-0.01 -
5 Eaverage =-128mVgee | T
Standard deviation = 22 mVgce
W -0.06 - End potential = -110 mVgce
@
S
e > ettt ]
10 >
U, E —————————— e e e ——
[0
"5 .....
o
0,16
] I
'021 T T T T T T
0 50000 100000 150000 200000 250000 300000 350000
Time (seconds) WA22SABA2204c ‘
20 3E-005 !
Potential
| — 0.4
5 2E-005 — Current density
25 g_
£ —0 8
< n 9
WA22SABA2204c 2 - ]
0.6 ‘ S 1E-005 — g
‘S — -04 O
05 - 3 . i
Reverse J
0.4 scar/ 0 — — -0.8
0.3 Forward :
w scan ' ' l '
O | 0 20000 40000 60000
a 0.2 Time (seconds) r
4
>
> 0.1 Welded + solution annealed Alloy 22 (Anode) 1»
i with Base Alloy 22 (Cathode) crevice :
0| Base Alloy 22 bolt and nut
Anode to cathode area ratio: ~1/3; Torque: 75 in-lbs;
N, deaerated, 95 °C, 4 M NaCl solution
-0.1 1 Forward scan rate: 0.1 mV/s; Potential hold: 550 mVg for 8 hours;
Reverse scan rate: 0.0167 mV/s
-0.2 1 Using entire assembly area as surface area for current density,
i < 105 A/cm2 at 405 mV.; i < 2410 A/cm? at 363 MV
0.3 , , : ‘ i < 10 A/lcm? at 358 mVg
12 -10 -8 6 -4 Using crevice specimen area as surface area for current density,

log (I(Amps/cm?))

SIGNATURE <f/€Q .

i< 10% A/lcm? at 367 mVgy; i < 2*10° A/em? at 327 mV g,
i< 108 A/cm2 at 309 mVg,

DATE

1§
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POTENTIAL SCAN AND HOLD
Objective: See page 1.
Alloy /HeatNo.: 31b L WY*P3074|

L"/ 22 axT7-3-326b Cevice WI’Q\V:AJ dno

. R . . . . e . ¥y Heaowsat
Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing.

Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen cleaned in acetone then
crevice forming washers attached to specimen using C22 HT#2277-3-3266 Hardware T orgue to 50 in-

oz.or 75 in Ibs.

Torque Screwdriver: ()rw‘\o 6164 Model# &Torque: £6 Ta-bz
Cal: q/ulos‘

Initial Weight: 21.61109 Model: Sartorius Genius

SN: 1340672
Due: LO/HIOY

SN: 1280 9799

Final Weight: 2. (n‘lO‘lb} Cal: S/njoi Due: njifsy
Solution: 0.§m Mt ’

_— _ 5’?.%& Null ©SISI0 Lot

(M IO + DY To ZOOOH\IS

3(65SBA22HOLD

Model: OHAUS

Reagents measured with
Cal: 'l/uz oS~

Initiat pH: G- 11 Model: Orion EA 940
-1.24 Cal: 7/25' oy
pH Probe: #13-620-296

Final pH:

Ay °c. Measured with Hg Thermometer
cat ([arfos

Test Temperature:

Counter Electrode: Platinum Flag

Reference Electrode: Fisher 13-620-52

Gas: Mo 99999 7o
Ecorr: "lf[—-lfd,/»(/g(_z’ Model: Kuw\'\‘\tj oIt
Ept: __55,,“(/;(:& Cal: .5‘/2‘7 b

Potentiostat: Solaetw~  E¥0

DATAFILE: 2( 6P 25 W E P U«A‘M\Z, 2L6LBA225HE - Ualllry

36 Lep>2Evp. ANICAY

Number of Crevice Corrosion Sites:

SN: 2883
Due: I/'Z/()q,

SN: 2330
Due: 7}25‘ ob
SN: 4/0bSYT|

SN: £ 9%-14l

Due: |2/ZL'03’
[%
SN: 4oaves/

SN: (5104936
Due: s“l:a/oe.

SN: o© 024oos3

/24 (24 max.)

Mo Caevice Cotnosion oA Specime~  3Ib L - -tz Cetuer
e wn\r\ws A lUu\‘/ b.ﬂ- Ase CoanoSion - o [} 5ufz.csee ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Staiala o~ Srcu‘mt»- MG m lo Stei '\-"b, o~ Ceevtee ]
SR \“\M\D Al I
.......................................... ¥ D”"“""“d # 20.06002.0(.327 002, o
V T * A,é\-g, v Crune X)MW\?,_H_’ See. P{\ ,;;1
SERRTURE : » DATE
é; {//%‘) ~ 7/ 2ajos
DISCLOSED TO AND UNDERSTOOD BY f'ATE ! {
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15|

E (Volts vs. SCE)
S
EN
I

-0.5 -
"06 | ll!lllll 1 lllllll| | lIIIHI| | IIIIII| 1 llIlIHl 1 L1 11t
10 108 107 106 10 10 1078
I (Amps)
g\/‘)’?{"b
A0
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5
POTENTIAL SCAN AND HOLD
Objective: See page 1.
Alloy / Heat No.: €-2a WT™2371-3-3292 WA T3 T Wa3175 Ceenien
........................................... . wg\ow &‘J\-,gﬁ Annel/\b‘ Scof "‘5“( 7"11‘,/;‘:‘5\.“ A"D Hotowe7e '/3
Specimen Preparatlon Specimen machined to dimensions specified in CNWRA Drawing®X
[ #20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen
0 cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50
| | in-0z.or 75 in Ibs.
Torque Screwdriver: Jrue CeaM Model# &To que: 7S5 Fa-lbs SN: (14008 (Y
Cal: 72705 Due: '1/24105
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Initial Weight: 23 - 3‘*4459_ Model: Sartorius Genius SN: 12809099
15| Final Weight: 2 3. 3‘-!9}0}_ Cal: 5'//4/0 > Due: » /,/u
........................................... Solution: [1. 0O m M&C—'
SN b 1o 4152y ML L+1os)sio
B . + OT watee To 2000m\;
o WA T 70(C
B Reagents measured with Model: OHAUS SN: 288
........................................... Cal: 7/}2/03‘ Due: J IL/OG
Initial pH: S~ 549 Model: Orion, EA 940 SN: 2330
............................................ Fina' pH: 5-"_‘3 Ca|; _.7/z 05_ Due: 7/25 06
IEE— pH Probe: #13-620-296 SN: Y0665 A
25
] Test Temperature: 5%  Measured with Hg Thermometer SN: £9%-19/
............................................ Cal: Qf-lz/lcf' Due: / 2/22/63"
e Counter Electrode: Platinum Flag
0| Reference Electrode: Fisher 13-620-52 SN: 4o 2903
15 = om
............................................ Gas: ocf with 2,70 AN Yo 45-999 Lo Nb Can Rc(nss)wv"‘*o
Ecorr: — (o5 s L;(,T'( Model: ’L")’l"l\hf G4 SN: ©706493(
............................................ Ept: ~46. ¢l @ Cal: S / :n[sr Due: 3“/21- [o/.
. Potentiostat: ¢\ Q,& o~ 14%0 SN: ©° 246053

WRAR2SQT7SD -

WSl 22 2_
Number of CreAvice osm Sltes ‘
............................................ NMe Ceuve Cenrnpsio~ on S‘uu
‘-\JAQ\\O.A_ - Ne Qeruuoj‘l (V2 &~

“AMW&&Q_ - \)g/z-{
i Ceeviee MM

Sfct.;ﬂ\tf\ A'\Q

45 R . Melo s Specime~ eth\'aL Lo an*\.\w*hssn

0 /24 (24 max.)

m~en /2“( 'Qze.\‘ bt thc,uicc
i ISP
M\D SUOX’-\c( S‘}‘G:nma, 8o Sz2

DATAFILE: L4 mA-T'p/L/vJ‘Q 22 59 T()a(ravf[ UnalOh 2, \WA223QTC? N2pc .onichh2,
S

Hanowant

Sec £ )

Continued To Page
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5 _—_~]0°
|2t
/\/ y\
/ o~
10 /
——— WA22SATi701c¢
.............................. 2E-006
15 - e o
i — 0.4
— 1.5E-006 — Potential
T @
Q — 0 W
£ 1E-006 Q
Y >
............................... 2 . _—é
(/)] et
T o C
5 % 5E-007 — %
5 — -04 O
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA = Current density
SO——— O ]
................................. 0
30
~~~~~ — -0.8
.................................. -5E-007 [ B B R B
35 N 0 20000 40000 60000 80000 100000
Time (seconds)
40 o
T l,[ol/‘)()
i X
— NekS
(AN
45 _ ]
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POTENTIAL SCANANDHOLD
................................................. Objective: See page 1.
Alloy / Heat No.: C-22 Bge Mo HT¥2277-3-32060 W/C"n 22171-3-3266 Ceevice ‘“’—":\“4’
10 — ) ne Warowate )3 |
Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing ~ ~ o | 10
#20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen
cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50
................................................ in-o0z.or 75 in Ibs. 6
Torque Screwdriver:7; . Qu&*\— Model# &Torque: 75~ Ta-fbs  SN: L94ove(q) ] o
................................................. Cal: 7[=a a[a ¥ Due: +faifet Ay E(/
15
Initial Weight: 23 . 35 3% ‘(a_ Model: Sartorius Genius SN: 12809099 e — 15 g (
................................................ Final Weight: 23 3.35=2 5\(,9’ Cal; .5‘/ 1 joy : Due: # / i /¢ 5 (
T e
Solution: 40 m~ Nt - K : I’
............................................... 4. 52 o) ot z“o:r}:r/o
2 TesbID: Gageooac * 0T weker o 2000 mls 20
"~ Reagents measured with Model: OHAUS SN: 2883
cal: -ifizfos Due: 1iz)y,. B // 2E-005 BA22BA2202¢
Initial pH: S %2 Model: Orion EA 940 © SN:2330 | i b
25 Final pH:  $™-7% Cal: 7/2 oy Due: 7/ 25 25 J Potential
pH Probe: #13-620-296 SN: 40¢ 556 « 1.5E-005 — — 0.4
S
........................................................ (%] w
. . . -~ Q — Q
Test Temperature: 95 C :\:Il:lasu;ed with Hg Thermometer EN. C‘:;o /8 k . BA22BA2202¢ E h >
: ue: (39 = o
S /”{“‘ e ] 0.6 £ 1E005 £
i 30 Counter Electrode: Platinum Flag Forward sca g 3
| S — © _ current density —do *®&
Reference Electrode: Fisher 13-620-52 SN: 3329078 ] 0.4 ] / g
3
Gas: 0<f “"-'-H\ Zewo A“’l« W 35 -997 2 Nb \QQ’\/ £ Q(fosfllu_é—’x.'o& Reverse scan ° 5E-006 —
................................................ Ecorr: — / 5 / MUS(E Model: ) la: H\\‘ /Y4 » SN: 6 96 4936 | ]
| 35 ’“"—'ﬁ—* Ept: )f,/ MUWG Cal: S‘[ ;.-,IOJ- Due: s‘}:u. [M,
f ............................ Potentiostat: go\a’l/x%ﬁ ,LtYD SN: &6 2y QQSS ......................................................... 0 : | : ‘ ‘ l | 0.4
- DATARLE: BAXGAN caC/BARBIR0caTL: dalthé Be22BA 22000 (Judkp | 0 20000 40000 60000 8OO0 100000
. 22 225 225D ~Unt 71
13 Number of éz%z%brl%@i%%éigﬁ A ’507’}80 ©/24 (24 max.) ¥ — Base Alloy 22 (Anode) with Base Alloy 22 (Cathode) crevice
Y s b Base Alloy 22 bolt and nut, no Teflon tape wrapped
............................................... Ne Ceevice Cennesiom o~ Specimem 54 St o\ Ceeuice Anode to cathode area ratio: ~1/43 Torque: 75 in-bs,
wns\o\uus ~ C22 Ceeuicp W%\\m Ana Haco wace Ng ' 6 N, deaerated, 95 °C, 4 M NaCl solution ¥ N2 ro()[( ol _
Sty N Coutosion - Go Ap 3 '\\ SN ace Stainie, o S'fcq' 2 Forward scan rate: 0.1 mV/s, Potential hold: 550’ MV for 8 hours;
g " R, e e . Reverse scan rate: 0.0167 mV/s
Ml suedaces - Ml Gl Wit S "7'0- o~ (22 Ceuice e — | -0.6 Using crevice assembly area for calculating current density:
................................................. washeas fAno  Moreunae I , log(I(Amps/cm?)) i < 105 Alcm? at 520 MVg; | < 2710 Alom” at 389 MV goe;
45 1 : _ i < 10 A/lcm? at 366 mVgee densit
T . | ) i b ' Using crevice specimen area for caiculating current density:
; ¥ Nife eff"\“\\"’ Specime Ss\w QWH”« TES\L/ Yy i< 18—5 Alcm? at 393 MVgg; | < 2108 A/cm? at 338 MVee;
i <108 A/cm? at 295 mVge
v / Continued ToPage | &4 | § .
1 SIGNATURE DATE SIGNATURE — b
YoRS - N/ . B | (/o
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POTENTIAL SCAN AND HOLD
Objective: See page 1.
Alloy / Heat No. : €22 Dase. Al\o., WY %2277-3 3266

W/T‘7 HT#QUJJ'I.’." Creviee (U,J».M‘

%+ Hanow are ys

Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing
#20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen
cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50

in-oz.or 75 in Ibs.

Torque Screwdriver: True Cedt Modelt &Torque: 75 Z~-lbs

Cal: —;/z'z/n—

Model: Sartorius Genius
Cal: Sfhjes

Initial Weight: 23 2Q“3g
[—/‘0 m Nka'

Final Weight: I4q74

Solution:

SN: 694000¢9)
Due: -1/2t/e¢

SN: 12809099
Due: u/u}e:r

Y 61 sza_ Motl  Lof* osisi0

. \ . + o7 wekea 2voomls
[est 0. BAr2T103c
Reagents measured with Model: OHAUS SN: 2883
Cal: 7/:1/05 Due: l//z ot
Initial pH: (.24 Model: Orion EA 940 SN: 2330
FinalpH: ¢, -9y ' ca: 7/ 35/""’ Due: 7/15/“
pH Probe: #13-620-296 SN: 40657196
Test Temperature: . C;S‘pc, Measured with Hg Thermometer sN: H9yF -)79

Cal: S /¢ /oy

Counter Electrode: Platinum Flag

Reference Electrode: Fisher 13-620-52

Gas: 2@ “/2.u0 Ainn  Fheo
Ecorr: — 2518 m

Ept: 3¢5 mUsee - can
Potentiostat: Sola2Yre~ 1550

73"7?970 Nz \g\o«_
Model: Ke:#\lc" o'y
5',2'1 o3

DATAFILE: BA2TU ")swgt ~ Un|ChE,

Number of Crevice Corrosion Sites:

Ne Quevice. Qstnesiom on Srcdnw\
Uuqs\\m - \\] 1 ch,u:cg_ WAS\\ULS

Ko Coneosion - Go\o S ORS 5\:’!&-4:{_

3{7&621&..,\ - W\ *7'\'\’ S‘!‘A;l\‘(-\&‘%

B T T

Due: 5’/3- 06

SN: §25/05

7:: 2&?355;-/4\’40«
SN: 6106493
Due: 3‘12&/5(_
SN: ©0 249053

12422 T¢ 75H@( UntCh G

BazTv 7S’DBQ—U(MU/\6

8 /24 (24 max.)

/?/‘-( “t\eo\ et Ceevice

\&l\n H AR O u-ARE

stainl on C-272

T. T Wazowast

| Continued To Page
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BA22Ti703c
0.6
0.5 1
0.4 -
0.3 1
W 0.2 1 Forward scan
(]
> 0.1
wi
0 - Reverse scan
-0.1 -
-0.2
-0.3 A
'0.4 T U T T T
-9 -8 -7 -6 -5 -4 -3
log(I(Amps/cm?)
BA22Ti703c
2E-005
Potential
- — 0.4
« 1.5E-005 — -
5
2 i o
s >
2 1E-005 — . 8
g 5
Q -
2 4 o4
g
& 5E006 — |
N — -0.8
0 —
I | I I ] | T I l
0 . 20000 40000 60000 80000 100000
Time {seconds)
Base Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 boit and nut
Anode to cathode area ratio: ~1/3; Torque: 75 in-lbs;
N, deaerated, 95 °C, 4 M NaCl solution
Forward scan rate: 0.1 mV/s, Potential hold: 560 mV for 8 hours
Reverse scan rate: 0.0167 mV/s
Using entire assembly area for current density calculation:
i <10 A/cm? at 495 mVg; i < 2*10¢ A/lem? at 418 mVg;
i <10% Alcm? at 410 mVg
Using crevice specimen area for current density calculation:
i <105 A/lcm2 at 421 mVgg; | < 2*10° A/lem? at 116 MV,
1< 10° A/lom? at -50.6 MVsce Continued To Page
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L M .
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5
POTENTIAL SCAN ANDHOLD ]
CREEER: L | e L e
+ .
Alloy /HeatNo.: C.22 Base Mley  HT*2277-3-3266 “ri7 T 01195 Ceesjer ey
10 v N Haz0ougne l/s
Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing ~ “ 7 s
#20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen
cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50
i
Torque Screwdriver: Pq\g Model# &Torque: SO ZA-0z. SN: 139072 T
15 Cal: 1—]/,,):;3— Due: /O/u/of .............................................
Initial Weight: J.3. HS'S’JJ_ Model: Sartorius Genius SN: 12809099 S
Final Weight: 5 y. /| b‘{&’a Cal: s")uIsY Due: " [ [os
Solution: 4o m Nact
. 967-524 Mol it osssio
i . cpe " 2 WQ-\C/'\ Yo LOoQ.«J)
(ef1d. pp22r02¢ T
Reagents measured with Model: OHAUS SN:2883 ]
Cal: —l/lz/c_,— Due: '/‘7/0(.
Initial pH: G -/5 Model: Orion )EA 940 SN: 2330
25 FinalpH: 4-93 Cal: /?/b‘ oy Due: 7/?3’/OL ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
pH Probe: #13-620-296 SN: 46 (5 90 o
Test Temperature: 95‘0(_ Measured with Hg Thermometer SN: H 49g-170
Cal: 42 /ar Due: ¢farfoe
o Counter Electrode: PlatnumFflag ]
Reference Electrode: Fisher 13-620-52 SN:-- 251939
o — :
Gas: 0F “freas fin  thea 1197774 N, E Repassivatdioa
Ecorr: —265 W'USCT‘J" Model: ch-*/’Hcy (L SN: ©10443(
35 Ept: %07)""(/566 Cal: 3’/;7 S5 Due: 3)1(.104,
POtentiostat: SO\AM&M" }Y Yo SN: o c LL{QOSJ ..........................................
DATAFILE: BR32T.702C — BA2LT 750C AR -UnlOLE, BA2TIVON288 _UnlAY |
LR T ZoIWE8 _AhE 6422 T2 oS HB = Uni1ChE PO T D409 3t g
Number of Crevice Z:grrosion Sites: ‘ (o5 0/24 (24 max.) 8’ s 8}'(1" la‘&
.
40 Ne Creviee Qen-ws?o- /24 Qu,;* g&- Ceeviee WAS\‘M,)
A Soarnosian o \] N Caeuiee M\’W (Xt “Mo wat
Vez— M. ia §u¢§ sce St «:9_ oo L2 Megoubdee
S\ca\I\SV‘ ou\\ j‘h\-\' Stai '\‘}oh iR Cvzc,dr'c_( WAS\\MS A'\s S
et R L e L e
45

¥ Nade = Spec mem etfo\ls\"-o Gon Noathen _'\'os‘\}aa/
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5 /

7
vt
/ \‘< - \/\
10 /
/

. o ERPGRIE - = v et
F BA22TI7OZC .......................
o ' l l l —
............................................... Potential

— 0.4
. 4E-006 —
E b EE
<
R 2 h mban -
| . = 0y
............................................... = | _§ =
2 26006 | | Currentdensity 5 R
©
................ e —1 -0.4 a -
_______________________________________________ Qo
30 5 IR
T O ]
— 0.8 .
s
I R A E D R R B R
: 0 20000 40000 60000 80000 100000
Time (Seconds) ....................................................
o RN
45 s { 2 bfo b
/ V |
—
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~~~~~~~~~~ Test Matrix for Penetration Depth in Zero-air aerated 5 M NaCl solution at 95 °C |

__________ Test Crevice assembly Coupling
i large Torque
— number Crev.1ce Washer Ar§a Bolt and ; % q
......... specimen ratio nut plate
_, 1 Alloy 22 Ti Gr.7 173 | TiGr.7 Ti Gr.7 | 75 in-lbs
B 2 Alloy 22 Teflon _ C276 | TiGr7 10(())2111-
[ Ceramic
........ 3 Alloy 22 washer _ C276 | TiGr7 |75 in-Ibs
wrapped with
“ Teflon tape
I~ 4 WA22+SA Alloy 22 1/3 | Alloy22 | Alloy 22 |75 in-lbs
----- 5 WA22+SA Teflon - C276 Alloy 22 102;n—
....... Ceramic
B 6 WA22+SA washer ; C276 | Alloy22 |75in-Ibs
wrapped with
- Teflon tape
" 7 WA22+SA Ti Gr.7 1/3 Ti Gr.7 Ti Gr.7 | 75 in-lbs
""" Ceramic
8 WA22+SA washer. _ C276 | TiGr7 |75in-Ibs
wrapped with
“““ Teflon tape
»»»»» 9 316L SS Alloy 22 1/3 | Alloy22 | Alloy 22 |75 in-lbs
AAAAA Ceramic
\\
- 10 316L SS washer . C276 | Alloy22 |75 in-lbs
wrapped with
| Teflon tape
Continued To Page
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5 g (>
2
( ]
Tl

10
15 M Procedures for removing oxides on titanium Grade-7 washers, bolts, and - |

____________ nuts per ASTM B600-91 Section 4.2.4:

............ ' 1- Solution preparatlon:
o

— 300 mL D.I. water + 75 mL nitric acid (70%) Lot # 023958 + 10 mL -

__ hydrofluoric acid (50 %) Lot # 519070 + D.I. water to 500 mL total

L 2. Leave solution cool down to room temperatare |
25

- 3. Immerse titanium Grade-7 parts separately for 13 seconds

4 RimseinhotD.Iwater(>70°¢)
30

w 5. Further rinse in D.I. water ]
35
40 L

_—5hAl°
\<.V \ i

45
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Galvanic Corrosion Test

Objective: SEE PAGE #1

S Lo SPECIMENS: Specimens polished to 600 Grit finish then cleaned in acei‘one -------------------------------
......................................... Cad  Bse A_\\'u \,\T'ﬁ— 2377- 3-320606 o «H,\ i A8 (A PPN ¢ Uuasheas '4,\ - PPLITITD ¢ S —
------------------------------ Ko MYYecmavis - T T Plete HT*emwaris -
........................................ Torque Screwdriver: Fitere: Cantt 75 Tx -lbs SN: (9400064l
__________ _ Cal: > / a2 [0 > Due: 7/ 2i/oh e

10
"""""""""""""""""""""""" Initial Weight: ) 1. ILuss, Model: Sartorius Genius SN: 12809099
—— Final Weight: M—xu:f) 9‘5'%'}“ Cal:5/11/05 Due:11/11/05 T
......................................... ) 3 y ‘55—303.
I SOLUTION: S5 m Nt R
_________________________________________ S94.40 ¢ Mcl st #osis10

15 S ———— \} Dl 76 2000 h\ts
""""""""""""""""""""""""""" Reagents measured with Model: OHAUS SN: 2883

Cal:7/12/05 Due:1/12/06 |

Initial pH: 7.79 Model: Orion EA 940 SN:2330 T

20 Final pH: 4- %2 Cal:7/25/05 Due:7/25/06 i
pH Probe: #13-620-296 SN: 4065196

.......................................... TEST TEMPERATURE: ?J’oc Thermometer: F;S kem SN: 3/ 644103

sl Cal: (/7fos Due: ¢ 7/06
WWWW, Thermocouple SN: 235 Cal: ‘z/z(,/oy Due: | atse
_ Reference Electrode: Fisher SCE # 13-620-52 SN: 332867y |

GAS: Zero Air
= ' OCP MEAS >
W UREMENT ONLY X H /4/% ]
........................................... Counter E|eCtl'Ode ( ( 7
- ( CREVICE ) CRLATE ). . e -
Ecorr: -223~v Ecorr: ~4¥9~v Model: Keithley 614 SN#:0704936 ...
“Ept:—‘ﬂ‘b‘fw Ept: +24~A0— Cal:5/27/05 Due:5/26/06 .

Xetd  (ffob

Potentiostat:Solartron 1480
TEST ID: MA p,n‘] T{']o\

DATAFILES: ¢5) 7 770/ 5, QNI |,

SN#:00240053 Cal: 8/23/05 Due:2/23/058" s¢

C22 T Jeog o - Uplch ) co (C2sfo- Unich) CRTD 1202 - Yallh (. O T

"}”/'f

ol _ DT e L8, €270 oy C;;,{i(;::jéfdifﬂ/d’? (22T cngol,
- D . L e 705 5y ;“,7)/;'%77},; PPN 2705, aghme
____________________________________________ Mo Cqeviee Csarot on %l{ -\CegA— o‘(' 7 Caevice wos hea s
wwwwwwwwwwww ) Mo Spe oF Cocwsion om To7 washens on Honowone
_____________________________________________ M,\o Sva Quo( g\Lm‘,\;.‘ o~ spec.‘m,,, ol %;,\-\ SYaia! 0,\\5 4

| I U\/ADLQ/\-s A Honowoie -¥yle SuL‘Qﬂreg Eio{j-« u~o¢4,‘ko‘oe4,' Skom )

-

L e X ¥ it 5 | —
Styns oF Copere Builovy., TEFLN wrapped Giec wivch (9 whove sl Wiy orpded

/\b\* L Specin K(,po\.u‘\bo ‘g:v» ‘Qu«a\)\-w

g e
Ve Iy~

wVHIUIIUCyu 1V 1 ayc
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x/;, A S

Coils- 2»#1,;/)

e Y /W{)b’)/) Wi a2 YT A 2L /7(/
4 LA "-IC(/\ Crt |44 //VJ

(A 877105 + D1 aker Ao o0 rls

XY, 0‘;7 0"7 Cails- 2000

5 ) 4 )
prR=2¢7
DH ol a‘/s’wN,{’j widh  Oreon E/;l 9& ¢ s 2440 =
Cok—2/% /2/5 DWZ VA% /dfl;
10| Frsher prbe 43 -62V-2796 st o596
,In Q,L pl* {&&/Oé(")/) [1—{[.,’; 2 gs] AR [7 JARYY A/r\
>4 =7 A B L Zay v e i ({b e STl e
| 5 M NaCl, 95°C, Alloy 22/Ti Gr.7 (75 in-Ibs)
15 Coupled to Ti Gr.7 Plate
................... | I ] l [ | 12
] |
|
20 [ |
,,,,,,,,,,,,,,,,,,, f
|
— | Current density w
................... - OX1 OO If'-' — O i 8 o
s E &
E >
................... -~ y £
= : I o
7 | =
,,,,,,,,,,,,,,,,,,, q:, -
o 8 0.4 &
................... = 5
,,,,,,, .0 . 3
= -2x10° S
................... : A
"""""" © o4 Potential
ia
— oo F s
I - 2Xo M Cu/C(7 S c"(yb‘éfln —0
o 2X104 M CuCl addsd ]
] el
.................. -4x10° | | | |
-------- 0 20 40
o LSl
Continued To Page
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........................................... Galvanic Corrosion Test
- Objective: SEE PAGE #1 T
[Sa—— SPECIMENS: Specimens polished to 600 Grit finish then cleaned in acetone
-------------------------------------------- C-22 Base A“°1 HT“';J_‘W-}'BZ(‘,(. \...,‘“*\/\ Tetlon Creuice h/A,s\\uu t-374
---------------------- — Msaswomee o Ti 1 Pb\c_ Hr 2 Wb & ¥ o .
........................................... Torque Screwdriver: Ptlo*a 6I0Y 160 2. SN: 139012
e Cal: 4[/”/05-‘ Due: l"/ll (3 .
""""""""""""""""""""""" Initial Weight: 23-© 3223 Model: Sartorius Genius SN: 12809099
N Final Weight: 23 '0255‘?: 3,/ Cal:5/11/05 Due:11/11/05 T
. ~ SOLUTION: sm Al " S
............................................ S— 3 q ‘ q MAQ’,\ Lo + o s_lylo [——— 1
5 + T poc0omls
Reagents measured with Model: OHAUS SN: 2883 e
Cal:7/12/05 Due:1/12/06 |

............................................. ey .3 e 0 e

20

25

30

35

45

Final pH: / 4. Cal:7/25/05 Due:7/25/06

pH Probe: #13-620-296 SN: 4065196
TEST TEMPERATURE: C/‘)'oc, Thermometer: F,‘s)\cm SN: 51046103
Cal: 6/7 /bf Due: (./1/0 b
Thermocouple SN: o 3 g v | 7/’15 )on’ Due: I/){,/ol. ---------------------------------
Reference Electrode: Fisher SCE # 13-620-52 SN: 401 §03)
GAS: Zero Air
_Platinum-Hag-USEBFOR-OCP-MEASUREMENT-ONLY vl /g' / ‘ ]
~ - Ir o6
Counter Electrode -T' 6" 7 P&‘&/ 0
( CREVICE ) ( PLATE ) ]
Ecorr: -20%~0 Ecorr: - 463~ Model: Keithley 614 SN#:0704936
Ept—tatr-mo—Ept—F2rmo-  Cal:5/27/05 Due:5/26/06 R
X //g/‘{é 20 .||;.ll5 .................................
Potentiostat:Solartron 1480 SN#:00240053 Cal: 8/23/05 Due:2/23/6506¢ |
TEST IDMk-ﬁP:FFe MAZZFTFET:?& ................................
X \r( (o((o/os, ................................

DATA FILES: CJ }f ("PC/‘T‘W o, Ll S AL cof€. (02,102 ¥, (02 7~ L(q /O(j\ )> —
Nuwmber c*-fn Creine corredioy $ifes 2/2¢ (zu Mar ) Gl

Specimen Examination:

................................................ Tm ﬁ‘e% WA W@A . Ng o, A on R M
w """ ~ """"" « m / V\C’- Yl\""\\M}L’( ,{'04&7 j(*ﬁif-hﬂ W L / 6 4¢ @ M,{ / 8 //(/‘ m
N
................................................. A}\L&SWQ U"H/ O(A_{MFM Y Jﬂﬁéﬁrgﬂwk M[orysu;ﬁ‘t P(V‘ (“5
------------------------------------- Cals sp3LeS D o p3f e
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'5 M NaCl, 95°C, mill annealed Alloy 22/Teflon Coupled to TiGr7 Plate

T

1x10°

Current density, A/cm2

—
x
—
Q
=
Ll

Current density

I I I I T 1.2

I
|

Potential, Volts vs. SCE

W

,,,,,,,,,,,,,,,,, S

L1 11

Potential ‘

t »

2X10* M CuCl, added

l
|
—
X
—
=

T I I |

10 15 20
Time (days)

45

Sex ()U/P}? 2t /fm Gtz 5‘,6'\,&{?}7‘,,‘
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' Galvanic CorrosionTest |
Objective: SEERAGERT... - - - i i e e
SPECIMENS: Specimens polished to 600 Grit finish then cleaned in acetone ]

C-22> HT*31‘|7~3‘32‘!2 wnrEL] ‘\wo\bcn Se u\".e,,s ﬁmf\(,a\\f.o See %*7;;‘ Paﬁ*S‘zf

________________________________________ 22 Ht®22717-3-3206 Crevice Washess Ane Hanowene ¥ - 02y HY*2211-3-3266 ) qﬂ
I— Torque Screwdriver: Teve Ceatt 75 Ta-lbs SN: 940006 (Y R
o Cal: 7|aales Due: 7 [asfos
- Initial Weight: 23 - l‘-LOS'\a_ Model: Sartorius Genius SN: 12809099 ]
........................................ Final Weight: l‘} . 32400 lb—- Cal:5/11/05 Due:11/11/05
o SOLUTION: s m Mo " _—
- s ¥4.41, M.l tt*osisto
ST R0 2000 mls
.................................. Reagents measured with Model: OHAUS SN: 2883 ]
Ca|:7/12/05 Due:1/12,06 .....................................
20 - Initial pH: 1- 37 Model: Orion EA 940 SN:2330 T
""""""""""""""""""" Final pH: 4-6S Cal:7/25/05 Due:7/25/06 T
_________________________________________ pH Probe: #13-620-296 SN: 4065196
MMMMMMM -~ TEST TEMPERATURE: G5 °C Thermometer: Fichea SN: 51646103 -
25
......................................... Ca': (0 } 1 / L) )* DU e: Q ] /o
wwwwwwwwwww - Thermocouple SN: 333 Cal: 7 / 20 /0 b Due: | /26 56 —
___________ | Reference Electrode: Fisher SCE #13-620-52 SN: Gas'tey ]
i N CRSTZErERIF T B e s e o et
.......................................... Platinum Flag USED FOR OGP-MEASUREMENT ONEY—
Counter Electrode: ( 22 P(r“{z, Xl {/5[56
.......................................... ( CREVICE ) ( PLATE ) '
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Ecorr: =15S4Ymu Ecorr: = [71( ., Model: Keithley 614 SN#:0704936 ]
& T Ept—+ 314 mo—Ept—+2¥4mo— Cal:5/27/05 Due:5/26/06
I X-el (/5[0 ge ulss\os
__________________________________________ Potentiostat:Solartron 1480 SN#:00240053 Cal: 8/23/05 Due:2/23/85 06
TESTID: WA2LSAMAR MA 22
~~~~~~ — 150422 L 2) UalhE (IS 2500 U W ALC Cred
o DATA FILES: "&w ; 2P0 -Ual S WSADE N0 UnIChf wsd 22, wias3 oIl
ng; ?2‘(‘32’? / W}*\)% 22{02(, W8I (026, W5 02D, WS 1025
S Specimen Examidationt (21 , WSAc22 (s ¢ Wiken (07, Wsdo 2110 NS/J))(‘)) () '51/};6;;2;,//4
2 . \/US/-}ZZ( 22(‘((? W - e / / - - { preate Nack 16%y
L ke g}l AT s o fof (Mt NS)/’J 22022008, WHR2X ()2 (, W52y LU2YE |
............................................ Ny Connesion o/ 24 ‘Qe & s§ QILQ.NCQ WM\\W - No Connoven o~
45 ST C-z2 Caeuvice M\\’\c/»s o ﬁ\wrﬂwﬁlk ' M'\O Suv&q(‘e S*‘“: 5.0 ©~ i
M\ Q-2 N\Q&Qﬂ-‘ﬁ\ Ov\\ "&5/\* Ir\ QO\.O“—" d
____________________________________________ £ nde wAl Coolich Spech mes N Qoithn \Y“\" %
SIGNATURE \
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_—12b
5 S!') b
/7( "
/
........................... -
( : .
o LS M NaCl, 95°C, Welded plus solution annealed Alloy 22/Alloy 22 crevica
~~~~~~~ 75 in-Ibs torque, Coupled to Alloy 22 Plate )
- _______________________ |
iiiiiiiiiiiiiiiiiii 0
0x10 o Current density
........................... w
........................... —10.8 O
200 C\é } n
3] o
............................ >
. i -5x107 — i ) J}C ikl - @
i ' b K Gl =
: — -
B S A r” ""'""'"""‘I""‘W("""'"_ ©
ol bt Potential 0.4 .=
I g -1x1 0° 2
,,,,,,,,,,,,,,,,,,,,,,,,,, = | (o
B (& ]
ol ’15
"""""""""" -2x10° — -0
- Xl e
............................ (Al | 2X104 M CuCl, added . |
,,,,,,,,,,,,,,,,,,,,,,, : C»P&:};’L 21 M rw&ﬁn'{ )
B -2x10° , | , |
L 0 20 40
I Time (days)
40
[& l{
(25
Ve r
45
—_—
Continued To Page
SIGNATURE q , DATE
X lwa  Heo (f (>9(o €
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. Galvanic Corrosion Test

Objective: SEE PAGE #1

5
------------------------------- SPECIMENS: Specimens polished to 600 Grit finish then cleaned in acetone
- C-22 WT¥3397-3°9L Wy L e Aw&o See 9;53 MBTT
______________________________ Tetlon Ceevice Washes QA6 Hatooae -~ Ca2 M*a31y-3-320L P "&L(
---------------------- Torque Screwdriver: Fw\m bl oY 100 Za~0Z SN:-139 612 E——
0 Cal: 1.{/“/03- Due: /o/,,/o,- .............................................
'''''''''''''' Initial Weight: 23.2785%  Model: Sartorius Genius SN: 12809099 EE—
.............................. Final Weight: 2 53213% ; Cal:5/11/05 Due:11/11/05
............................... SOLUTION: 50 m Al
15 " SE4. 41, A Lo? ”05-/3'1 0 o
............................... + OF ™Tu 2000~
-------------------- Reagents measured with Model: OHAUS SN: 2883 ]
............................... Cal:7/12/05 Due:1/12/06
20|l Initial pH: -84 Model: Orion EA 940 SN:2330
. Final pH: Q.43 Cal:7/25/05 Due:7/25/06

pH Probe: #13-620-296 SN: 4065196

25

SER TEST TEMPERATURE:

SN: S /o403

Due: G/"l"’“
Due: | /3(- /06

‘iS'OC Thermometer: Fis\f\u\.

Cal: @/’/0-"

Thermocouple SN: Cal: Y /ac /os'

353

30

Reference Electrode: Fisher SCE # 13-620-52 SN: 251439

GAS: Zero Air

S Counter Electrode: ( 27 P (“2‘(»@

Platiﬂ'Uﬂﬁ-F%g'HS'EB‘F'OR'OCP‘ME*SHR-EME-NI.ONu
ol

( CREVICE ) (PLATE)
Ecorr: ~l‘3"f"~~§(€Ecorr: *2-1(0"“; Model: Keithley 614 SN#:0704936 |
o Ept—iaslmg, Epti ¥231my  Cali5/27/05 Due:5/26/06
X‘!L( //fS //C(: WN\‘”\‘;
.............................. Potentiostat:Solartron 1480 SN#:00240053 Cal: 8/23/05 Due:2/23/08 06
.............................. TEST lD: WAZ ZS(’\P TF E BA;‘Z&‘
o pataries:VARPTEEO 00, (212, to(E, 8, (021,102, ©2) ore
B (ol (o, (02 ¢o, 1103, 116t 718l (cho> O
Specimen Examination: Mg e o/‘,/‘1 S o
I UU%\"VL 2 M'\Q gu4-§40¢ Staiain M\,m@ 5 feet of Quevice o
wm\\m e s IR T S & . S,oec,.me« Aol ~|»,‘n+ ...............................................

S‘LA‘II\;«
C-22 p‘ﬁr\( S&ecim»\ Mo Co eaosion kus"'&;‘lniaina M 50[\}‘)01\

\)A‘)\sr\ T'\\\Qf\
*’ {\’U\e UV\\ eC'PO\'))\ Sf&cfﬂ\-&v anL Quw’H\b\_\\Ci&;'\y

ate

'SIGNATU. .
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5
€[] 00
A T
/ L
/
10 /

5

i M NacCl, 95°C, welded
__________________________ Coupled to Alloy 22 Plate

plus solution annealed Alloy 22/Teflon (100 in-o?)J

1 5 e —

;
:
w
) e

40

1x10™

L L LIl

1x10°

1x10°

I

negative small
current

|

| IIHHIJ 1 HHIII

1x107

LIl

|

L

1x10®

HHII!

|

|

Current density, A/cm?2

1x10°

Ll IIlIH}

HHI,

Current density

Potential

T enngy, | P | w-m

Another 2X10-4 M CuCly solution

—1.2
L
- O
a
2
08 o
)
>
5
04 3
o

-0

l
10

2X10M CuCl, added F.?g 2/, /ﬂuo notel
I I - ] I

20 30 40
Time (days)

ot )

MBM’T-M;‘

The coresd dansi® G0 balsws yxero b Afem® Mo sadicibion oA crnnce cor
45| jpitiokion even wit] Ao J
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POTENTIAL SCAN AND HOLD
Objective: See page 1.

W )
Alloy / Heat No.: C-22. WV*ax17-3'320( Q)Amm;\“ . /Tx‘l WPCRXTIS B Ceevice Wahes o

Hacouun et
Specimen Preparation: Specimen machined to dlmen5|ons specified in CNWRA Drawing

#20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen
cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50

in-oz.or 75 in Ibs.
SN: Jool 2069319

Torque Screwdriver: Spna, -On  Model# &Torque: S© Ta. 0w
1 Cal: g] q/w— Due: H/‘-Iloa‘

Initial Weight: 23 .%| oal} Model: Sartorius Genius SN: 12809099
Final Weight: 23.8061 80% Cal: S‘I u}as— Due: H)u}er
Solution: 4.0 m Anc|

L7 Sy faCl Lot? o5 i5I0
Test 0. + DT Gostea To 2000 mls

BAR T 024

Reagents measured with Model: OHAUS SN: 2883

Cal: 7/,_-,/03- Due: \) w[o(«
Initial pH: S-7& Model: Orion EA 940 SN: 2330
Final pH: - Y4 Cal: 7/23'/0 - Due: 7/15'/%

pH Probe: #13-620-296 SN: HobS156
Test Temperature: 95'0C- Measured with Hg Thermometer SN: Hoo 381

Cal: ‘Llﬂ bs Due: l/ll)ob

Counter Electrode: Platinum Flag

Reference Electrode: Fisher 13-620-562 SN: 61855 06%

45.959 % N Q,\ E ﬂf_‘pnssluqfl'}o'\

Model: \L¢,+k\=1 lY SN: ©76493k
5}:.7/05- Due: 5“/5\.&705

Gas: 210 Ain  the~
Ecorr —-b ‘?Ml/,scg

Qg mlse Cal:

Potentiostat: |Q,A.,m,, (%7 N \ /:x.s‘s/N Doy §560 /zr' /,,
gm. 7061“'4 BAD TN 2, pp e e
2707 5p s -
DATA FILE: R 2 25PsH
Number of Crevice Corrosion Sites: 8/24 (24 max.)
Mo Qervice  Connosipn o~ €22 Base Aoy Speci men -

N7 Cuevice Watnmens  Ane \\.qmwne{ s Ceanesiom

8°\° Ml\'\\‘/ g‘j\'-a"l\‘in © ~ S'Oe o me AI\Q 7 Cebuo‘l‘-& WAS&\MS
A'\D GO*‘ LYy, &

¥ Nc\e'- Sqaer—'c’h% Q'efo\us\h‘«‘; SNy &wu\‘\'\v\ \‘C\A.’»}/
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA BA22Ti702d
0.15 Eaverage =-55.6 mVSCE
Standard deviation = 57.8 mVgce
-8 005- End potential = -7.36 mVgce
7]
g
-3 -0.05 4
8
................................................... § 015 |
°
o
................................................... 0.95 -
_________________________________________________ 0 20000 40000 60000 80000 100000
Time (seconds)
2E-005
Potential
N — 0.4
«— 1.5E-005 — -
£
L
g _
£ -0 8
< >
2 1E-005 — | s
g 5
° Current density )
= — 04 &
g
3  5E-006 — _
BA22Ti702d
0.6 — -0.8
0.5 Forward 0 v
0.4 - scan ] | [ '
' Reverse 0 20000 40000 60000 80000
0.3 - scan Time (seconds)
0.2 - Base Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 bolt and nut
Anode to cathode area ratio: ~1/3; Torque: 50 in-0z;
0.1 - N, deaerated, 95 °C, 4 M NaCl solution
Forward scan rate: 0.1 mV/s, Potential hold: 550 mVSCE for 8 hours
01 .Reverse scan rate: 0.0167 mV/s
0.1 - Using entire assembly area for current density calculation:
’ i <10° A/em? at 550 mVg; i < 2*108 A/lcm? at 421 mVgge;
0.2 1 i<10%A/cm? at 411 mVg
Using crevice specimen area for current density calculation:
-0.3 . - ' i <10% A/cm? at 424 mVg; | < 2*10% A/cm? at 387 mVSCE,
-11 -9 -7 -5 -3 i< 10%A/cm? at 359 mV,
2
IoQ(I(Amps’ cm )) o Continued To Page
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ro(y (8§
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________________ POTENTIAL SCAN AND HOLD . ¢ W, A22$ ATi701d
_— ] L 0
jective: See page 1. —
Ohiective i Nr# 3292 LWNER w /‘r‘ 7 wetenamrs B c wohoa \ Eaverage = -124 mVgce
5 Alloy / Heat No. : C-2). WY ™ 227713~ , Ny aevice Wag : iation =
I Wors  Eldbion Rane jw Soe 088729 P‘,fsg o Ao Mamoaradt. , 5 0.05 1 Standard deviation = 18 mVgce
................ Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing e . End potential = -105 mVgge
#20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen 8
- cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50 o -0.1 -
"""""""" in-oz.or 75 in Ibs. ; )
10| Torque Screwdriver: Tey - Castt Model# &Torque: 78~ Tn- lbs SN: (94Yv00694) ' 10 el
................ cal: 5 /3-3. /b - Due: 1 / aiot = -0.15 -
: : . o
— " e ! it T et
_______________ Initial Weight: 3. 47761 Model: Sarforius Genius SN: 12809099 s
| Final Weight: 13-‘4133(03 Cal: 5'/“ oy Due: 1 [ujoy f -0.2 -
{
3
................ Solution: L1 . 0 m Mc| ?
L - 4L 52 Ml ¥ S E L] S -0.25 . : . ‘
_________________ ! LT osi s‘,\o ! ,, 0 50000 100000 150000 200000 250000
- ’(‘ @ TD. WA 22%‘(’(7(’{4 + OF WAM, To  abod mls e Time (seconds)
e Reagents measured with Model: OHAUS SN: 288 S
2 Cal: Jnjos Due: 1| n/bc, 20
----------------- Initial pH: & L8 Model: Orion EA 940 SN: 2330
""" FinalpH: .56 cal: 1 / asjos” Due: ?7/as/ok — |  AE00s WA22SATi701d
pH Probe: #1 3-620-296 SN: ‘,/ o “ S" 7(‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, y [
25 m— : , 25 0.4
| Test Temperature: 9s % Measured with Hg Thermometer SN: CAL-37% " . 3E005
[ cal: 1/“[05- Due: l/n/ug 5
I e A Y L S
i ) = Q
' - Counter Electrode: Platinum Flag 4 — WA22SATi701d H 0 >‘m"”
30| Reference Electrode: Fisher 13-620-52 SN: d3ve0d2y e 0.6 ‘5 2E-005 s
I PR o S
0 ~ : 5 Reverse 2 3
. GA8: 2en0 Ma Hhew 99885 14 N, L E 7 &P,,,}U,J,‘M 0.5 scan / S 04 O
g -——  Ecorr: =1¥4mu. Model: W.. \'\\\11 biy SN: o¥s§ily  — 0.4 4 3 1E-005
. Ept: 3719 mu, Cal: Due: 3/MJoa ]
! pt: mu% . q[lq }DI" bé 0 Forward | Current density
§ 35 Potentiostat: So\a{u\ua. {¢¢0 ' \ SN: ©023¥ 265 S 3 soan |08
! .................. Onlt 6 i - 0 ) 2 5 } 0 —
- n 250 T YN vesacife ; 4 0.2 -
——  DATAFILE: Wzngm TH- 4 ’002‘7/ WA2254T Uzs Ualels . wa RYTISUUACL) l >8 0 o
' WA2ZZATCISH=- UnCAT, win22SATI?5D -4 Ch7 - % i 20000 40000 60000 80000
- -Unl : - i :
Number of Crevice Corrosion Sites: / 0 /24 (24 max.) } ui 0.1 Time (seconds)
T - ‘ . ) Welded+Solution Annealed Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 bolt and nut
L 40 N Cee um. mws"’" . /4 %"’* v Coevlee Washens on ¢-22 E— ! 0 - Anode to cathode area ratio: ~1/3; Torque: 75 in-lbs; ,
‘ I S Ny Coanosion o~ T ] Cnc,uic_g_ an\n.eag, (Y8 pmao wanre " N, deaerated, 95 °C, 4 M NaCl! solution
’ Seelace  Slminie éo\n $on * . -0.1 - Forward scan rate: 0.1 mV/s, Potential hold: 550 MV for 8 hours
N— a_ R Reverse scan rate: 0.0167 mV/s
oo T ] -0.2 1 - Using entire assembly area for current density calculation:
M~ I <10 A/cm? at 550 mVg.; i < 2*10 A/cm? at 424 MVgees
AAAAAAAAAAAAAAAAAAA R -0.3 . , , 1< 10 Alcm? at 402 MV, :
a5 . ; 10 8 Using crevice specimen area for current density calculation:
| I ) - - -6 -4 I'< 10 A/om? at 430 MV i < 210 A/cm? at 382 MV
................................................... i <10% A/cm2 at 381 mV
‘ , log(l(Amps/cm?® '< sce
P ¥ Uo\e . Speu M Q{fo\].j\\oa &UL &MX‘\\“\ wes\i Ny ] al( ps/cm )
ey Continued To Page Continued To Page
SIGNATURE DATE J/ SIGNATURE i DATE
— , '
Ao (o 5fo5 J X 1%/51/8
g DISCLOSED TO AND UNDERSTOOD BY 7ATE [ i ] DISCLOSED TO AND UNDERSTOOD BY DATE ! 4
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POTENTIAL SCAN ANDHOLD
Objective: See page 1. 0 WA22SATi704c
T 1
Alloy / Heat No. : (-22 Wi* 3293.3' 3242 wn¥i3 w}7- T Mt Semsts Uiy Caevice olhese i E.verage = -76.3 MVgce
s ! 1Y Caewce Cot\sse i ) | Faverag
) _ welos So\Kea Baneaten See N6 ¥ 124 4 Y5 /iy Clowce G e 5 0927 gtandard deviation = 22 mVgce
S Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing -0.04 1 End potential =-48.9 mV.
#20.060(_)2.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen 777 w nap - ) SCE
cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50 S— 3 0081
in-oz.or 75 in Ibs. J
................................................ ® -0.08 1
- Torque Screwdriver: Teue - Caald Model# &Torque: 75 Ta-lbg SN: 694000694/  — > 0.1
AAAAAAAAAAAAAAAAAAAA Cal: - “]/;2, o5 Due: 7/;, )O 6 10 % -0.12 -
A In.itial We:ight: 3 ::;l l:l‘;} Model: Sartorius Genius SN: 128090T9 — g -0.14 -
Final Weight: 2.3 é’ Cal: s-'/“ oF Due: Ijulos = | 0.16 4
Solution: g0 m™m Negf -0.18 -
. 467 53, Nutl ot Hos!Isi0 ‘ 15 02 , , :
y : 0 50000 100000 150000 200000
- . >y (760 C +ox wc;w\. Ty 2000 ,Js """""""""""""
B le ?1_ 0. wa2 sA T ] Time (seconds)
Reagents measured with Model: OHAUS SN:2883 ,
— Cal: 7/::/05’ Due: 1 n/o‘ o 20
Initial pH: <.y 3 Model: Orion EA 940 SN:2330 , ] !
s Final pH: 5. 3“1 cal: 7 u'/‘;”' Due: 1 }:a‘/oc e
PH Probe: #13-620-296 CHebSIGL e WA22SATi704¢
SN: 406514, 8E-006
25 Test T . ) 25 - ]
est Temperature: Measured with Hg Thermometer SN: /I3 ¥s¢ "
S Cal: ;1/ 5 . / e 6E-006 —
'f) ‘ Due: ‘_//'ﬂ' o6 g Current density ]
Counter Electrode: Platinum Flag : 3 :
S i WA22SATi704c S 4E006 — —0 u
Reference Electrode: Fisher 13-620-52 : > 3
0 SN: Yoapg 37 1 0.6 S Z
— Gas: Zeao finn  Yhe~ 99999 D/o NL fon E ecFass; va\‘:on. T ‘ 0.5 Reverse / g S
S B 2E-006 — °
. a < scan - — .04
:co."- 153 e Model: k¢; 'Hr\.\ev biy SN: bssy 36¥ o i 4 g’
P+ 34y, Cal: q/i4 }05- Due: 2} 14oe 0.4 1 Forward 3 . N
: . scan
- Potentiostat: So\qn\au,_ J4%0 SN: © ©23y2bs 0.3 - » ™ s
B DATA FILE: W[\225AT{7L&|‘(-—(A«A(%8, ea) l,/l o5  Oueitafifoy s :
. - A 7] .
- _ WA2S4 TILN2 - (,(2( ay, A Zzglé"ﬁ 7LSU- Un (Ch & WARSATIS | >8 0.2 -2E-006 L e M
. ¢ {
Number of Crevice Corrosion Sites: ol stq (e ?L.§ 9/24 (24 max.) . - w 0.1 - 0 20000 40000 60000 80000
) ' Time (seconds)
L)
_— Mo Careurce Connpsie~ 724 *Fcu\- e-R— Creutee was \~UM o~ C-21 ] | 0 - Welded+Solution Annealed Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 bolt and nut
40 . . Anode to cathode area ratio: ~1/18; Torque: 75 in-lbs;
Mo Connsgg. ‘uj\ Tl Qaegice on Manowase e 0.1 - } N, deaerated, 95 °C, 4 M NaC! solution
— &ao\a Y staining o~ AL Suaaces oF o212 e ' Forward scan rate: 0.1 mV/s, Potential hold: 550 mVg for 8 hours
ool VAl shaiala on Syehace o T 7 Ane  Haro wal? ] 0.2 | Reverse scan rate: 0.0167 mV/s
: Using entire assembly area for current density calculation:
— i < 10 A/lom? at 550 MV | < 2*10°8 A/cm? at 448 mVgce;
-0.3 . ' i < 106 A/cm? at 436 MV B
45| \ \’\\ —_ \ — -1 -9 -7 -5 Using crevice specimen area for current density calculation:
Nake'  Specim \"“o Lo e NesNy, ] <10 Alom? at 483 mVqy; | < 210° Alom? at 429 MV sce;
* ohe pecime— P—¢€° " Lon + ;' log(I(Amps/cm?)) i < 10 Alem? at 427 mVg,,
. f Continued To Page Continued To Page
SIGNATURE DATE SIGNATURE DATE
A @% lo/2576 5~ Jeo ()(9_@ /O/%/ﬁ(
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Cnntinuard Frnm Pana

POTENTIAL SCAN AND HOLD

Objective: See page 1.
J p wf o2z MT*2a771-3-320k s

........ ) _ . NE )
N Alloy ! Heat N\Ao/c\ob.co-z%o “:J\-‘:«.::;Rlﬁf Z:’)L b: l\)ﬂa 74 &‘d\s 4 Cavice \/:JAS\'\Q.(I& Are YNqaauate,
Specimen Preparation: Specimen machined to dimensions specified iq CNWRA Drawing ‘
#20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen
B cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50
"""" in-oz.or 75 in |b{S. ‘ XY
™ . -~ .75 Ta- lbs SN: La4ooo
Torque Screwdriver: . QQA-\. Model# &Torque:
"""" 4 lave Cak: 7] 2z oy Due: 7/11/05
~ Initial Weight: 2;»{‘—‘ (1*(0 ? Model: Sartorius Genius SN: 12809099
k R - R —
- Final Weight: ~3. 4 GISY Cal: . 5)11 oy Due i py
Solution: Lo M ’Uhcl ........................................
B ‘5(07.523_ Ml Lot *os1510
AAAAAAAAA + DT 4o 2000 ml(
......... Test D, w2258 8420¢d
i : SN: 2883
- Reagents measured with Model: OHAUS /
- 9 cal: 7/12/os~ Due: l}IB 0b
Initial pH:  5°5° Model: Orion EA 940 SN: 2330
B Final pH: S-0 Cal: ‘7/25-/0; Due: 7/2s~ o6
""""" pH Probe: #13-620-296 SN: ypoLs!9L
.......... Test Temperature: qyac Measured with Hg Thermometer SN: "‘\ o0 ~ 23 &7
B cal: */uje s pue: '/1ifou
— Counter Electrode: Platinum Flag ]
~~~~~~~~ Reference Electrode: Fisher 13-620-52 sN: © 1993563
Gas: 2ens Ain YL  §5.499 % %3 $on E Fepasy vate
T Ecorr: —7452) na (/SC'G Model: Wi ¥\¢\\e | (A SN: 0443
""""""" Ept: (“é ”'U;UC Cal: S"J;;, o5 Due: g-*/ ab / o6
T i ” : SO0
Potentiostat: Sp) ~ \2 SN: Dol4y ]
........... ° qn.\rm ¥ cols 3‘} M‘/oa* ouet H}z& 03
 patarie: WA2254c2 L RIR | WASACL O N2 wasp casU,
~~~~~~~~~~~ wapshcrH, WR2SACISD
Number of Crevice Corrosion Sites: 0/24 (24 max.)

____________ o
- Ne Cresnce Ceanosiom /2“( K. e,AV o* Crevice Woghen —
Mo Cearosio~n ©e C-20 Creuvice Luas\ncas e Nu*/ﬁoH’

P(\\ SUSAQ.GS GX Speg(‘h\w AI\Q C-2¢ k\tQa‘ob\/ﬁnL H“f%
R gb\b \‘"\ SUA;qee staiai
e S—
A \ ' _ ]
~~~~~~~~~~~~ F e Spedme Beplishen Ton S \eg\m/
o Continued To Page
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WA22SABA2204dEcorr
-0.01
Eaverage =-125 mVSCE
Standard deviation = 11 mVgcg
-0.06 - » .
5 . End potential = -115 mVgeg
o ..........................................................................
7]
o -0.11 -
>
>
I
10 £ -0.16 -
2
o -
o
-0.21
15 -0.26 . . . : . —
0 50000 100000 150000 200000 250000 300000 @ ]
Time (seconds)
20 3E-005
Potential
| — 0.4
_ 1 |
5 2E-005 — Current density
25 8_ — 0 I
IS Q
0.6 : < y >
hold potential g | g
€ 1E-005 — 2
0.5 4 Forward / = — 04 & |
scan £ !
_ 3 7 ‘
0.4 1 Reverse
-
scan 0 — -0.8
0.3 1
i | f | T I T
0.2 - 0 20000 40000 60000 80000
Time {seconds)
0.1 - Welded + solution annealed Alloy 22 (Anode)
with Base Alloy 22 (Cathode) crevice
Base Alloy 22 bolt and nut
0 1 Anode to cathode area ratio: ~1/3; Torque: 75 in-lbs;
y N, deaerated, 95 °C, 4 M NaCl solution !
Forward scan rate: 0.1 mV/s; Potential hold: 550 mVg. for 8 hours;
-0.1 Reverse scan rate: 0.0167 mV/s
Using entire assembly area as surface area for current density,
i < 10% Alcm? at 444 mVgg,; i < 2410 A/om? at 395 MV,
-0.2 1 1 u ' i <106 Alem? at 376 mVg, :
-12 -10 -8 -6 -4 -2 Using crevice specimen area as surface area for current density,
2 i < 10 A/om? at 398 mVg; i < 2*10° A/cm? at 339 MV,
log (I(Amps/em®)) i < 10 Alom? at 265 mV..,
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T POTENTIAL SCANANDHOLD = WA22SABA2202dEcorr
.............. Objective: See page 1. / .
5 ) “ . iy 4 ypel : 0412 - _
L Alloy/Heat No.: €= W 233296 Wwwgd L3 MY #an7-3-3206 | E =-203 mV
i wielowo * S,\u‘\d om Raneales Sce A P724 Pa—ﬂft' Cacuite babhbeoe with \'\mnwuew 5 Saverage : o SCE
Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing aures reie ] 014 4 . tandard deviation = 4 mVSCE
—  #20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen (/g w End potential = -197 mVg¢g
»»»»»»»»»»»»»» cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50 8 -0.16 -
- in-oz.or 75 in Ibs. e
e ; >
0l Torque Screwdriver: SW4p - OV Model# &Torque:  $© T~ 02 SN: 1001 2LB0319 10 > -0.18
L Cal: S'}‘f oS Due: ll/‘//os | _"g.
: s € -02] ~
Initial Weight: 2.3 466109 N Model: Sartorius Genius SN: 12809099 | 8 w
— ~ ; 5]
I Final Weight: 23 4, S'QL)_ Cal: S')H)L')\ Due: ftfn 0‘3 R o -0.22 -
15 o Solution: L‘I 0 M N“c] . i ) |
. " 15 0.24
‘m-Sl} Nuc) L Tosisio B
N + 01 'T° 2006 m\s ............................................................................................................ _026 I I I
______________ (e * ID. WA2LSABAR 03 2 OQ o 0 50000 100000 - 150000 200000
sl Reagents measured with ¥ Y1 %odel: OHAUS SN: 2883 — | Time (seconds)
— Cal: 7/;z/o>~ Due: ! }lz}o A R 20 o
_______________ _ ‘ 2E-005
i Initial pH: (571 Model: Orion EA 940 SN: 2330 |
.............. FinalpH: 5- 49 Cal: \'/?5‘/‘)5‘ Due: 7/25“ 0t (Fotential — 0.4
o pH Probe: #1 3-620-296 SN: [_,L o6 <i q 6 ................................. 06 RoTd potent|a| i
5| R | T 7
v 0.5 Reverse %
£ [~ Test Temperature: ?5— ¢ Measured with Hg Thermometer SN: |l 5¢s% scan - J— —o >§
[ Cal: L][;;,/o)— Due: ‘/} 0 . Y 0.4 1 7 E Current density =
- Counter Electrode: Platinum Flag ‘ — ] 03 Forward § §
30| Reference Electrode: Fisher 13-620-52 SN: Y4ov 25037 \ scan £ —-04 T
A ok W 0.2 3 J i
1:] T Gas Zenw Al thee 94-9197% Ny len B Repessivshio~ o | & o |
Ecorr: ~ 307.5 mUscg Model: ¥t: M\\e‘/ by SN: 655336Y B g 0.1 | o8
B EPt: MUS% cal: q }1‘1[01‘“ Due: 3//06 >
3B Potentiostat: SQ\M\,‘M ‘Y50 \ SN: ®o23¥2b5 e w 0] | | | | | | |
e - Calt bfifoy  Ovelitp )05’ """""""""""""""""" 0 20000 40000 60000 80000
| DATA FILE: AIMAGIS0 tha(Ch 2, WARSACD WL, WAlL54 g V2 | B o1 Time (seconds)
I WAL 42 SUhnlChy, Wk 22 .sz)cwsl'l, u;lzz c:zm o |
v Number of Crevice Corrosion Sites: © /24 (2 m‘g‘%’ . VAR ensD -0.2 5 Welded + solution annealed Alloy 22 (Anode)
— with Base Alloy 22 (Cathode) crevice
40 © . — ‘ 0.3 Base Alloy 22 bolt and nut
‘ No Connost o~ /24 \Q“;( e C22 Sfe“"""\ - ' Anode to cathode area ratio: ~1/10; Torque: 50 in-0z;
S N s;b,\ o Ganssio~ on C22 Qeedice b»v\ooc_ on (22 NJ\'/ 50H’ 1 0.4 N, deaerated, 95 °C, 4 M NaCl solution
O - . e ' ' ' Forward scan rate: 0.1 mV/s; Potential hold: 550 mVgc for 8 hours;
;: - BO*&\ S"&(‘"“"‘"\- A’"‘ “\AMWL ND %Q\O \*: JC\‘ S u.q_,& see. T ] -10 -8 -6 -4 -2 Reverse scan rate: 0.0167 mV/s 4 ]
; . ST 2 Using entire assembly area as surface area for current density,
= Stetnin log (I(Amps/cm®)) i < 10 Alom? at 462 MV i < 2*10° Alom? at 430 MVce;
— 45 i <10 Alem? at 413 MV,
Using crevice specimen area as surface area for current density,
- % Nk Specian Repdihs S Soabhe TN, : i < 10 Alom? at 410 MVeg; i < 2110 Alcm? at 341 MVsce;
, 4 N i < 10 A/lem? at 297 mV g
‘ L wUHILHTIUCU (U l‘ayc
: SIGNATURE SaTE SR —
- \>) 1524 Lo AT 0 [>o!
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Continued From P: Galvanic Corrosion Test
Objective: SEE Pf\GE #1
SPECIMENS: Specimens polished to 600 Grit finish then cleaned in acetone
5 .
C-22.  Base A\\‘ .2:.'17 3- 32066 T T HT* cvgrs “9‘\(.
\v’ C276 MY 60 "' Q*’»/“\A;"E\ c g‘ﬂcwcowﬁs\eu
Torque Screwdriver: ca;ﬂ:" e SN: (94 6006/
Tave .
e 2, Car 7};;./05— Due: 1/aise
10 Initial Weight: 5 3_98939 Model: Sartorius Genius SN: 12809099
Final Weight: ;3. 76“52; Cal:5/11/05 Due:11/11/05
SOLUTION: 5.0 m fuc|
- — §89.42, Awcl Lot Posisio
= (est 1D. Ma22Cer (0 {a + O (usken Yo 2000mls
Reagents measured with Model: OHAUS SN: 2883
Cal:7/12/05 Due:1/12/06
Initial pH: s.70 Model: Orion EA 940 SN:2330
20
Final pH: "Hv?r b -as1 Cal:7/25/05 Due:7/25/06
' )////j’ pH Probe: #13-620-296 SN: 4065196
TEST TEMPERATURE:  95°c  Thermometer: Fihen SN: H-00-367
25
........................................................... Cal: 7/“105' Due: l/“[og
Thermocouple SN: st Gse Cal: Due:
% Reference Electrode: Fisher SCE #13-620-52 SN: 465031
----------------------------------- GAS: Zero Air
I Platinum Flag-USEDFOR OCP MEASUREMENT ONEY-
.......................................................... Counter Electrode: _(_;‘7 / C.,,{Q Xt (I , /\S/c., ()
¥ e ( CREVICE ) ( PLATE ) ‘
5
---------------------------------------------------- Ecorr: -/54~s _Ecorr: +53"‘",cg Model: Keithley 614 SN#:0704936
R ——  Epp— — Ept— Cal:5/27/05 Due:5/26/06
Xl 132 fr gho [stes
Potentiostat:Solartron 1480 SN#:00240053 Cal: 8/23/05 Due:2/23/05 @6
oL FESTHD-

L RTOMACY o Ceri T, AT, (R e TN, 032 e TP
_________________________________________________________ DATAFILES: (e, 7u (b, c22CevT U117, c22CarTe?(122, C22Cer W70 >§/
AAAAAAAAAAAAAAAAAAAAAAA § 22CeqTC 7“2% CZZCMT‘ NS, €32 Cer T, () o, (R(er W)/ 07, (2> Cec Te?(2(0,

Specimen Examination: a4 cacer 13, c;_z_ce( TNLe
4 Qrevier Cotnosion .- lq/:l'—l 5& Ceeuice b\/“ﬁ\‘l/\ L u’\‘ - (27 5P¢(_,,.\¢,\_

Mas  stainic gn A\ Sises 65 S‘m_m.‘, - 7 fl-/h, Has Polf

A S‘\A(A( NO QQMOS‘U-\
T

ﬁ_ ‘%;L— |/ (/Qf
DISCLOSED TO AND UNDERSTOOD BY DATE
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/V(M.,[oer 0{ /}rrrn.bvt 976% 2E o4 (34 rak )
: I/meMm dbpzap ‘ T phr s o gnen (12 1S, 4o, o, EC 1,38 2o
Py 2/ 2. — /. / ~
Co S To o, 45,72, 5,42, L1, 70,50, 75 @
S um
1o Wieagored voidlc Oligmypen Mezenﬁ»r;ﬂcd /vuavwr MPEX, Calls 2/03/58 Due - NE
mE Test ID: MA22CerTi7a ]
r 5 M NaCl, 95°C, Alloy 22/Ceramic (75 in-bs)|
........................................... Coupled to Ti Gr.7 Plate
- l ]
........................................... - I : | I | T T 1 2
. . X107 - ]
o E ’
___________________________________________ 2 . S
- -6 -~
——F ™0° Curentoensty  08F
(7)) 3 'E
L - e @
........................................... - . o
---------- e 1x107 3 - e
& o
........................................... g . | p
e 8 i : g- RS
© @ 1x10° - Yae . N
........................................... -3. . ©
o | g i | g
___________________________________________ o o > .
£ o 1x107 = Potential s
3 = s &
........................................... =
[ 2 | — O -
B\ -10 e
__________________________ G X105
E A e
. — | 2X10‘MCuCI2added 6%&2 %l/% g l ‘) ..........................................................
.................. 1 X1 0'11 | f : | : ] g
- 0 20 40 -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Time, Days
45 k
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Continued Frrm Dana

Objective: SEE PAGE #1

Galvanic Corrosion Test

SPECIMENS: Specimens polished to 600 Grit finish then cleaned in acetone

36 &
AT# PO

Torque Screwdriver:

Initial Weight: 2. 3'1%’753
Final Weight: !. |1 2063

SOLUTION:

Reagents measured with

Initial pH: (.23

Final pH: S .7¢

0
TEST TEMPERATURE: gs C
Thermocouple SN: 33|

Reference Electrode: Fisher SCE
GAS: Zero Air

¢ 22 Plade
WY B 5299-3-32466

Trove Candd 75 Ta-Ibs
Cal: ‘1/;3//03-

Model: Sartorius Genius

C-22 Caeuice washkas
AT *22797-3-3206

SN: (94000 69/
Due: 7/a1/0k

SN: 12809099

Cal:5/11/05 Due:11/11/05

g0 m MN-cl

Sgd- 4l UCl Lo 2 o550

+ o M‘\e—‘. Yo 2,000mls
Model: OHAUS SN: 2883
Cal:7/12/05 Due:1/12/06
Model: Orion EA 940 SN:2330
Cal:7/25/05 Due:7/25/06
pH Probe: #13-620-296 SN: 4065196

?;.S\'\ e

Thermometer:

Cal: G}‘]Loj
Cal: 41 [3/ey

# 13-620-52

Platinum-FagUSED FOR OCP-MEASUREMENTONEY-—

Counter Electrode: ¢ 2% PLa?{/Q

( CREVICE ) ( PLATE )
Ecorr: -3/5~v Ecorr: -229~v

Ept— Ept—
X-rl 13/50/5¢

Potentiostat:Solartron 1480
TEST ID: 3(655(22C22

3(655PRI0E , 3L6SSPRUGRT 31k Ssppue1 G, 3L6ss R 16IL, 3655 (UoT, Yésspri(o
DATA FILES: 31l s5pry (3¢, 36655 PRut(31, 3(€sspRULGL 365K (6 [ .
FUESSRUD , Hpssexu 25, 3SR (1LY 31655 o, 34Ss 2oL,

Specimen Examination: Coevieq

X cf

X ;}f',’ ///54/6(‘,1
Model: Keithley 614
Cal:5/27/05

2232€8

SN: S:'OL*HOS

Due: ’/7/06

Due: 5'} g/e(.

SN: 0199 SR

SN#:0704936
Due:5/26/06

W.c‘yk‘

SN#:00246053- Cal: 8/23/05 Due:2/23/05 o¢

Xl (/5/o6

Coenosiomr ¢n °%2y Lok o

JsspRui] L, Assraage
HOPRAY), BESSPRI2T, HESRDO | (212
C-22 C(eeuce umshees

316 JFCL;'N,\ Hao @ull ‘]-."\'}‘ w)\u\ M Color\. “im’m'& O Sur(,*‘:aog A:Jlse-f'{’i,)ﬁf 4’50

C-2L Ceevice Washeas Hao same 5+¢im'a_ Gu} Mo Conaosion- C-22 P/"}‘*L Hao
M/’o SU{:QQC(, S\lﬁ“fu‘nj Nb Co anoshon.
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'ﬁj}ﬁ/( : i 7@)\»@ < . Q e cgjz{,% v
Nunber (/f LT3y 5‘”4% . :e_z_(/;gc (Max.)
5 | Penddrtion odepfl . Zpme, 33 20 70 22 2€ &0, 16, ¢ o O -
We) Al_ﬂ.v 1 L.k /:\/ /: / g g 4 ’ ’ v ré VU/
e, 2% @, 12 ¥ 55, 15,50, 3(, 57 mr
Measured  cafle chmfws M&@M&;(M micrscap® PG 2
10| Galt (230§ Vue . 6/t3/6
Moot Covmbn s owond Al w;{,eﬂ e creniced —owes,
Test ID: 316SSC22C22 L
15
] 5 M NaCl, 95°C, 316 Stainless Steel/Alloy 22 (75 in-Ibs)
~, Coupled to Alloy 22 Plate @~ | T
.......................... , ] | ' | | -0.2
. w ...........................
____________________________ i 5 |
| £ 1x10 L |
T (&)
............................. 2 —-0.24 & —
5 .é; Current density .:_g ___________ ......... M—
_____________ n | .
S ] o
.............................. 3 & -
= --0.28 &
................................ m B m
30 - g
....................... = . s
................................ (8] g
- e 1x10° - . —
................................. = i — - > S
e -y i ] c
35 o B i E—
.................................. O | o
Y 1 : | S
‘= e Potential R
= EAmaN
___________________________________ 2 7 —-0.36
P (1]
w0 N : .
[ 1x107 — . , l l -0.4 e
— 0 20 40
iR Time, Days
Continued To Page
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POTENTIAL SCAN AND HOLD

Objective: See page 1.

; Wi , \
A"oy I Heat No. : C-22 HT*QQﬁ-,-}‘?;?«‘l(o Bage A“M’ /T' 7 HT‘LCN,I'F[)— C’ltwu uJﬂbLQts /3 ”J}'/ﬁ.”'

Specimen Preparation: Specimen machined to dimensions specified in CNWRA Drawing
#20.06002.01.322.002. Specimen surfaces polished to 600 Grit finish using SiC paper. Specimen ]
cleaned in acetone then crevice forming washers attached to specimen using hardware. Torque to 50

10(

15|

25|

35|

in-oz.or 75 in Ibs.

Torque Screwdriver: Teve Castr

Model# & Torque: 7§ F~- lbs

Initial Weight: 5 3. ss¢gyy 5 Model: Sartorius Genius
Final Weight:  22.70 32(,} Cal: s‘/n/& \
Solution:

doom Myt - bN,0

Ted 10 a2 73d

Reagents measured with

Initial pH: 3.24

Final pH: S.42-

Test Temperature:

W oy 61y

SN: (a4oed g/
Due: 7/aiog -

SN: 12809099
Due: U 1Hjes™

162 ¥, ('\3C\1-b*\10 ,,,,,,,,,,,,,,,,,,,
* Or Yo zoc0~V

Model: OHAUS SN: 2883

Cal: 1)iz[es Due: ;/,2/0‘,

Model: Orion EA 940 SN: 2330

Cal: as]es

pH Probe: #13-620-296
g5°cC Measured with Hg Thermometer
Cal: 9/ ]es

Counter Electrode: Platinum Flag

Reference Electrode: Fisher 13-620-52

Gas: 2eyp hin  Hhen

Ecorr: ~263~y
Ept: 9606 ~v

Potentiostat: §,\o.3e.n

7‘)-977?0 M&
Model: \wn'\\h/ 6’9
Cal: qli"ior

1287

s O ,.47A A - ,“7 L > . . ’ CQ\'. S)}Y/QY
DATA FILE: CUunIOCALR, cL2 ]y ﬁ(.Nbc()Nu»( 27 [ 7’“‘35125& (2270 4

Due: 7/25‘/05
SN: 465149,

SN: /1539
Due: ‘//31 ol

SN: Y0ag037

SN: © 555308
Due: 3/17 o¢

SN: o 14¥ suo
Due! H/?r/of
g ((250b_ 27 s

”

Wore dede (s cn’mw‘\;cmw‘.,

C22 T IMg(lh S U, Cra ] Mg LSHD czzﬂ?ﬂ’gc(;suu : (‘22'7‘?7'\/13(&%%, 53, Z«'?Mg(uwé,
Number of Crevice Corrosion Sites: 2\ /24 (24 max.)

Cacuvice Cannoyie~ =~ Zl/ﬁ‘f ‘?eo‘\‘ dg' Cacuiee u,,-qs\u«- Dbtf’ Ce 210 500n ‘OG’HW
A“ S;OC.S Hb,v( SUG&AQ( S"‘A-:I\:IB_ ~ SQML f:H;v\a' o~ Qu*t,/\_ SUUQC&S
Qeeujce Ums ’\mﬁ MA'/ 60””

Specmen
Awm' Ly Creuiee Uw;a\\tm.\- o |
Vo Corncsion m-o Sngeg s‘&;\;m'ﬂ
Q2T M lla SUS . (22 T Mgt SHe, (LT TMlastig ]

{

c22 T {u\%t('; SU {,\ - C 227271\'\63 C(’), SHI} ) &) 7‘;7(\,"2]CL2>(’( \ , ?:LTKJ} M3 ‘L‘ISH '\ .......................

%;@)}— \[I\O/OS‘

TR (e SHA

¥ L
PROP’RIETARY INFORMATION
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BA22Ti703d
0.05
s
...... O 07
______________ 3
B - -0.05 -
____________________ i
w0 8 0.1 1
q:, Eaverage =-59 mVSCE
] :cz .0.15 | Standard deviation = 56 mVgce
................ End potential = -165 mVgce
..................... 0.2 \ . ‘
] S 0.E+00 1.E+05 2 E+05 3.E+05 4.E+05
""""""""""" Time (seconds)
20 Potential ]
0.008 —
.................... . — O
25 a | w
_______________________ B . 8
,,,,,,,,,,,,,,,,,, < >
2 T
L2 04
______________________ o] ] , °
20 = 0.004 Current density o
O
[ — 08
35 ...................
0
| |
| 0 10000 20000 30000
40 .................. Time (SecondS)
__________________ Base Alloy 22 (Anode) to Ti Gr7 crevice, Ti7 bolt and nut
................ Anode to cathode area ratio: ~1/3; Torque: 75 in-lbs;
I o N, deaerated, 95 °C, 4 M MgCl, solution
Forward scan rate: 0.1 mV/s, Potential hold: 80 mV¢. for 5 hours
"""""""" Reverse scan rate: 0.0167 mV/s
- Continued To Page
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