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\ . _ — Initial Scientific Notebook Entry for the Long-Term Persistence of
\ I Passive Film of Alloy 22
\ - Title: A Review for long-term persistence of passive film of Alloy 22 under potential
\ i '~ YMrepository environments L]

N — # -

\ . Investigator: Hundal (Andy) Jung, Div. 20 724.%{@4@

\ —— Objective: The objective of this project is to evaluate the long-term persistence of the
\ | ~ passive film on Alloy 22 under benign environments (e.g., at temperatures below the

boiling point of pure water) by reviewing currently available literature related to general
\ corrosion, passive film characterization data, and potential degradation processes

\ _ disrupting the long-term persistence of the passive film. In this report the validity of short- ———
\ | term experimental results for long-term extrapolation (e.g., 10° years) is examined from —

\ ———— the view point of risk-informed to waste isolation.
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—— V _ ] o Téllarcus, P.and H. Talah. "The Sulfur Induced Breakdown of the Passive Film and Pitting
. . . tudied on Nickel and Nick ' i - o
Topic #1: Effects of Alloy Sulfur on the Corrosion Resistance of Alloy 22 | I ickel Alloys.” Corrosion Science. Vol. 28, pp. 455 — 463. 1989.
1. Induction Time Calculation o - 1400 —
e _ S i ¢ S
——— Based on the observations by Marcus, et al, (Marcus and Talah, 1989) the passive fim AN N— 1200 - e 10ppmS SRS
- formed on Ni-based alloys can be broken time after certain induction time if the ] L . B s , |
| segregated sulphur concentration is above the critical concentration (i.e., 40 ng/cm2). ‘ m 100 ppmS ]
Assuming all sulfur can present in the alloy accumulates at the metal-film interface, the L= I 10007 ¢ o 200 ppm'S Wﬂf/té
— i i - © » A 4
concentration of sulfur at the interface (e;merf) with time was estimated using a Faraday’s law. I 5 e o 1000 ppm S o e |
I ) | . ¢ 8001 . i
I MS f = . . |
interf 2 I 7*41 ———— § |
| 07" (1) T _[1dt ' (1) ] . S 6004 * . |
L 2 .
where. M: atomic weight (Ni), S: alloy sulfur concentration (ppm in wt.%), n: number of electron ‘ I 400 - ‘.

~ exchanged (2), F: Faraday constant (96485 Coulomb/mol), i: passive current density (Alem?), t ———— e Q. : * . ]
———— time (hrs). . — 4 v .

- 4L o/ 200{ *a, *, ———
The induction time (1) is the time required to reach a critical concentration of sulfur at the metal- — —J L L ", : . T e MU o, 4 ]

" oxide interafce (8", ) above which a breakdown of a passive film occurs. e ! f*"*’”"' 0% ifﬁﬁmwm e
|— - Ui 25 30 35 40 45 50 85 60 65 70 75 80 85 90 95 100 — |
-~ Assuming that the current density does not change as long as the sample remains passivated, | A Temperature (°C)

. theinduction time (t) at a constant passive current density (i) is estimated ﬂgs 4 i |
i ] nte r 40 N4/ s e e e . . . | . ¥ EE S ‘
where ;. {g;‘nmw‘, (40 V4/om” ) | F Figure 1. Calculated Induction Time of Alloy 22 as a Function of Temperature. ]
terf e (2 o pres==== - ]
- _ OnunF Foqlustedhi)d)  ——— —— S
—— : iMS v 4 (G yr) e m‘ |  — Table 1. Calculated Induction Time With Various Sulfur Concentrations at 25 and 90 °C J ﬁ\i .
— LM (.69 Ymel) ] . [77 and 194 °F]. Bated] Crleatioy
. The Eq. 2 is applied to estimate an approximate value of the induction time for Alloy 22 system 741 i , — are feﬁ%’ rded
~ whereiand S are known assuming same or similar mechanisms of sulfur effects in Alloy 22 to - S _Conqentration N Induction Time (years) —om pege (9 a5 o
Ni or Ni-Fe alloys. ' v 5 ppm freelim ) s \:ﬁ (ppm in weight percent) - 25°C (77 °F] 90 °C [194 °F] —rvzad-fheel
Assumption: The sulfur present in Alloy 22 accumulates at the metal-film interface during ] 10 1,278 50 o P !
passive dissolution and a passive film breakdown can occur above a critical sulfur concentration | — : - —#fﬁj//;/ﬂ
~——  of 40 ng/cm?, the induction time for film breakdown of Alloy 22 under deaerated condition was — AR 50 255 10 o B
. estimated by utilizing Eq. 2. In these calculations, the passive current density is a temperature '
dependent Arrehnius function with the activation energy of 44.7 kJ/mol [47.1 Btu/mol] with a I 100 - 127 5 b —
" reference passive current density of 10°® A/cm? [6.5 x 10° A/ft’] at 95 °C [203.25 °F]. These ~ ———— S ' _—
. values are consistent with the TPA code (Dunn, et al., 2005). Figure 1 presents the resultant | - : 200 63 } 25
. induction time at 10, 50, 100, 200, 1,000 and 2,000 ppm of sulfur concentrations as a function of : ' ]
temperature and summarized values in Table 1 at 25 and 90 °C [77 and 194 °F]. | A 1000 . 12 Ik 0.5 PO
. Reference ' : —H_A_J I 2,000 6 N
Dunn, D. S., O. Pensado, Y.-M. Pan, R.T. Pabalan, L. Yang, X. He, and K.T. Chiang. "Passive ) ' ' : ] 0.25 — -3

- and Localized Corrosion of Alloy 22-Modeling and Experiments." CNWRA 2005-02 Revision 1 — e ‘ _ : Q\ o N

~ Center for Nuclear Waste Regulatory Analyses. San Antonio, Texas: CNWRA. 2005. S b - /g\vf\/\\! AN : , :
[ 7 ‘ \) v o D
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As seen in Figure 1and Table 1, the induction time decreases linearly as the sulfur
- concentration increases at both temperatures. At 25 °C [77 °F], the induction time for 10 ppm of a—
- Sis 1,278 yrs, but as S concentration increases to 200 ppm, the induction time decreases to 63

yrs which is about 20 times smaller than 10 ppm of S. The effect of temperature on the induction
time is more significant than S concentration. As the temperature increases, the induction time
I decreases exponentially at a given S concentration. At 90 °C [194 °F], the induction times for 10
s ppm and 200 ppm of S are 50 and 2.5 yrs, respectively. In the case of 2,000 ppm of S at 90 °C —
[194 °F], the resultant induction time is 0.25 yrs (91.25 days). Considering a nominal range of
bulk sulfur concentration in Alloy 22 (i.e., less than 0.02 wt.% = 200 ppm in wt.%) and a
generally low passive current density {e.g., < 10® A/cm?[6.5 x 10® A/ft’]} in Alloy 22, the

— calculation result indicates that the film breakdown on Alloy 22 could occur after 2.5 yrs or [
— longer under deaerated condition assuming sulfur in the alloy segregates at the metal-film

interface without dissolving into the solution. Note that the calculation is valid under designated
conditions as above. The equation 4-2 may need to be further modified if Alloy 22 has a
different degradation mechanism of anodic sulfur segregation. For example, if Cr and Mo

S contents in Alloy 22 can affect significantly to the long-term effects of sulfur related mechanisms,
the equation 4-2 is not valid any more. This assumption, however, may be partially valid&%}gg'/l/r7
the observation of pitting corrosion of Alloy C-4 (Ni-19.4Cr-13.8Mo-2.4Fe) tested in sulfur
containing chloride-rich solution at 150 °C. (Smailos, 1993).

- Reference - : ;
| Smailos, E. "Corrosion of High-Level Waste Packaging Materials in Disposal Relevant Brines."
Nuclear Technology. Vol. 104. pp. 343-350. 1993. ‘ |
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I 2. Thermodynamic stability diagrams of Metal (Ni, Cr, Mo) — S — H,0 systems
2.1. Ni — S —H,0 system

- 2.1.1 Thermodynamic data

The thermodynamic data used in the calculation are referenced from HSC (database name) as
= the thermodynamic database.

HSC, “Outokumpu HSC Chemistry for Windows,” Version 5.1, Antti Roine, 02103-ORC-T, Pori,

Finland, 2002.
== Reaction Data 25°C Species | Go (KJ) Species Go (KJ) | Species | Go (KJ)
Rate Constant= 8.314 Jimol*K H+ 0.00 NiS -80.22 HSO4- -755.66
- Temperature= 298 K H20(1) -237.14 Ni3S2 -210.45 SO4-- | -744.36 | ot
N Activity of Ni . iz
Species= 1E-06 molar 02(g) 0.00 Ni3S4 -291.99 HS- 12.08
Acg}’)';gsf 1E-06 | molar | H2(g) 0.00 NiSO4 | -76233 | S- | 8680 Wi
1 Faradays . ) %{
% _ /,\A Constante | 96485.3 Cls Ni 0.00 Ni(OH)2 -446.93 S 000 | C%,
1 /N &
yzxﬂ Intolog= | 2.303 NiO -211.58 NiOH+ .| -227.27 H2S -28.60 Bt
— Ni++ -45.68 Ni(OH)3- -587.10 R
== ' =1
- Reaction Data 90 °C Species | Go (KJ) Species Go (KJ) | Species | Go (KJ) it
Rate Constant= 8.314 | J/mol*K H+ 0.00 NiS -84.64 | HSO4- -726.00
s Temperature= 388 | K H20() -231.10 Ni3S2 -209.14 | SO4-- | -706.10 —
= Activity of Ni | 42 g | olar 02(g) 0.00 Ni3S4 289.94 | Hs- 19.12
Species=
= Activity of S . ]
- Species- 1E-06 | molar H2(g) 0.00 NiSO4 -738.18 S-- 85.80 -
Faradays . .
- Constante | 964853 | Cis Ni 0.00 Ni(OH)2 42888 | S 0.00
e In to log= 2.303 NiO -205.47 NiOH+ -214.51 H2S -26.90 —
- Ni++ -43.62 Ni(OH)3- -536.75
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| 2.1.3. E- -pH diagrams for Ni-S-H20 system at 25 and 90 °C (Figure 2) Bl . Entry Date: June 20, 2007 . o
T o : TS . ; : -] “* 2.2. Cr — S —H,0 system B =
0.8 . el .Qz_Evo!utlon . .
- - ' - Sag ) E—————l == . . "
: . 06{ HSO, e , . 2.2.41. Thermodynamic data )
L 047 ; - NiZ* ] Loy The thermodynamic data used in the calculation are referenced from HSC (database name) as .
.02y :'_‘S'(-si..,i_ NiO Ni(OH), the thermodynamic database.
- 00 feu T 4 o HSC, “Outokumpu HSC Chemistry for Windows,” Version 5.1, Antti Roine, 02103-ORC-T, Pori,
—*/ % -0.2 . ~H; I‘E\;oTufio‘n* e o : - B F|n|and 2002 L0
T 2 ' — ,k_j
w -04 -
L 06 | ] — Reaction Data 25°C Species | Go (KJ) Species Go (KJ) | Species | Go (KJ) _—
e -0.8 1 = === ' — Rate Constant= 8.314 | J/mol*K H+ 0.00 CrS -137.80 HSO4- | -755.66 o
-1.01 HQS‘(a) ‘ NI : —— o _ . —
HS , Temperature= 298 K H20(1) -237.14 Cr2S3 -365.30 S0O4-- -744.36
I -1.2 s — == ’
1 — . ; \
; : : | Activity of Ni : 3+ ) ) . |
- 1.4 : ; S N — Species= 1E-06 molar 02(g) 0.00 C_r 206.41 HS 12.08 _4]
‘ ) — . [
- R —— —————— ——— — Activity of S| 4e 06 | molar | H2(g) 0.00 cP | 416493 | S | 8580 —
00 10 20 30 40 50 60 70 80 90 100 11.0 120 130 140 Species= i i
pH | — Faradays 1 954853 | Cls cr 0.00 Cro,” | -524.46 s 0.00 ]
| Constant= — . |
(a) : Intolog= - | 2.303 Cro2 -529.36 Cros 727.81 H2s. | -2860 |
10 _ ST - | | | 2.303RT/F= 0.0591 Cro3 -501.23 | Cr207(-2a) | --1301.35 ‘ -
0.8 - ] ""-.\_-. 0, Evolution : [ L 4 ',//<
> Vv 3 : e — Cr203 | -1053.11 | Cr(OH)2(+a) | -608.78 j/ A
, 0.6 - HSO, : . S0, el ) / N '\ka .
i - © o4 : ] ‘\{,i *Vv Cr(OH)2 | -575.97 H2CrO4(a) -759.95 ]
- o LN NiO — NI - g
L : . . _ 1 | Cr(OH)3 | -846.94 HCrO4(-a) -764.80
T-8(E) .l Ni(OH), - r ]
— 0.0 Fang, "™, u, - _ _
- U, } TR e S e —— | Reaction Data 90 °C Species | Go (KJ) Species Go (KJ) | Species | Go(KJ) |~
(e 2 ~E | : 2 <
J 2 : : ] - - —
— el } Rate Constant= | 8314 | J/molK | H+ | 0.0 CrS -138.42 HSO4- | -726.00
— -0.6 - - : : —
| = | Temperature= 388 K H2Q() -231.10 Cr2S3 -365.54 SQ4-- | -706.10 —
—_— 08 ] ES— -
L Activity of Ni A |
_— -1.0 | H,S(a) e — F Species= 1E-06 molar 02(g) 0.00 Cr3+ -196.24 HS- 19.12
—— e —] . — Activity of S 1E-06 | molar | H2(g) 0.00 . cr+ -165.19 S 85.80
g | : : : - | Species= © ]
? : ‘ | Faradays 964853 | Cls Cr 0.00 CrO2(-a) -502.60 S 0.00
-1.6 : ; ; . : s, : : : G . . R | - o< S Constant= . » ]
00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 . In to log= 2.303 CrO2 -517.90 CrO4(-2a) -692.19 H2S -26.90 ]
e _ pH ] — : :
L ” (b) - B 2.303RT/F= 0.0591 Cr03 -483.90 | Cr207(-2a) | -1258.47 —
— s ' - Cr203 | -103552 .| Cr(OH)2(+a) | -582.20 ]
: . . . ] B | I
- z;ﬁqure 2. E-pH diagrams for Ni-S-H,0 system at (a) 25,) C and (b) 90 °C for 10° M of ions at 1 CrOH)2 | -557.34 H2Cro4(a) 740,70
: v/\/\,/z X Cr(OH)3 | -818.13 | HCrO4(-a) | -739.84 |
. - - - S —e—",;se - s
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| 2.2.3. E-pH diagrams for Cr-S-H20 system at 25 and 90 °C - Entry Date: June 22, 2007
a— 20 . - L 2.3. Mo — S —H,0 system ]
[ — 1.8 . ' ' .
‘ 16 : e ——  2.3.1. Thermodynamic data ]
| 1.4 1 ) '
h - —_— ! e o . . . ) =
121 Cro,2 The thermodynamic data used in the calculation are referenced from HSC (database name) as
;2 I P o B mal T the thermodynamic database. : —
— 0.6 | (I 7
— - g;f W ' - HSC, “Outokumpu HSC Chemistry for Windows,” Version 5.1, Antti Roine, 02103-ORC-T, Pori,
- B 001- B .~ Finland, 2002, |
o 021 =y
== 0.4 —— R
‘ 06 | Reaction Data 25 OC Species Go (KJ) Species Go (KJ) Species | Go (KJ)
- -0.8 1 ! ; - — . —
_ -1.0 1 : : Rate Constant= 8.314 | J/mol*K H+ 0.00 MoS2 -267.17 HSO4- | -755.66 '
-1.2 : . g2 —— e — ]
| H2S(a) : - )
— e ’ cr e ; —— i — Temperature= 298 K H20() | -237.14 MoS3 -294.87 | SO4- | -744.36 —
L el : : : _ ( s — . - ]
| _ ) : : Activity of Ni 1E-06 | molar | 02(g) 0.00 Mo2S3 | -395.67 HS- 12.08
[ — 20 ' - ; - - - - . . ; . , " Species= !
00 10 _ » —— — Vi —
. 2030 40 50 80 70 80 90 100 110 120 130 140 . 1 Agg‘é'gef_s 1E-06 | molar | H2(g) 0.00 HMoO4- | -868.62 S-- 85.80 (6[
’”’ pH : ~— ( - /A
L / p& Faradays 964853 | Cis Cr 0.00 MoO4— | -836.18 | S 0.00 '
: N | (@) /\< \<—~ e ’ & Constant= —
e\ . « l X,f & ST In to log= 2.303 MoO2 -533.49 o H28 -28.60 e
| 20 ' : : ‘
\ \ :
- 1 ] ! - — 2.303RT/F= | 0.0591 —1
AN\ 16 : ~
AN e . - | = _
by Y a
? :3 1 TtTthS™e...,. .1 e — — Reaction Data 90 °C Species | Go (KJ) Species Go (KJ) | Species | Go (KJ) "‘*E
L o | i - ‘ ‘ |
| o : S Rate Constant= | 8.314 | Jimol'K |  H+ 0.00 MoS2 | ..o | HSO4 | -726.0 B
0.4 1 o T o EE——— e ' =t
W o029 - I { | Temperature= 388 K H20(1) -231.10 MoS3 201 60 S04-- | -706.10 —
n - . |
¥ 0.0 — . ‘
- W 02 1 EE—— - Activity of Ni X ) |
| , b gi 7 : Species- 1E-06 | molar 02(g) | 0.00 Mo2S3 39313 HS 19.12
— 04 S } . _— Activity of S . - .
| 8: _ ores fr Species 1E-06 | molar H2(g) 0.00 HMoO4 840,39 S 85.80 B
- T Bl " - e = Faradays , 3
| _ 12 _ _ : f - - o Constants 964853 | ‘Cis Cr 0.00 MoO4 806.52 S 0.00 ]
- 14 H,S(a) 6 : - ; In to log= 2.303 MoO?2 -521.35 ] H2S -26.90
| 16 rs : > | -
- 18 | : ¢ = N | - 2303RT/F= | 0.0591 . . _
‘7 . 20 i i — . : I' : : . .' -I ‘ ‘ : , , .
| 00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 T r n ]
. . pH ' T s
L ’ : |
| e————— — ’ ' ]
| ' _ ‘ ’ (b) o .
= . . ) '
| :;g}u’re 3. E-pH diagrams for Cr-S-H.0 system at (a) 25 °C and (b) 90 °C for 10° M ofionsat 1 | — |
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L 2.3.3. E-pH diagrams for Mo-S-H20 system at 25 and 90 °C - | i ke glbubed  £D.) ) S ‘
20 . , ' ‘
— 1.8 4 ! L‘ = ==—=—=—=————— o = - - -
 EER— 1.6 1 : E— - i) a a :
141 Hsos . S0 ia E, Trer R 0 n F M T increment
- _ 12t---..._ HMoO, — I 0.32 44700 368.15 8.3144 4.00E-08 2.00 96485.00 58.69 5 =
1.0 4 s TP MoQO 42' (Clem2*yr) (J/mol) (K) (J/mol) (g/cm2) (C/mol) {g/mol) (K)
R 0.8 | S T e T e ’
f—= 0.6 1 _________________ _— -1 S(5ppm) | S (10ppm) | S (50ppm) | S (100ppm) | S (200ppm) { S (1000ppm)| S (2000ppm) -
- ~ g;‘ e~~~ o e | 0.000005 | 0.000010 | 0.000050 | 0.000100 | 0.000200 | 0.001000 | 0.002000
W02 SETS
L :: 0.0 i e ! Induction Time, 1 (years)
= . _g:i ] - T(C) T (K) ia (C/em2*yr)| ia (A/lem2) |5 ppm 10 ppm 50 ppm 100 ppm 200 ppm 1000 ppm |2000 ppm | —
77777 06 - ) i 25 298 1.03E-02|  3.26E-10 2557.55 1278.77 255.75 127.88 63.94 12.79 6.39
-0.8 - 30 303 1.39E-02|  4.39E-10 1899.03 949.51 189.90 94.95 47.48 9.50 475
— -1.0 1 S - 35 308 1.85E-02]  5.86E-10 1423.76 711.88 142.38 71.19 35.59 7.12 3.56
o -1.21 . : b E—— B 40 313  2.44E-02| 7.74E-10 1077.31 538.65 107.73 5387 = 26.93 5.39 2.69
147 ; ' 45 318|  320E-02| 1.01E-09 822.34 411.17 82.23 41.12 20.56] - 4.11 2.0
I 161 : ; s r 50 323|  4.16E-02| 1.32E-09 632.98 316.49 63.30 31.65 15.82 3.16 158 |
o o S S | : o i 55 28] 536E-02| 1.70E:00| 49113 24557 49.11 24.56 12.28 2.46 123| |
;\; T00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 | 60 333|  6.85E-02| 2.17E-09 383.98 191.99 38.40 19.20 9.60 1.92 0.96f |
f \\; pH 65 338| 8.70E-02| 2.76E-09 302.41 151.20 30.24 15.12 7.56 1.51 076| |
L\ L 70 343 1.10E-01]  3.48E-09 239.83 119.91 23.98 11.99 6.00 1.20 060 —
\ N\ (a) 75 348 1.37E-01|  4.36E-09 191.47 95.73 19.15 9.57 479 0.96 0.48| 21
TN 80 353  1.71E-01]  5.42E-09 153.84 76.92 15.38 7.69 3.85 0.77 0.38] ©7
—> — 3 h B 85 358 2.12E-01| 6.71E-09 124.36 62.18 12.44 6.22 3.11 0.62 031 —
Vi 90 363|  2.60E-01| 8.25E-09 101.12 50.56 10.11 5.06 2.53 0.51 0.25
’77 - 95 368 3.18E-01|  1.01E-08 82.69 41.34 8.27 413 2.07 0.41 0.21
— — - 100 373 3.87E-01| 1.23E-08 67.98 33.99 6.80 3.40 1.70 0.34 0.17
- ] i 105 378]  468E-01| 1.48E-08 56.18 28.09 5.62 2.81 1.40 0.28 0.14
110 383 564E-01|  1.79E-08 46.66 23.33| 467 2.33 1.17 0.23 0.12
s R i 115 388|  6.75E-01] 214E-08 38.94 19.47 3.89 1.95 0.97 0.19 - 0.10
- = o | g 120 393|  8.06E-01| 2.55E-08 32.65 16.32 3.26 1.63 0.82 0.16 0.08
5 125 398| 9.57E-01| 3.03E-08 27.49 13.75 2.75 1.37 0.69 0.14 0.07
T u>-; =Sy i 130 403| 1.13E+00| 3.59E-08 23.25 11.62 2.32 1.16 0.58 0.12 0.06
- o 135 408] 1.33E+00| 4.22E-08 19.74 9.87 1.97 0.99 0.49 010 - 005
140 413|  1.56E+00| 4.96E-08 16.83 8.42 1.68 0.84 0.42 0.08 0.04
"""" ] 145 418|  1.83E+00| 5.79E-08 14.40 7.20 1.44 0.72 0.36 0.07 0.04
SSEY — : 150 423|  2.13e+00] 6.74E-08 12.37 6.19 1.24 0.62 0.31 0.06 0.03
155 428|  2.47E+00| 7.82E-08 10.67 5.33 1.07 0.53 0.27 0.05 003 |
o o N i 160 433| 2.85E+00| 9.04E-08 9.23 4.61 0.92 0.46 0.23 0.05 0.02| |
— —_— - 165 438] 3.29E+00| 1.04E-07 8.01 4.00 0.80 0.40 0.20 0.04 0.02|
- . 170 443  3.77E+00  1.20E-07 6.97 3.49 0.70 0.35 0.17 0.03 0.02
0.0 1.I0 2.I0 3.6 44I0 5.0 6.I0 7.I0 8.I0 Q.IO 10’.0 11I.0 12.0 1310 14.0 ‘ 175 448 4.32E+00 1.37E-07 6.09 3.04 061 0.30 015 0.03 0.02
— . pH — ' 180 453|  4.93E+00|  1.56E-07 533 2.67 0.53 0.27 0.13 0.03 0.01
- . , 185 458| 561E+00] 1.78E-07 4.68 2.34 0.47 0.23 0.12 0.02 0.01
(b) ] 190 463 6.37E+00| 2.02E-07 413 2.06 0.41 0.21 0.10 0.02 0.01
’* e | 195 468| * 7.22E+00| 2.29E-07 3.65 1.82 0.36 0.18 0.09 0.02 0.01
——  Figure 4. E-pH diagrams for Mo-S-H,O system a%(i) 25 °C and (b) 90 °C for 10° M ofions at 1 — L 200 473|  8.15E+00] 2.58E-07 ‘ 73.23 1.61 0.32 0.16 0.08 0.02 0.01|
atm. \ : ‘ i R I /2 = ¥ A - o
— i — F — 7
i P NN ——— | I —~ ‘
I e — L e s e — —d
Recorded by:j/;] v/ » Q | Date o | Verified by: ‘ Date Recorded by: N Date | Verified b ‘
/’M 2701 | i = ﬂvz/& | Hiz/ et | |
| |




20

Project No. 14022 of 111

P38 TITLE

Entry Date: January 7, 2008

3. The potential-pH diagrams for Metal Sulfides at 150 °C

Background Information

The thermodynamic data used in the calculation are referenced from Roine (2002). In the
reference (Roine, 2002), the chemical potentials for each species are estimated at high
temperature through the Criss-Cobble based linear ionic heat capacity approximation as
suggested by Lewis (Lewis, 1970; Taylor, 1978; Criss and Cobble, 1964a, b) which is very
reliable in the temperature range used for this work.

The method used for calculating high temperature Pourbaix diagrams is described in detail
elsewhere (Cowan 1971; Taylor 1978). Generally, the standard chemical potential of species i

at temperature T, u, ., was determined through the use of equation 3-1:

Hir = Hiaog + _[;8 C,dr-T _[98 7[7 dT — ATS (3-1)

where p . is the absolute chemical potential of species i at 298 K, C—p is the average partial

molal heat capacity over the temperature increment T - 298 K, and Sggg is the standard partial
molal entropy at 298 K.

The Criss-Cobble ionic entropy correspondence principle is generally used to estimate the
average heat capacities for ionic species at high temperatures (Criss, 1964a, b). Cowan and
Staehle as well as Taylor have shown that this method is valid up to 573 K (Cowan 1971),
(Taylor, 1978). They used the Criss-Cobble theory to calculate standard electrode potentials for
the Ag/AgCl H'/H, cell between 298 and 573 K and compared these results to the

experimentally measured values of Greeley (Greeley, 1960). Theoretical values for £°were
within ~20 % of experimentally determined values as calculated by Cowan and Staehle and
within ~10% as calculated by Taylor with smoothed experimental data. Clearly, thermodynamic
estimations of this nature will ignore activity changes and partial molal volume changes which
undoubtedly result in errors; however Criss and Cobble have shown that these effects can be
ignored up to 573 K (Criss and Cobble, 1964b).
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| Entry Date: December 12, 2008 Table 1. Parameters used in the general corrosion model to determine Ro values ]
L Topic #2: Evaluation of DOE general corrosion model in TSPA-LA L Uncertainty Level Scale factor (b) Shape factor (c) S
B This topic section documents the work conducted on the evaluation of model abstraction in B — Cow 5658 7380 e
— TSPA-LA for general corrosion of Alloy 22. ' —— S— Medium 8.134 1476 7“
— : ey — High 9.774 1.578 ]
Software used: Microsoft Excel 2003, Mathematica 6.0 | |
. Table 2. Raw data used in the general corrosion model g
— 1. Overview of DOE general corrosion model | | “‘}
i «  General corrosion rate of Alloy 22 in TSPA-LA is a temperature dependent and represented T — Samp'e#: measured data (nm/ yr)g_4 measured data (nm/ yrg » CDF 0.077458 1
i by an Arrhenius type equation. T — 2 822 0.41 0.077458 S
— — — 3 8.63 0.81 0.090046 —
- Ry (nm/yr) = Ro exp[C+(1/T-1/To)] Eq. 1 - - 4 6.36 0.82 0.090379 .
. . _— 5 9.75 1.25 0.10558 "
— where, R, (nm/yr) is the general corrosion rate at 60 °C; C; (K)=E./R, E, (J/mol) is activation — — 6 22 52 5 0.136361 —
= energy — - 7 12.04 2.01 0.136809 |
- S | . 8 17.29 2.03 0.137708 f
* The general corrosion rate of Alloy 22 is assumed constant (i.e., time-independent) ata 1 9 1575 208 0.139974
- given temperature and is conservative and DOE consider that the model is conservative — - 10 ‘ 576 274 0.172253
- because the corrosion rate of Alloy 22 decreases with time. ‘ _ —— L 11 8.3 285 0.178062 ]
+ Mean general corrosion rate of 7.36 nm/yr at 60 °C was determined frorr_1 the weight-loss | 12 6.4 3.06 0.18949 o
N measurements for 5 years long-term corrosion test facility (LTCTF) crevice type coupons — . 13 3.06 31 0191717
— tested in aqueous phases of SAW, SDW, and SCW at 60 and 90 °C. (weight-loss type ] | 14 31 311 0.192276
L coupons -> 3.15 nm/yr) , - : 15 4.19 3.54 0.217256
+ Forall 5 years LTCTF samples, no crevice corrosion observed and were covered with *—) = 16 9.52 419 0.258362 ==
— surface deposits. _ , . — — 17 7.23 429 0.265026 —
- * No significant difference in the corrosion rates for mill-annealed and welded specimens. i L 18 14.71 4.32 0.267042
* No clear dependence of the corrosion rates on temperature was found exgept weight-loss | 19 5 81 471 0293933 —
T type coupons in SCW (i.e., corrosion rate at 90 °C was higher than 60 °C in aqueous phase —T _— 20 116 524 0.332358 }
— SCW). _ o — - 21 5.77 5.28 0.335338
+ Therefore, temperature dependence of the general corrosion rate was dete_rmlned in : 29 311 569 0.36645
B separate tests using a short term polarization resistance techniques in a mixture of 1to 9 m — — 3 10.56 5 76 0371858 —
— NaCl and 0.05 to 3 m KNO; solutions at three different temperatures (60, 80, and 100 °C) ] L 24 10.91 577 0.372632 ’
- and the apparent activation energy of Alloy 22 was estimated to be 40.75 + 11.75 kJ/mol (1 25 4.71 581 0.375736
standard deviation). T 26 3.54 5.84 0.378069 T
[ ] T ““ 27 2.74 5.89 0.381967 T
- 2. Uncertainty Analysis of Weight-loss Data for 5 years Crevice Samples | - 28 6.27 5.92 0.384312 ]
- . ' o 29 5.89 6.27 0.411958
+ Total 58 corrosion rates were analyzed and fitted with a Welbull' distribution ' B — 30 827 6.36 0.419144 =
== * Represented two parameters, scale (b) and sh?pe (c) factors with three uncertainty levels “ I 31 0.82 6.4 0.422347 |
L (i.e., low, medium, and high): R, = b[Ln(1/1-p)]"* : ] s 32 0.81 6.89 0.461933 -
» Represent the Alloy 22 general corrosion rate WPOB at 60 °C | 1 33 84 6.94 0.466001
T o ] i 34 5.24 7.23 0.48965 —
= The parameters used in the general corrosion model (Eq. 1) are given in Table 1. ] - 35 528 7.88 0.542662
| 36 10.24 8.22 0.570152 |
| I 37 6.94 8.27 0.574169 T
— ] L 38 5.84 ' 8.3 0.576576 —
- \ - 39 6.89 8.4 0.584577 |
- 40 16.07 8.63 0.602842
S SS— —_— B N ——m
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| 41 14.51 9.05 0.635594 o The other fitting methods such as normal and log normal distributions are implemented and the |
= 42 429 9.4 0.662162 - e results are compared to the Weibull distribution fitting (Figure 2).
- 43 5.92 9.52 0.671096 I I |
44 2 9.75 0.687946 . - 1,00 | _» —
- 45 7.88 10.24 0.722527 : 3 3 .: ;
- 46 19.58 10.56 0.744052 — - |
47 13.61 10.86 0.76341 | - ]
B 48 432 10.91 0.766556 | 0.80 oo g g G ]
= 49 2.01 11.6 0.807531 ] — :
- 50 9.05 12.04 0.831202 _ L z — NORMAL o
51 10.86 13.61 0.899796 44 L E 0.60 { — — LOGNORMAL oo, S
I 52 2.85 14.51 0.928434 “{ 2 WEIBULL (MEDIUM)
- 53 2.03 14,71 0.933918 S— = A . RAWDATA _—
54 5.69 16.75 0.957153 | I 8 o0l AN S R —
o 55 0.41 16.07 0.962795 : O -
f=== 56 2.08 17.29 0.979019 % — a l
[ 57 1.25 19.58 0.993839 ] — [ ]
| 58 0.41 22.52 0.999048 } 0.20 o .
— Results: | — ;/
| - 0.00 +¥— A S
u The model was implemented in Excel 2003. Detailed calculation spreadsheet is stored in the | IL_ o 5 10 15 20 25 -
= attached CD (file name: SN #835_Weibull distribution.xIs). | General Corrosion Rate (nmiyr)

‘ , |
} The cumulative function of general corrosion rates using Weibull distribution is presented ] | o
. Figure1. i Figure 2. General corrosion rate distributions fitted by normal, lognormal and Weibull ]
- e F* distributions
| _— — —
B 1909 ' — ‘ In an actual TSPA implementation for general corrosion of the waste package outer barrier, the —
o ; ] T waste package surface is divided into subareas (referred to as patches). Each patch has a
\ Cr / N — surface area of 231.5 cm® [35.9 in?] which is four times the area of crevice geometry sample i
0.80 ! - ; size. DOE has stated that this dividing is to simulate variability of general corrosion across the —
» > / | B i waste package surface. To account for such a change in scale (i.e., four times patch area to the
B F — WEIBULL (Low) SH— - crevice coupon size), in the TSPA, the general corrosion rate is adjusted in a manner that uses ]
J § 0.60 —WEIBULL (MEDIUM) | | the highest of four sampled general corrosion rates for each patch. For each TSPA realization, a —
= o T | r” single general corrosion rate (i.e., the highest) is applied to each patch term on the waste
2 T WEIBULL (HIGH) T— p— package outer barrier (Sandia National Laboratories, 2008, p6.35-9).
i B 40 B RAW DATA - S | .
— § | ] il Sandia National Laboratories. “Total System Performance Assessment Model/Analysis for the
- © 1 / ‘ ~b—1" S License Application.” MDL-WIS—PA-000005. Rev. 00. Las Vegas, Nevada: Sandia National -
020 4 —-f ] i Laboratories. 2008. —
= ] “‘"" ;li ﬁ Figure 3 represents the resultant distributions for low, medium, and high level uncertainties after
000 ¥ —— — — —— ‘ S— — applying size factor of 4. ===
‘ ‘ 0 5 10 15 20 25 _ﬁl | S

General Corrosion Rate (nm/yr)

Figure 1. General corrosion rate distributions using Weibull distribution resulting from fitting of 5- ] -
year long-term crevice-type corrosion test facilities. | ‘ ' 7
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) ]
e F _
*_ — ' I 4. General Corrosion Rate at P=0.5 (median) At Different Temperature ' ]
1.00 X X e —— — _' . . .
| 0.90 F N W e g P N - The model was implemented in Excel 2003. Detailed calculation spreadsheet is stored in the ey
s 3 5 A i attached CD (file name: SN #835_DOE general corrosion model.xIs).
0.80 f----meemeoctoee A LS e e GRS prmees PR nes —
= / :// < : : ] : i i ==
£ 0.70 w """"""""" 7 '// """ prese e pres—— S ' — ¢ General corrosion rates at P=0.5 (median) were compared at q"‘fe_rent temperatures with
| g e 777 ”// """""" R e e r L uncertainty levels and apparent activation energies as shown in Figure 5. —
R PO : : : — |
| 2 R i 2 2. N N I — o . : o
| § oo /i // 2 WEIBULL ‘(LOW) I T * Athigh T, the calculated corrosion rate shows brpad distribution of corrosion rate and high ]
| -l B O S g WEIBULL (MEDIUM) = activation energy resulted in high general corrosion rate. _ o i
I S 030 ) ff »,'--/-/I—-»;I ------ —— WEIBULL (HIGH) | « Atlow T, low activation energy leads to higher corrosion rate than high activation energy. — }
AT — - - Size Factor of 4 (low) i
B 0.20 ,/// ’vj/ — — Size Factor of 4 (medium) -~ 100.000 |
i 0.10 ’// ----------- | — - - Size Factor of 4 (high) ’ ~—LowRo & Low Ea ,77%
- NV vy SR T L ] — —&~High Ro & High Ea |
| 0 [ 10 15 20 25 30 35 ‘—— 10,000 + ——medium Ro & mean Ea

| General Corrosion Rate (nmityr)

=@-Low Ro & High Ea _—
=#-HighRo & Low Ea

Figure 3. General corrosion rate distributions after applying size factor of 4 1000

3. Calculated Model Outputs of Base-case Temperature-Dependent Corrosion Rate 100

* Total 58 corrosion rates were analyzed and fitted with a Weibull distribution and Figure 4

L shows the calculation results.

* The median general corrosion rates (P=0.5) at a mean apparent activation energy (40.78
kJ/mol) are 0.33 to 6.2 nm/yr at 25 °C and 9.2 to 7430 nm/yr at 200 °C._(conversion: 1 nm/yr

o

612 |

an

General Corrosion Rate (nm/yr)

300°C 4g00c

| —— 150°C 125°C 100°C . I N . N e — —
= 10-3 mm/yr = 10-6 mm/yr = 10-9 m/yr) .l LA |
* Activation energy values were truncated between +20 (7731K, 65.54kJ/mol) and -30 (666K, — === i on
ﬁ 5.54kJ/mol). i ' 250C -
| — .
{ 0 — ‘ ‘ I I -
“ . 2.1E-03 2.3E-03 2.5E-03 2.7E-03 2.9E-03 3.1E-03 3.3E-03 3.5E-03
— 1.00 - ‘ . H 1T (1K) ]
e R _— — _
- 0.80 ey ] B Figure 5. General corrosion rates as a function temperature with uncertainty levels and apparent 7I
L T - LE S (N U | ———_— S — == activation energies (P=0.5) -
‘ ‘ L ‘ ; : . : | —
T “gg 080 g Y15 L CR T T X 8 e e T ﬁ—‘ e
L F Osﬂ --------------- <] =2 = [ — — — ol
‘L B 0w : ' = = Low Ro-tiigh £a 25 °C —_ — 5. WPOB (waste package outer barrier) Penetrated Depth

g ! = = Medium Ro-Mean Ea 25 °C L . -/
- a o ‘e a1 ¥ P A I [|= - HighRo-LowEa 25°C ¢ Penetrated depth of WPOB can be calculated using Eq. 2 and result is shown in Figure 6. =

1o L S . JE SR SO I - ...L|=Low Ro-Low Ea 200 °C e | —

‘F 020 ; ‘ ‘ ‘ ! | ==——=Medium Ro-Mean Ea 200 °C . . Eq.2 —
‘ﬁ R B s nas S e [ —High Ro-High Ea 200 «C — — Penetrated Depth (mm) = Corrosion Rate (mm/year) x Duration (year) q.
. _ : , — . . — — _ . om -
§ 0000.01 0.10 100 1000  100.00 100000 10000.00 100000.00 1000000.0 ¢ In the DOE model in TSPA-LA, the mean general corrosion rate at 25 °C is 1.12 nm/yr. ==
| o —_— —
‘ ’ General Corrosion Rate (nm/yr) L =
[ —a
L . — —
[ Figure 4. Calculated model outputs of the base-case temperature dependent general corrosion ==
— model with uncertainty levels and apparent activation energies at 25 and 200 °C. === o
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[_} Penetrated Depth During 900,000 years At
Different General Corroison Rates at 25 °C
}_. 30 4 — — —
. : -
- [ —
g 20 :j // _—?
— = 5 —
| :\i 15 3‘ / ; ‘
— Q —
T 10 -
= - |
- @ 57 —
IAM & L’/ . I *!
0 10 20 30 »
oy General Corrosion Rate (nm/yr) ﬂ
|
- . ]
| Figure 6. Penetrated depth of waste package outer barrier during 900,000 years at different —
| general corrosion rate at 25 °C |
= 6. Uncertainties in Activation Energy i
— _ —d
- * Inthe literature, the apparent mean activation energy ranged from 19 to 44.7 kJ/mol as seen
in Table 3.
L Table 3. Activation energies for Alloy 22 and C-4 in TSPA, TPA. and literature 4
— Source, Material Method(duration) Activation Solution Temperature S
- energy I
| TSPA-LA, Alloy 22 Polarization (24 hrs) 40.78 kJ/mol 11 to 6 m NaCl + 0.05 to 3 60, 80, 100 °C
r““ m KNO3 B
‘L TSPA (in previous Polarization (24 hrs) 26 kJ/mol 45 to 170 °C ==
| versions), Alloy 22 1to 9 M NaCl or CaCl2 +
— 0.0125 to 0.5 M Ca(NO,),
‘Lw, TPA, Alloy 22 Passive current (2 days) 44.7 kJ/mol 10.028 M NaCl 25 to 95 °C —
, \
— EIS (1 day) 41.8 kJ/mol 4 M NaCl 40 to 150 °C T
- Hua and Gordon ~ Weight-loss (8 weeks)  25.3 kJ/mol |BSW 60 to 105 °C —
| (2004), Alloy 22 |
1‘¥' EPRI (2002), Alloy Weight-loss (3 to 5 years) 19 kJ/mol Saturated Mg *- 90 to 200 °C o
| C-4 dominated brines Aﬁ‘
[ Lloyd et al. (2003), Passive current (10 to 12 32 kJ/mol 1M NaCl + 0.1 MH,SO, 25to 85 °C
— Alloy 22 hours) o
L — |
Hua, F_. and G. _Gordon. “Corrosion Behavior of Alloy 22 and Ti Grade 7 in a Nuclear Waste N
- Repository Environment.” Corrosion. Vol. 60, No. 8. pp. 764-777. 2004.
L Lloyd, A:C., J.J. Noél, S. Mclintyre, and D.W. Shoesmith. “Cr, Mo and W alloying additions in Ni e
and Their Effect on Passivity.” Electrochimica Acta. Vol. 49. pp. 3,015-3,027. 2004.
— R
- L ‘ 3 B S o=
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7. General Corrosion Rate Distribution At Two Different Activation Energies At 25 °C

The model was implemented in Mathematica 6.0. Detailed information for calculation and
coding is stored in the attached CD (file name: CorrSampling.nb).

¢ Mean activation energy, E, = 40.75 or 25.3 kd/mol (normal distribution without truncation)
e Mean general corrosion rate at 60 °C, R, = 6.35 nm/yr

Table 4. Calculated mean general rates at 25 °C and estimated waste package failure by
general corrosion at 1 million year in nominal case results

L Mean general corrosion rate i WP failure by general corrosion at
Activation Energy at 25 °C 1 M year
40.75 kJ/mol ~3.5 nm/yr* ~ 9 % (from the TSPA result)
25.3 kJ/mol ~6.8 nm/yr* ~40 %

* After applying size factor of 4 and MIC enhancement factor (1 to 2)

e Assuming that WP'is failed when the general corrosion rate is higher than ~ 7 nm/yr at 25 °C
under same failure mechanisms, it is possible that the mean fraction of failed WP could
increase to ~ 40% when the activation energy is 25.3 kJ/mol.

e The current high activation energy in TSPA-LA may underestimate the general corrosion
rate at low temperature (e.g., 25 °C) and result in less WPOB lifetime.

e No experimental general corrosion data at low temperatures (e.g., 25 °C) are given to
support the model.

e DOE has along-term corrosion test plan using simulated water from 30 °C to build up better
confidence for the current model.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

: 25.3 kJ/mol
g 1
= 40.75 kJ/mol |
3 1
_l
|
0 5 M1‘0‘7 ‘1)5*” ‘AZXO‘ o 2*54 l l30lrﬁl o

General Corrosion Rate (nm/yr)

Figure 7. General corrosion rates at two different activation energies (25.3 and 40.75 kJ/mol)
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L~ (i) basecase ]

0.00025

0.0002

0.00015

0.0001

0.00005

1000 2000 3000 4000 5000 6000 7000 -

(i) low Ea

0.0004 L
0.0003

- 0.0002 .

e -
.

1000 2000 3000 4000 5000 6000 7000 %‘

iii) high Ea

0.00035 - 7‘
0.0003
0.00025
0.0002
0.00015 |
0.0001 S
0.00005

1000 2000 3000 4000 5000 6000 7000
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— o TSPA GoldSim model running

Chris Markley in NRC conducted a set of GoldSim implementation depending on Ro and C1
— values. No difference between weighted and unweighted in the nominal modeling case.

- 500 realizations for each case

- For Ro, used the data treated by Weibull distribution
— - For C1, used a normal distribution without truncation
|
B Unweighted Mean Total Dose
B 10
— base r0, base ¢

9 wmm—ciouble 10, base c1
m base 10, low ¢
| 8 double 10, low ¢!
s BOth percentile max 10 base ¢

i 7. double r0. high ¢!

I
Dose [MREM/yr]

0 . _

T 0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06

— Time [yr] R

[~ Main findings S——

— : : . - —
The mean total dose increases with increasing Ro and C1, which is more significant after about

I 100,000 years. S

At 1 M years, the mean total dose depends on the different combinations of Ro and C1 values.

Mean total doses at 1 M years:

T
|

(i) base r0, base c1 -> ~0.49 mrem

l

(ii) double r0, low c1 -> ~8 mrem
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Book No. — £28 TITLE TITLE Book No. AL
—— Entry Date: September 15, 2009 - " Results -
9. Simplified Computations to check failure times by general corrosion of the WP and DS B Upper Bound (always inside-out corrosion)
. The objective was exploring whether failure times can be approximated with simplified | | E——
computations. Osvaldo Pensado in CNWRA is an originator for the associated computation files. o 01
- Allfiles were compressed as a zip file named “PensadoContributionToJungSciNotebook.zip”. | — = b ]
| w
. Reference | 3
SNL. 2007al. “General Corrosion and Localized Corrosion of Waste Package Outer Barrier.” N § 001
——  ANL-EBS-MD-000003. Rev. 03. ACN 01, ERD 01. Las Vegas, Nevada: Sandia National ] — 5 —]
. Laboratories. 5 3’
T 'g 0.001 :
"~ Approach S = i F—
S 1. Power of 4 assumed to account for differences in sample size versus patch size S | —
2. MIC enhancing factor, uniform(1,2), implemented 0.0001
T 3. Assumed 1400 patches (Actual count: 1430 for CSNF, 1408 for CDSP: GoldSim ] — 200000 A0 e Toera) o0 116 ]
= parameters Num_WP_Patches_CSNF; Num_WP_Patches_CDSP) e - —_—
- 4. If CDF({r) is the cumulative corrosion rate distribution, then the distribution for the — __ Lower bound (never inside-out corrosion) :
maximum corrosion rate, CDF,(r), of a sample of N elements (N = number of patches) is
I CDF,(r) = [CDF,(n}' I = )
— 5. Sampled the reference corrosion rate from the Weibull distribution, modified by the power s — ; pesaememny
L N, corrected by the MIC factor. B o 01 : a
6. The distribution of extreme corrosion rates were adjusted by the activation energy ;3) § ' 72 '
”“ (sampled from a truncated normal distribution) and the temperature dependence ] — o [
f—s 7. A temperature of 25 °C was considered, because this is the dominant temperature in the S P —_—
long-term § l
o 8. The approach to sample an extreme corrosion rate is only an approximation. A more ] %
— accurate approach would require creating a corrosion rate sample with N elements; adjust — - é 0,001 —
| by the MIC factor; adjust by the temperature; and then select the maximum (after the MIC g
and temperature corrections) of the sample. However, the simplified approach consider B ’
— should suffice to derive rough estimates —— — ]
- 9. A bound for the failure time distributions and the WP surface fraction compromised by B 0.0001 = 3000 400000 600000 800000 1t I—
general corrosion was derived by considering an increase in the corrosion rate by a factor Failure Time [y |
o of 2, to account for corrosion from the inside-out. Clearly, this factor of 2 would lead to ] ® s o sogs, o T 0. g
— shorter failure times than the DOE model. In the TSPA model, this corrosion rate S L T T e b
| enhancement only applies when the WP is damaged by any mechanism. In this simplified ] ;L% { )
approach, the factor of 2 is applied at time=0. B §§ o s Porcentie
— 10. A low bound was derived by not considering the factor 2. — L P g -
- 11. The fraction of WPs failed by GC versus time is equivalent to the cumulative distribution | 29 S—
function of the failure time (failure time computed with the extreme corrosion rate from a B g 5 107 3
- sample of N elements) Sy — 58
— 12. The fraction of the WP surface compromised by GC versus time is equivalent to the = | §§ 100 L . mem——
cumulative distribution function of the PATCH failure time (failure time computed with the - i
e whole, uncorrected by the power N, distribution of corrosion rates) MW — & . j:
i ] — o 0 I‘ Izooi.ooo‘ I ‘4oofooo‘ eoog.oool A Iaonl.oool I 1‘.ooo,ooo
[1— | Time (years) —_—
= —_—) Figure 2.1-10.  Summary Statistics for Fraction of Commercial SNF Waste Packages (a) Breached by 1
[ Stress Corrosion Cracking and (b) Breached by General Corrosion Patches for the
Nominal Modeling Case as a Function of Time p—
] - Source: SNL 20084, Figure 8.3-6[a).
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— ) | T
. Upper Bound (always inside-out corrosion) —] — DS Failure by General Corrosion
1 e . N . —— [
: i B T . . . . . .
F . In this case the TSPA model is relatively simple. | accurately reproduced the failure time from -
I 0.1 , , ] —— — sampling two DS corrosion rates, r, and r,, from two distributions:
g ! e (= v, =1, S
< 001} B o ]
= ¥ J6 S—
— | 0.001 - —  tfollows a Student-t distribution with 5 degrees of freedom. r,,=4.61x10™° mm/yr (GoldSim TSPA
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The simplified approach produces results that %consistent with the TSPA results. ] 1,
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- Reasonable ranges of waste package temperature and its corresponded relative

humidity for potential dripping condition

i This topic section documents the work conducted on the estimating reasonable ranges of waste

package temperature and its corresponded relative humidity as a function of the repository time in
which there is a potential seepage water dripping with evaporation process. The range of

B temperature and relative humidity was obtained from the GoldSim models in the TSPA-LA.

Software used: Microsoft Excel 2003

£ Chandrika Manepally in CNWRA is an originator for the associated computation files. All files were

compressed as a zip file named “ChandrikaContributionToJungSciNotebook#899.zip".

» Temperature/RH Considerations

-
. Start Time — when the DW temperature is below

- boiling

« TSPA average results

= . Note — breaching of the boiling isotherm neglected

- Range — 350 — 550 years
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Temperature/ RH Considerations

- Start time 350-550 years - T

* In this period e

— WP Temperature Range: ~ i+

96 - 112°C

— WP RH Range : ~ 50 —
80%

Temperature/ RH Considerations

+ WP surface RH approach > 95% values around 2000-

+ End time — continuous aqueous film forms on the WP ]
surface —

« Formation of the continuous aqueous film is dependent —
on the

— Evaporation and condensation rate on WP surface
- RH at DW and WP surface (assumed well-mixed conditions)

4000 years (depending on the WP type).
— WP surface temperature <60 C

— Implies conditions suitable for formation of aqueous film could
occur around this time
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