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Table A-1. (continued).

Figure Description Source Assoclated Files Q Status Data Tracking Number
Humacd?2.xis; worksheet
XLReg; calculations
Mode! prediction of general
corrosion rates of CAMin | Porotras iR CReand [ e 7.0, SigmaPlot 40:
Fig. 5-11 humid-air as a function of port 9 ad 7.4, Sigmariot 4.9; Non-Q | MO9807MWDWAPDG.000
o graph; Data has been fig5.5-6.mcd, fig5.5-6.jnb
relative humidity at T = 75°C .
and different exposure times. | Préviously submitted - ML
P " | 30048-M04-001; Contents of
HumidCAM subdirectory’
. Humacd?2.xls; worksheet -
Model prediction of general XLReg; calculations
corrosion rates of CAM in performed in MathCad and
humid-air as a function of exported to a SigmaPlot MathCad 7.0, SigmaPlot 4.0;
Fig. 6-12 refative humidity at a 1 year | graph; Data has been fig5.5-7.mcd, fig5.5-7.jnb Non-Q MO9807MWDWAPDG.000
exposure time and different | previously submitted - Mi:
exposure temperatures. 30048-M04-001; Contents of
HumidCAM subdirectory’
Humacd2.xis; worksheet
Model! prediction of general XLReg; calculations
corrosion rates of CAM in performed in MathCad and ,
humid-air as a function of exported to a SigmaPlot MathCad 7.0, SigmaPlot 4.0;
Fig. 5-13 temperature at a relative graph; Data has been fig5.5-8.mcd, ﬂgg.s-e.jnb Non-Q MO9807MWDWAPDG.000
humidity of 60% and different | previously submitted - MI:
exposure times. 30048-M04-001; Contents of
HumidCAM subdirectory’
The aqueous CAM Expert elicitations Dm-a.cd,
roughness factor from the Pa-a.cd, Dm-a.med, C-pf- g'ata Ispllm‘p:ar:ed :1° at tob
Fig. 5-14 Waste Package Degradation | a.scd, 'gmha d° a sheet to be Non-Q MO9807MWDWAPDG.000
Expert Elicitation (Pendleton, | Dm-a.scd, Pa-a.scd [TBV- 'gi %pei b
1998). 311)? 95.6-1.n
General corrosion data of
CAM in tropical lake water fig5.8-2.mcd; exported to a AQDepth.txt = lines on Fig
Fig. 5.-15 and polluted river water, and | SigmaPlot data sheet to be 5.6-2; Non-Q MO9807MWDWAPDG.000
the model prediction with the | graphed fig5.6-2.jnb -
uncertainty.
Camaqua.xis; worksheet
Aquadata columns A and C;
rows 1-37 for lake water and
rows 38-64 for river water; . :
Fig. 6-15 exportad to a SigmaPlot data ggg‘}f_;?nﬁ‘g 562 Non-Q | MO9807MWDWAPDG.000

sheet to be graphed; Data
has been previously '
submitted - MI: 30048-M04-
001’
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“Table A-1. (continued).

Figure Description Source Assoclated Files Q Status Data Tracking Number
Temperature-dependent '
general corrosion data of fig5.6-3.mcd; exported to a 2 bt A, .
Fig.5-16 | mid stee in disiled water, | SigmaPlot data sheettobo | 58 %_‘;'];b""“ onFig583 | Nonq | MO9BOZMWDWAPDG.000
and the model prediction with | graphed g5.5-3.
the uncertainty, :
‘Camaqua.xls; worksheet
Aquadata; columns B and C,
rows 65-71; exported to a , '
Fig. 5-16 SigmaPlot data sheetto be | FOInts on Fig 6.6:3; Non-Q * | MOSBO7MWDWAPDG.000
graphed; Data has been g5.6-3}
previously submitted - MI:
30048-M04-001’
Humacd2.xis; worksheet
Model prediction of aqueous | XLReg; calculations
general corrosion rates of performed in MathCad and !
Fig.517 | CAMas a function of exporiedtoa SigmaPlot | H1anCad 7.0, SigmaPlot 4.0; | g | Mogso7MWDWAPDG.000
exposure temperature for graph; Data has been 95.6-4.med, fig5.6-4.Jn
dilferent exposure times. previously submitted - MI:
30048-M04-001' -
Humacd2.xis; worksheet
Model! prediction of aqueous XLrl;!eg; calculations
general corrosion rates of performed in MathCad and |
Fig. 5-18 CAM as a function of exported to a SigmaPlot ?,’135'%?5“ 7:'"8'3'2_&5”0;4'0' Non-Q MO9807MWDWAPDG.000
exposure time for different graph; Data has been 95.8-5.med, fig5.6-5.jn
exposure temperatures. previously submitted - MI:
30048-M04-001'
Comparison of model .
prediction of agqueous
general corrosion of CAM to
0.5 and 1.0 year CAM fig5.6-6.mcd; exported to a _ \
Fig. 5-19 general corrosion data from | SigmaPlot data sheet to be ;‘?'%66'_';']")""93 on Fig 6.6-6; Non-Q MO9807MWDWAPDG.000
the Long-Term Corrosion graphed go.5-0.Jn
Testing Facility (LTCTF) at
Lawrence Livermore National
Laboratory.
~ Data from Pasupathi, V.
1998, Waste package .
Fig. 5-19 Containment Barrier gogngs-g ?n?g 566; Non-Q MQ9807MWDWAPDG.000
- Materials Corrosion Data go:5-9.
(LV.WP.VP.05/98-103)
\ C (
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-Table A-1. (continued);

Figure Description _ Source Associated Flles Q Status Data Tracking Number
Cumulative Distribution Expert elicitations Ds-k.cd, Data is imported to a
Function (CDF) of corrosion Ji-ked, Je-k.od, Park.cd, Js- SigmaPlot data sheet to be
Fig. 5-20 rate term in high pH CAM k. m%d I;’a;(k mgd 'C:(-carg- graphed: Non-Q MO9807MWDWAPDG.000
k.scd, Ds-k.scd, Ji-k.scd, Js- !
localized corrosion model. kscd, Pa-k.scd [TBV-31 112 fig5.6-7.jnb
Expert eliciations Ds-n.cd,
CDF of corrosion rate term in | Js-n.cd, Pa-n.cd, Ds-n.mcd, gft:. ;spil';pga':zdsma:l o be
Fig. 5-21 high pH CAM localized Js-n.med, C-cam-n.scd, rg hed Non-Q MO9807MWDWAPDG.000
corrosion model. Ds-n.scd, Ji-n.scd, Js-n.scd, g 5p6-8 nb
Pa-n.scd [TBV-311]? 95.8-%.
CAM localized corrosion
Calculation done in . Text filte np3.dat results from
depth versus exposure time
. th MathCad, fig5.6-9.mcd; uses | figs.6-9.mcd and is imported
Fig. 5-22 for = 0.3 and 0", 50", and the Band n dismbutions in to a SigmaPlot 4.0 data sheet Non-Q MO9807MWDWAPDG.000
100™ percentiles of the B8 Figs 5.6-7.8. b
distribution, gs o be graphed
The CDFs” for the general Calculations performed in
corrosion rate of Alloy C-22 MathCad (fig5.7-all. mcd) and
g at 100°C in the absence of exported to a SigmaPlot SigmaPlot 4.0;
Fig. 5-23 dripping from the Waste datasheet to be graphed; fig5.7-1.jnb Non-Q MO9807MWDWAPDG.000
' : Package Degradation Expert Data is originally from {TBV-
Elicitation. 323}
The CDFs” for the general
corrosion rate of Alloy C-22 Calculations performed in
, at50°C in the absence of | MathCad (fig5.7-all.med) and | g0\ om0y 4,0,
Fig. 5-24 dripping from the Waste exported to a SigmaPlot fig5.7-2.jnb o Non-Q MO9807MWDWAPDG.000
Package Degradation Expert [qlz_ag%s_gggt] Jo be graphed
Elicltation.d
The CDFs"” for the general
corrosion rate of Alloy C-22 Caloulations performed in
at 25°C in the absence of MathCad (fig5.7-all.mcd) and SigmaPlot 4.0;
Fig. 5-26 exported to a SigmaPlot y o Non-Q MO9807MWDWAPDG.000
dripping from the Waste datashest to be afaphed fig5.7-3.jnb
Package Degradation Expert [TBV-323]* grap
Elicitation.
The variability CDFs” for the '
Aoy G:221 25, 5,and | MehGad (igb-akma) | QU et e s 8 COF and
Fig.526 | 100°Cinthoabsenceof | producing an outputtextflle | o yo7660, oo, gndazeso.cdl) | Non-a | MOSBOZMWDWAPDG.000

dripping utilizing a 75%/25%
uncertainty/variability
partition ratio and the 50"
uncertainty percentile.

which is then exported to a
SIgmaPlot datasheet [TBV-
323

into SigmaPlot 4.0 data sheet
to be graphed (fig5.7-4.jnb)
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Table A-1. (continued).

Figure Description Source Assoclated Flles Q Status Data Tracking Number
The variability CDFs” for the
general corrosion rate of
Alloy G-22 at 100°C In the ag'gl‘gaa'f('}f Do) | Outouttext e Is a CDF and
absence of dripping ultilizing roducin a?n 6ut u't toxt file is imported (gnd32550.cdf,

Fig. 5-27 25%/75%, 50%/50%, and amch s 51 o ox ‘:m odloa | ON935050.cdi, gnd37550.0df) |  Non-Q | MOSBO7MWDWAPDG.000
75%/25% Sioblof datact (TBv. | into SigmaPlot 4.0 data sheet .
uncertainty/variability 32% to be graphed (fig5.7-5.jnb)
partition ratios and the 50™ ) '
uncertainty percentile.

The CDFs” for the general

corrosion rate of Alloy C-22 | Calculations performed in

at 100°C in the absence of | MathCad (fig6.7-all.mcd) g‘;:"";';m 2';‘ o and |

0 0, o [ .
Fig.5-28 | dibping utitzing @ 75%/25% | producing an output text ile | 1 15750 oo, gndazses.cd) |  Non-Q | MO9BO7MWDWAPDG.000

y/variabitity which is then exported to a into SiamaPlot 4.0 data sheet

paniﬁon ratio and the 5™, SIgmaPIot datasheet [TBV- tob g hed ﬂ' 5.7 ; b ©

50", and 95™ uncertainty 3231 0 be graphed (fig5.7-6 jnb)

percentlles

Alloy C-22 CRM general

corrosion depth variation with

g;“(;'::,::;) u(gﬂlzn":;eaabsence Calculations performed in

75%/25% Mat(l;CtIad (figS.?;all.'Tc)?t)m %:'%l';t) tie’t“ ﬁles 5|s lm[;:n:ag 0

. producing an output text file g57) into a SigmaPlot 4, -

Fig. 5-29 ::ﬁ;:;?:’;%g:ﬁ:gg which Is then exported to a data sheet to be graphed Non-Q MO9807MWDWAPDG.000
uncenalmx‘percentlle, and g;gav;laPlot datasheet [TBV- (fig5.7-7.jnb)
the 0", 50", and 100"™
variabillly percenme
corrosion rates.

The CDFs’ for the general
corrosion rate of Alloy C-22 | Calculations performed in
at 100°C in the pH =3 to 10, | MathCad (fig5.8.mcd) and SiamaPlot 4.0:

Fig. 5-30 340mV dripping environment | exported to a SigmaPlot data fi 95 8-1.inb o Non-Q MO9807MWDWAPDG.000
from the Waste Package | sheet to be graphed [TBV- | 165:8-1In
Degradation Expert 323)*

Elicitation.

The CDFs” for the general ,

corrosion rate of Alloy C-22 Calculations performed in

at 100°C in the pH = 2.5, MathCad (fig5.8.mcd) and SigmaPlot 4.0:

Fig. 5-31 340mV dripping environment | exported to a SigmaPlot data fi 95 82inb Non-Q MO9807MWDWAPDG.000
from the Waste Package sheet to be graphed (rBv- 95.8-2Jn
Degradation Expert 323)*

Eiicitation.
- | -
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. Table A-1. (continued).

Flgure Description Source Assoclated Files Q Status Data Tracking Number
The CDFs’ for the general
corrosion rate of Alloy C-22 | Calculations performed in
at 100°C in the pH =2.5, MathCad (fig5.8.mcd) and SigmaPiot 4.0; :

Fig. 5-32 840mV dripping environment | exported to a SigmaPlot data 1ig5.8-3.jnb o Non-Q MO9807MWDWAPDG.000
from the Waste Package sheet to be graphed {TBV- go.5-3.
Degradation Expert 329"

Elicitation.
The CDFs’ for the general Calculations performed in
corrosion rate of aggregate MathCad (fig5.8.mcd) and SiamaPlot 4.0:

Fig. 5-33 Alloy C-22 at 100°C in all exported to a SigmaPlot data fi 95 8-4.jnb o Non-Q MO9807MWDWAPDG.000
dripping environments and sheet to be graphed [TBV- 99.9-4.
the resultant composite CDF. | 323}’

The CDFs’ for the general Calculations performed in
_ corrosion rate of aggregate MathCad (fig5.8.mcd) and SlgmaPlot 4.0:

Fig. 5-34 Alloy C-22 at 50°C in all exported to a SigmaPlot data | i 95 8-5.jnb o Non-Q MO9807MWDWAPDG.000
dripping environments and sheet to be graphed [TBV- 99.9-9.
the resultant composite CDF. | 323}*

The CDFs” for the general Calcutations performed in
corrosion rate of aggregate MathCad (fig5.8.mcd) and SiamaPlot 4.0:

Fig. 5-35 Alloy C-22 at 25°C in all exportet to a SigmaPlot data fi 95 8-6.Inb e Non-Q MO9807MWDWAPDG.000
dripping environments and sheet to be graphed [TBV- g5.8-6.Jn :
the resultant composite CDF. | 323]* ’

Comparison of WPDEE CRMS5.8,9.xls, worksheet
results with Project and Composite Data for C-22 SigmaPlot 4.0,

Fig. 5-36 literature data on Alloy C-22 | ~ o?te d to a SigmaPlot data | fi 95 8-7.jnb - Non-Q MO9807MWDWAPDG.000
general corrosion rates in shg et to be gra %ed" go.5-1. '
various tesling conditions. grap
The variability CDFs’ for the '
general corrosion rate of Calculations performed in
Alloy C-22 a1 25,50,and | MathCad (fig5.8.mcd) g‘;"s")‘gm 22.3'48120"5‘8'2 and
100°C in presence of. producing an output text file ey

Fig. 5-37 dripping utilizing a 50%/50% | which is then exported to a 2:285'0?&2?'1 %egzsgsoﬁd”t Non-Q MO9807MWDWAPDG.000
uncertainty/varlability SigmaPlot data sheet [TBV- | 7 g h g ) ea: sbee
paiition ratio and the 50th | 323}* o be graphed (fig5.8-8.inb)
uncertainty percentile.

The CDFs’ for the general
corrosion rate of Alloy C-22 Calculations performed in
at 100°C In the presence of | MathCad (fig5.8.mcd) g‘l’::":;:tee’g {g%ggs%gi;"d
L) 7 . 1
Fig.5-38 | Oripping utlizing 26%/75%, | producing an output text file | (9436050 o4, g8437550.cdf) | Non-Q | MO9BO7MWDWAPDG.000

650%/50%, and 75%/26%
uncertainty/variability
pantition ratios and the 50th
uncertainty percentile.

" which Is then exported to a

SigmaPlot data sheet [TBV-
323]*

into SigmaPlot 4.0 data sheet
to be graphed (fig5.8-9.jnb)
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Table A-1. (continued).

Figure Description Source Associated Files Q Status Data Tracking Number
The CDFs® for the general 32{%%:‘3’3;”5’%"&22?" In Output text file Is a CDF and
ate of Alioy C- o is imported (g8435005.cdf,
Fig. 5-39 egosii lheop:\esoe‘:'lgezozf producing an output textflle | iy 420 p g8435095.cdl) [ Non-Q | MO9BOZMWDWAPDG.000
. dripping utilizing a 50%/60% gr';;i;l;?z:&xgg:;d&%& into Slgme;Plo't 4.0 data sineet '
uncertainty/variability 32%]4 _ to be graphed (fig5.8-10.jnb)
Alloy C-22 CRM general
corrosion depth variation with
??&gp":‘:,:: 'orgg g::ersort Calculations performed in
dripping utillzﬁ:g a 50%/50% MathCad (fig5.8.mcd) Output text file is imported
i producing an output text file | (Fig511) into a SigmaPlot 4.0 i
Flg. 5-40 ::gft:)ar:"r%‘;a?:: igg;h which is then exported to a data sheet to be graphed Non-Q MO9807MWDWAPDG.000
uncertainty percentile, and g;%r]r}aPlot data sheet [TBV- | (fig5.8-11.jnb)
the Oth, 50th, and 100th :
variability percentile
corrosion rates.
Alloy C-22 CRM general
corrosion depth variation with
?3‘&8’7,:‘;,:5022;33&!?8 at Calculations performed in
dripping utlllzﬁ1 g2 60%/50% | MathCad (figs.8.med) Output text file is imported
i producing an output text file | (Fig511) into a SigmaPlot 4.0
Flg. 5-41 ggﬁﬁ:;an'"r%??:: Igg;h which is then exported to a data sheet to be graphed Non-Q MO9807MWDWAPDG.000
uncertainty percentile, and gégav]vlaPlot data sheet [TBV- | (fig5.8-11.jnb)
the Oth, 50th, and 100th
variability percentile
corrosion rates.
Localized corrosion rate of
the inner barrier as a function
of temperature predicted by | Calculations performed in Output text file is imported
the CRM localized corrosion | MathCad (fig5.9.mcd) (59rate.dat) into a SigmaPlot
Fig. 5-42 model at 1,000 year producing an output text file | 4.0 data sheet to be graphed; Non-Q MO9807MWDWAPDG.000

exposure time. The mean of
the model and 2 and 3
standard deviations of the
mean are shown.

which is then exported to a
SigmaPlot data sheet

Columns 1, 2,3,4,5,6
(fig5.9-1.jnb)
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Table A-1. (continued).

Figure Description_ Source Assoclated Files Q Status Data Tracking Number
Localized corrosion rate of
the inner barrier as a function ,
of temperature predicted by | Calculations performed in Output text file is imported
the CRM localized corrosion | MathCad (fig5.9.mcd) (59rate.dat) into a SigmaPlot _
Fig. 5-43 model at 100,000 year producing an output text file | 4.0 data sheet to be graphed; Non-Q MO9807MWDWAPDG.000
exposure time. The mean of | which Is then exported to a Columns 1,12,13,14,15,16° -
the mode! and 2 and 3 SigmaPlot data sheet {fig5.9-2.jnb)
standard deviations of the
mean are shown.
Localized corrosion depth of .
oo gt | Clcdatenspotomedn | Q1A B leorod
Fig.6-44 | by the CRMlocallzed producing an oulput text file | £9maFiot .0 data sheet to Non-Q | MO9807MWDWAPDG.000
The mean of the model énd which Is then exported to a Colﬂmﬁs 1 '2 3,4,5,6,17,18
2 and 3 standard deviations | S'gmaPlot data sheet (fig5.9-3jnb)
of the mean are shown.
Localized cor(osion depth of
ol exposure tmopradcied | Coloustons perormed in | (1Kl piot ca o
Fig.5-45 | by the CRMlocallzed | producing an oulput text il Eig{,"ri,';',‘? 0 data sheet to Non-Q | MOS807MWDWAPDG.000
The mean of the model and which Is then exported to a Columns 1,7,8,9,10,11,17,18
2 and 3 standard deviations SigmaPlot data sheet (fig5.9-4.jnb)
of the mean are shown.
Localized corrosion depth of
Output text file is imported
the Innar bartlar s & Mncllon | Galculations performed in | (LLNLPitRO1.dat) into a
b ihg CRM Iocall‘;e d MathCad (fig5.9.mcd) SigmaPlot 4.0 data shéet to :
Fig. 5-46 chrosl on model at 30°C producing an output text file | be graphed; Non-Q MO9807MWDWAPDG.000
The mean of the model én d which Is then exported to a Columns
2 and 3 standard deviations SigmaPlot data sheet (1'i1§. !1; 35';1] 36)5,16,1 7,18
of the mean are shown. go.9-9.
: : Data is imported to a
7 Expert elicitations Ds.cd, ‘| SigmaPlot data sheest to be
COF for the temperature | 1, "00q " cq f.scd, Js.cd, | graphed
Fig. 5-47 threshold for GAM corrosion Js.scd, Pa.cd, Pa.scd, T- Lines are the *.scd files and Non-Q MO2807MWDWAPDG.000

initiation from the WPDEEZ,

ns.scd [TBV-323}*

points are the *.cd files;
fig5.10-1.jnb
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Table A-1. (continued).

Figure Description Source Assoclated Files Q Status Data Tracking Number
Data is imported to a
CDF® for the relative humidity | Expert elicitations Chacrh-
threshold for CAM humid-air | 8.5cd, Dm-s.cd, Dm-s.scd, | SigmaPlot data sheet to be
Fig. 5-48 corrosion Initiation including | Ds.cd, Ds.scd, Jt.cd, Jf.scd, angs aré the *.scd files and Non-Q MO9807MWDWAPDG.000
the effects of salts fromthe | Js.cd, Js-comb.scd, Pa.cd, int th . dfiles:
WPDEE?, Pa.scd [TBV-323]* poin’> are e .cd files;
fig5.10-2.jnb
Data is imported to a
- CDF® for the relative humidity Expert elicitations C-hac- SigmaPlot data shest to be
threshold for CAM humid-air th.scd, Dm.cd, Dm.scd, graphed
Fig. 5-49 corrosion initiation from the ?s.cd, Ds.scd, Jt.cd, J.scd, Lines are the *.scd files and Non-Q MO9807MWDWAPDG.000
2 s.cd, Js-comb.scd, Pa.cd, » R
WPDEE". Pa.scd [TBV-323}* points are the *.cd files;
: | 1195.10-3.jnb
Data is imported to a
CDF® for the relative humidity | Expert elicitations Caqrh-
threshold for CAM aqueous | s.scd, Dm-s.cd, Dm-s.scd, Srlgmhaelgot data sheet to be :
Fig. 5-60 corrosion initiation including | Ds.cd, Ds.scd, Jf.cd, Jf.scd, Eings are the *.scd files and Non-Q MO9807MWDWAPDG.000
the effects of salts from the Js.cd, Js.scd, Pa.cd, Pa.scd int th . d files:
fig5.10-4.jnb
Data is imported to a
CDF® for the relative humidity ﬁ‘xggg g‘:'":gogfncs':g' SigmaPlot data sheet to be
threshold for CAM aqueous o e ened Wed graphed §
Fig. 5-51 corrosion initiation from the Ds.cd, Ds.scd, Ji.cd, Jf.scd, Lines are the *.scd files and Non-Q MO9807MWDWAPDG.000

WPDEE?

Js.cd, Js.scd, Pa.cd, Pa.scd
[TBV-323]*

points are the *.cd files;

fig5.10-1.jnb

Systems. MOL.19980218.0231,

Pendleton, M. W. 1998. Wasta Package Degradation Exp
Correspondence, LV.EL.MWP.04/98-017, April 13. '

' WAPDEG 3.07 Software Routine Report, 30048-2999, Rev. 00, Appendix A and B
CRWMS M&O. 1997e. Final Report on Waste Package D

egradation Expert Elicitation Project, Rev. 0. Las Vegas, Nevada: TRW Environmental Safety

3 Cumulative Distribution Functions for No Drip Corrosion Resistant Material General Corrosion Modsl, BOO000000-01717-0210-00012 REV 01
ert Elicitation Revised Preliminary Inputs Received by March 31, 1998. CRWMS M&O Interoffice

Cumulative Distribution Functions for Dripping Corrosion Resistant Material General Corrosion Model, BO0O000000-01717-0210-00014 REV 01A

Pasupathi, V. 1997, CRM Degradation Models-Update, CRWMS M&O (Civilan Radioactive Waste Management System,

Contractor) Interoffice Correspondence. LV.WP.VP.12/97-268, December 22. MOY-971231-11.
Cumulative Distribution Functions for the Temperature Threshold for the Onset of Carbon Steel Corrosion, BO0000000-01717-0210-00015 REV 00
Cumulative Distribution Functions for the Relalive Humidity Thresholds for the Onset of Carbon Steel Corrosion, BO0000000-01717-0210-00016 REV 00

Management and Operating
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Table A- 2 Input and Output Data for the Figures Reporting the Waste Package Degradation Analysis Results.

Figure Code Description Input File Output File Q Status Data Tracking Number
NEsnfOOnoBFj2204.hst
NEsn{01noBFj2204.hst
Temperature versus time mg::n ?gggggggzszz
history for Waste package | NEent12noBFj2204,het
Fig.557 | NA g;%:lt:snunc:eaer bl elg:; " | NEsnf21noBFj2204.hst | Columns 1 and 2 Non-Q | MO9807MWDWAPDG.000
) - torm average, n ominal NEsnf22noBFj2204.hst | fig5.11-1.jnb )
’ NEsni31noBFj2204.hst
infiltration, Gtmeen, and no NEsni32noBF|2204.hst
backfil NEsnf42noBFj2204.hst
NEsnf52n0BF|2204.hst
NEsnf62noBFj2204.hst'
Relative humidity versus . :
time history of waste
package groups in the NE
Fig. 6-58 NA region, spent nuclear fuel, | Same as above f(: °5'uﬂ"f ! gnd 3 Non-Q MO9807MWDWAPDG.000
long term average, g5.11-1.jn
nominal infiltration, Omean,
and no backfill.
Fig. 5-69 2 Base case waste package | NE1a5set5.inp NE1aS5set5.out
throggh 5-61 3.07 degradation. NEOQa5set6.inp NEOaSsel6.out Non-Q MO9807MWDWAPDG.000
CCta5sel5.inp CC1ab5set5.out
\dnéag?fdg:g::afgg six “5\'11a53315.l;1p “\I’EJ a5set5.out
Fig. 5-62 3 absetS.Inp 1a5set5.out
through 5-64 | 309 roposiiory regions (12 | SC1assets.inp SC1a5set5.out Non-Q | MO9807MWDWAPDG.000
. SW') P SE1a5set5.inp SE1abset5.out
SWabsetS.inp SW1aSset5.out
Waste package
Fig. 5-65 degradation for different NE1-1a5set5.inp NE1-1abset5.out .
throu'gh 5.69 | 309 surface fractions of the NE1-10a5set5.inp NE1-10a5set5.out Non-Q | MO9807MWDWAPDG.000
waste package surface NE1-100a5set5.inp NE1-100a5set5.out
wetted by drips
Fig. 5-70 Waste package NE1a6s5p310.inp NE1a5s5p310.out
thro Jgh 5.74 3.09 degradation for different NE1a5s5p3100.inp NE1a5s5p3100.out Non-Q MO9807MWDWAPDG.000
patch sizes NE1a5s5p31k.inp NE1a5s5p31k.out
Waste package
Fiq. 6-75 and degradation for high
9. 5-76 3.09 aspect-ratio pitting NE1a5s6phcdt.inp NE1a5s5phcdf.out Non-Q MO9807MWDWAPDG.000
corrosion of the CAM
under alkaline dripping
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‘Table A-2. (continued).

Flgure Code Description Input File Output File Q Status Data Tracking Number
condition
Waste package
degradation for enhanced
: general corrosion rates of
b g | 309 the GAMunderan | NEteSssmicinp NE1a5s5mic.out Non-Q | MO98O7MWDWAPDG.000
sustained
microblologically .
influenced corrosion _
NEtabset1.in NE1ab5sett.out
Waste package NE1 aSsetz.lng NE1aSset2.out
degradation for altemative | \eoeeata inp NE1aSset3.out
Fig. 5-80 sgfigﬂta:ﬂ"ﬁfﬁ L':t'::ertalnt NE1aSsotd.inp NE1aSsetd.out
9. 3.09 y Y | NE1aSsel5.inp NE1a5set5.out Non-Q | MO9807MWDWAPDG.000
through 5-83 of the CRM general NE1absel8.inp NEta5set8.out
zgggfm ra':‘e V:.:i:"ce NE1aSset7.inp NEtabset7.out
altornativarmadion rates | NE1a5set8.inp NE1aSset8.out
NE1a5set9.inp NE1aSset9.out
: gPA15050.cdf
:’)um:ﬂativ(ec g;trl)l‘)?llonh 95225050.02:
- Fig. 5-84 unctions s)" forthe | gPA35050.c
throggh 5-85 NA composite CRM general gJF15050.cdf NA Non-Q MO9807MWDWAPDG.000
corrosion rates gJF25050.cdf
gJF35050.cdi
Waste package
degradation for two end
Fig. 5-86 members of the expert ‘| NEta5s5ijt.in NE1a5s5jf.out
through 588 | 309 elicitation for CRM%eneral NE1a5351pa.l$\p NE1aSsSjpa.out Non-Q | MO9807MWDWAPDG.000
corrosion rate distribution
under dripping condition
NEsnfO0BFj2204.hst
Temperature and relative :E:::g;ggggggg::
humidity "'s;‘t’;':: o go | NEsnit 1BFj2204.hst
erent wa C e
Fig- S89and | na groups in the NE region in | NESM12BFI2200 st ) Hlg8A29)nb Non-Q | MO9807MWDWAPDG.000
the presence of backfili NEsnf21BF1220 4.h ot * o
emplaced at 100years | \onaoRFi2004, hst
after waste emplacement NEsnf81BFj220 4:h st
NEsn{82BFj2204.hst
Fia. 5-91 Waste package CC1ab5setSbf.inp CC1absetsbf.out
throg. h 5-93 3.09 degradation for different NE1a5setbbt.inp NE1a5set5bf.out Non-Q MO9807MWDWAPDG.000
g relative humidity and NW 1a5set5bf.inp NW 1a5setsbf.out ,
—
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" Table A-2. (continued).

Flguro Code Desacription Input Flle Qutput File Q Status Data Tracking Number
temperature conditions at | SC1aSsetSbl.inp SC1absetshf.out :
the waste package SE1abset5bf.inp SE1a5set5bf.out
surface in the presence of | SW1aSsetSbf.inp SW1a5setS5bf.out
backfill in six different
repository regions - .
' NE1a5s5wpds1-1.inp NE1a5s5wpds1-1.out
NE1a5s5wpdsi-2.inp NE1a5s5wpdsi-2.out
Waste package NE1 <
absbwpds1-4.inp NE1a5s5wpds1-4.out
Fig. 5-94 3.09 gﬁgr:g;t’l:’)t'\hf'g'r( X:;y;ng NE1a5e5wpds2-1.inp NE1a5s5wpds2-1.out Non-Q MO9807MWDWAPDG.000
P NE1absSwpds2-2.inp | NE1a5s5wpds2-2.out
‘| NE1a5s5wpds2-4.inp NE1a5s5wpds2-4.out
Waste package NE1absScla
! ql.inp NE1a5s5c1aqi.out §
Fig. 5 95 3.09 ggg:i?‘c;itlon for ceramic NE1abs5ciag2inp NE1a5s6c1ag2.out Non-Q MO9807MWDWAPDG.000
Fia. 5-96 Waste package NE1a5set5-10.np NE1a5set5-10.out
thro?:. h 5-98 3.09 degradation for varying NE1a5s6t5-16.inp NE1a5set5-15.out Non-Q MO9807MWDWAPDG.000
9 CAM thickness NE1abset5-30.inp NE1abset5-30.out
NE1aSset5-1.inp NE1a5set5-1.out
Waste package
Fig. 6-99 NE1abset5-2.inp NE1abset5-2.out :
through 5-101 | 3:0° degradation forvaning | NEtaSsets-4.np NE1aSset5-4.out Non-Q [ MO9807MWDWAPDG.000
NE1a5set5-6.inp NE1a5set5-6.out
Scatter plot of first-patch
breach times versus CRM
corrosion rate under
Fig. 5-102 SATOOL dripping conditions NE1a5s5.inp NE1aS5s5.out Non-Q | MO9807MWDWAPDG.000
resulting from sensitivity
analysis Case WPSA1
NE1a5s5sa3.out
Salient input variables
Fig. 5-103 and NE1a5s5sa3.inp NE1ab6s5sa3s.out
5-104 SATOOL resulting from sensitivity NE1a5s5sads.inp NE1a5s5sa3t.SAT . Non-Q MO9807MWDWAPDG.000
study Case WPSA2 NE1a5s5sa3t.TBL

' Thermal Hydrology, B0O0000000-01717-4301-00003 Rev 01, § 3.5.5, DTN - LL980709604242.041
2 WAPDEG 3.07 Software Routine Report, 30048-2999, Rev. 00
3 WAPDEG 3.09 Software Routine Report, 30048-2999, Rev. 02

4 cumulative Distribution Functions for Dripping Corrosion Resistant Material General Corrosion Model, BO0000000-01717-0210-00014 REV 01
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Table A- 3 Compilation of the Status of the Data Listed in the Tables of this Report.

Table

Description

Source

Q Status

Data Tracking Number

Table 5-2

Humid-Air Corrosion Data Used in
the Mode! Development

Humacd2.xis; worksheet Data; Columns from left
to right A,G,B,C,F,H,1,D,J,L.K,M,N; Data has been
previously submitted - MI: 30048-M04-001;
Contents of HumidCAM subdirectory; discussed in
the WAPDEG 3.07 Software Routine Report

(App. A)

Non-Q

MO9807MWDWAPDG.000

Table 5-3

Humid-Air Corrosion Roughness
Factor Data at 16-Year Exposure
Time for Different Types of Steels

Humacd2.xls; worksheet Data (2); Columns from
loft to right M,H,N,P,N,P; Rows 59,64; 66,71;
73,78, 80,85; 87,92; 94,99; 101,106; Data has
been previously submilted - Mi: 30048-M04-001;
Contents of HumidCAM subdirectory; discussed in
the WAPDEG 3.07 Software Routine Report (App.

1 A); Data is originally from Southwell, et al., 1976;

Southwell and Bultman, 1982

Non-Q

MO9807MWDWAPDG.000

Table 5-4

Aqueous General Corrosion Data -

Used in the Model Development

Camaqua.xis; worksheet Aquadata; Columns A,B,
and C; Data has been proviously submitted - MI:
30048-M04-001; Contents of HumidCAM
subdirectory; discussed in the WAPDEG 3.07
Software Routine Report (App. B)

Non-Q

MO9807MWDWAPDG.000

Table 5-6

Aqueous Corrosion Roughness
Factor Data at 16-Year Exposure
Time :

Camaqua.xis; worksheet Aquadata (2); Columns
from left to right M,N,QW,T,AC,Z; Rows 29-33;
Data has been previously submitted - MI: 30048-
M04-001; Contents of HumidCAM subdirectory;
discussed in the WAPDEG 3,07 Software Routine
Report (App. B)

Non-Q

MO9807MWDWAPDG.000

Table 5-6

Local Corrosion Environment
Scenarios on the CRM and the
Probabifities of Occurrence from
the WPDEE

Data Is originally from Pendleton, M. W. 1998,
Waste Package Degradation Expert Elicitation
Revised Preliminary Inputs Received by March

31, 1998. CRWMS M&O Interoffice
Correspondence, LV.ELMWP.04/98-017, April 13.
(TBV-323]. The data used for the table is
calculated in Cumulative Distribution Functions for
Dripping Corrosion Resistant Material General
Corrosion Model, BO0O000000-01717-0210-00014
REV 00, 01A

Non-Q

MO9807MWDWAPDG.000
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Table A-3. (continued).

-
2

Table Description Source Q Status Data Tracking Number
CRMS5.8,9.xis; worksheet Composite Data for C-
22, Columns from left to right F,G,I,J,K,L,M,O,R;
All the Corrosion Data for Alloy 22 Za?,:?:‘héA’wﬁg%gg"{cﬁfg‘ggg{;:f;l’lf,’gls'
Table 5-7 Used in the Development of the p Non-Q | MOS807MWDWAPDG.000
Correlation of the Corrosion Rate Waste Management System, Management and
Operaling Contractor) Interoffice Correspondence
LV.WP.VP.12/97-268, December 22, MOY-
. 971231-11.
importance Ranking of Input
Table 5-18 Variables on First Patch-Breach NE1a5s5sa3.1bl; output from SATOOL, Non-Q MO9807MWDWAPDG.000

Quiput Variable (R? = 0.8492)
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Cutaway of a Drift with
Three Representative
Waste Package Types

(Not to scale horizontally
Parts are illustrated by
showing packages open

and both inner and outer layer)

- Waste Package

snitrw abg 67 eps

Boiling Water Reactor(BWR)
Waste Package

- Co-Disposal Waste Package

Five High-Level {HLW)
Canisters with One DOE
Spent Nuclear Fuel (DSNF)
Canister ‘

Pressurized Water Reactor (PWR)

Figure 5-1. Cutaway of a drift with three representative waste package types.
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Figure 5-2. Information flow in TSPA model.
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Morphology
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(under area with drips)
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Alloy 22
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Figure 5-3. Drawings to ilustrate the conceptual representation of waste package degradation by general
and localized corrosion under dripping and no-drip conditions.
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* T, RH, in-drift water dripping ' * pH, [CI] of dripping water,

across repository from ’ P(0O,), across repository
drift-scaie T-H model abstraction from NFGE model abstraction
¢ Dripping Single “Patch
* water ingle “Patch”
\ Welds 310 cm?2

s - Patches with drips; x - Patches with welds
Potential salt deposits;

CRM localized corrosion

Figure 5-4. A schematic illustrating the conceptual model for the waste package degradation modeling
with the “patches” approach.

B00000000-01717-4301-00005 REV00 F5-4 August 1998



NFGE Model:
pH, CI, P(O ,)

Drift T/H Model: |
WP Temp & RH, In-Drift Drips

AQRH, SRH AqRH, SAH HA RH,, $ RH S AQRH

CAM: Humid Alr
Corrosion

CAM Penetration

CRM: General
Corroslon (non-dripping)

CRM: General > o] Time History of
Corrosion g "] Patch Perforations
yos »{ CRM: Localized Corrosion > Time Histories of
& General Corrosion Pit & Patch Perforations

Figure 5-5. Logic diagram for the base case waste package degradation model. Ty, = temperature
threshold for CAM corrosion initiation; HA RHy, = relative humidity threshold for CAM humid-air corrdsion
initiation; Aq RHy, = relative humidity threshold for CAM aqueous corrosion initiation; E.or = cOrrosion
potential.
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Figure 5-6. Weather data and mode! predictions of the fraction of time for RH > 70 percent as a function
of average relative humidity.
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Figure 5-7. The humid-air CAM roughness factor from the Waste Package Degradation Expert Elicitation
{CRWMS M&O 1997e).
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Figure 5-8. Humid-air general corrosion data and the model prediction for corrosion allowance materials.
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Figure 5-9. Model prediction of general corrosion rates of CAM in humid air as a function of exposure
time at T = 60°C and different relative humidities.
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Figure 5-10. Model prediction of general corrosion rates of CAM in humid air as a function of exposure
time at T = 90°C and different relative humidities.
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Figure 5-11. Model prediction of general corrosion rates of CAM in humid air as a function of relative
humidity at T = 75°C and different exposure times.
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Figure 6-12. Model prediction of general corrosion rates of CAM in humid air as a functlon of relative
humidity at a 1 year exposure time and different exposure temperatures.
C 3.5 T T T T T T T T T T T T T T T T T T T T T T T
2 F|—— 1,000 yrs .
£ 3.0 t|—- 3000yrs| * >
£ F|—  10,000yrs | - :
™ N ]
- - 2.5 ; 100,000 yrs :
X 20+ ' g
2 - S
£ 151 == E
3 e —— T 3
= 0.5 _:_ .. T S e
Q [ ———— T ]
O 0.0 S R S S I 11 1 = SR T B | = Lo 1 s } G T N |
0 20 40 60 80 100
T(°C)
Figure 5-13. Model prediction of general corrosion rates of CAM in humid air as a function of temperature
at a relative humidity of 60 percent and different exposure times.
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Figure 5-14. The aqueous CAM roughness factor from the Waste Package Degradation Expert Elicitation
(CRWMS M&O 1997e).
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Figure 5-15. General corrosion data of CAM in tropical lake water and polluted river water, and the model
prediction with the uncertainty. '
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Figure 5-16. Temperature-dependent general corrosion data of mild steel in distilled water, and the
model prediction with the uncertainty.
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Figure 5-19. Comparison of model prediction of aquéous general corrosion of CAM to 0.5 and 1.0 year
CAM general corrosion data from the Long-Term Corrosion Testing Facility (LTCTF) at Lawrence
Livermore National Laboratory. ‘
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Figure 5-20. Cumulative distribution function of corrosion rate term in high pH CAM localized corrosion
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Figure 5-22. CAM localized corrosion depth versus exposure time for n = 0.3 and 0, 50", and 100"
percentiles of the B distribution. _
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Figure 5-23. The cumulative distribution functions for the general corrosion rate of Alloy 22 at 100°C in
the absence of dripping from the Waste Package Degradation Expert Eliicitation (Pendleton 1998).
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Figure 5-24. The cumulative distribution functions for the general corrosion rate of-Alloy 22 at 50°C in the
absence of dripping from the Waste Package Degradation Expert Elicitation (Pendieton 1988).

1.00 T T rring T IIIIII[ T 1 17 A/ - T TTTT

| —— Aggregate ]

=2 r| —e— J. Farmer A 1
= [|==— D.McCright | S h
% 0.75 L| —e— D. Shoesmith J
o " e P.Andresen .
} - o i -
o - ' ]
o 0.50 +- - L ¢ -
2 [ i
© I ]
5 i ]
€ 0.25 +- /- .
S - 7/ : .
O i ' / / Aggregate 1
L A 4 . ‘ ]

0.00 = 1 llll]l{ 1 l.&xlll#/ 1 ¢|'|||||{ i1 ||nu= Lo b1l

109 108 107 106 106 104
General Corrosion Rate (mm/yr)

Figure 5-25. The cumulative distribution functions for the general corrosion rate of Alloy 22 at 25°C in the
absence of dripping from the Waste Package Degradation Expert Elicitation (Pendleton 1988).
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Figure 5-26. The variability cumulative distribution functions for the general corrosion rate of Alloy 22 at
25, 50, and 100°C in the absence of dripping using a 75 percent/25 percent uncertainty/variability partition
ratio and the 50 uncertainty percentile. :
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Figure 5-27. The variability cumulative distribution functions for the general corrosion rate of Alioy 22 at
100°C in the absence of dripping using 25 percent/75 percent, 50 percent/50 percent, and 75 percent/25
percent uncertainty/variability partition ratios and the 50 uncertainty percentile.
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Figure 5-28. The variability cumulative distribution functions for the general corrosion rate of Alloy 22 at
100°C in the absence of dripping using a 75 percent/25 percent uncertainty/variability partition ratio and
the 5™, 50", and 95" uncertainty percentiles.
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Figure 5-29. Alloy 22 CRM general corrosion depth variation with time at 100°C in the absence of
dripping usm%a 75 percent/25 percent uncertainty/variability partition ratio, the 50" uncertainty percentile,
and the 0, 50", and 100" variability percentsle corrosion rates.
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Figure 5-30. The cumulative distribution functions for the general corrosion rate of Alloy 22 at 100°C in
the pH = 3 to 10, 340mV SHE dripping environment from the Waste Package Degradation Expert
Elicitation (Pendleton 1998). ' :
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Figure 5-31. The cumulative distribution functions for the general corrosion rate of Alloy 22 at 100°C in

the pH = 2.5, 340mV SHE dripping environment from the Waste Package Degradation Expert Elicitation
(Pendleton 1998).
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Figure 5-32. The cumulative distribution functions for the general corrosion rate of Alioy 22 at 100°C in
the pH = 2.5, 640mV SHE dripping environment from the Waste Package Degradation Expert Elicitation
(Pendieton 1988). '
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Figure 5-33. The cumulative distribution functions for the aggregate general corrosion rate of Alloy 22 at
100°C in all dripping environments and the resultant composite CDF. The corrosion potentials are with
respect to standard hydrogen electrode (SHE) scale. :
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Figure 5-34. The cumulative distribution functions for the aggregate general corrosion rate of Alioy 22 at
50°C in all dripping environments and the resultant composite CDF. The corrosion potentials are with
respect to standard hydrogen electrode (SHE) scale.
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Figure 5-35. The cumulative distribution functions for the aggregate general corrosion rate of Alioy 22 at
25°C in all dripping environments and the resultant composite CDF. The corrosion potentials are with
respect to standard hydrogen electrode (SHE) scale.
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Flgure 5-36. Comparison of WPDEE results with project and literature data on Alioy 22 general corrosion
rates in various testing conditions.
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Figure 5-37. The variability cumulative distribution functions for the general corrosion rate of Alloy 22 at
25, 50, and 100°C in presence of dripping using a 50 percent/50 percent uncertainty/variability partition
ratio and the 50th uncertainty percentile.
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Figure 5-38. The variability cumulative distribution functions for the general corrosion rate of Alloy 22 at
100°C in the presence of dripping using 25 percent/75 percent, 50 percent/50 percent, and 75 percent/25
percent uncertainty/variability partition ratios and the 50th uncertainty percentile.
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Figure 5-39. The variability cumulative distribution functions for the general corrosion rate of Alloy 22 at

100°C in the presence of dripping using a 50 percent/50 percent uncertainty/variability partition ratio and
the 5th, 50th, and 95th uncertainty percentiles.
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Figure 5-40. Alloy 22 CRM general corrosion depth variation with time up to 10,000 years at 100°C in the
presence of dripping using a 50 percent/50 percent uncertainty/variability partition ratio, the 50th
uncertainty percentile, and the 0, 50th, and 100th variability percentile corrosion rates.
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Figure 5-41. Alloy 22 CRM generél corrosion depth variation with time up to 1,000,000 years at 100°C in

the presence of dripping using a 50 percent/50 percent uncertainty/variability partition ratio, the 50th
uncertainty percentile, and the 0, 50th, and 100th variability percentile corrosion rates.
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Figure 5-42. Localized corrosion rate of the inner barrier as a function of temperature .predictéd by the
CRM localized corrosion model at 1,000 year exposure time. The mean of the model and 2 and 3
standard deviations of the mean are shown.
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Figure 5-43. Localized corrosion rate of the inner barrier as a function of temperature predicted by the
CRM localized corrosion model at 100,000 year exposure time. The mean of the model and 2 and 3

standard deviations of the mean are shown.
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Figure 5-44. Localized corrosion depth of the inner barrier as a function of exposure time predicted by
the CRM localized corrosion model at 90°C. The mean of the model and 2 and 3 standard deviations of

the mean are shown.
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Figure 5-45. Localized corrosion depth of the innér barrier as a function of exposure time predicted by
the CRM localized corrosion model at 60°C. The mean of the model and 2 and 3 standard deviations of

the mean are shown.
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Figure 5-46. Localized corrosion depth of the inner barrier as a function of exposuré time predicted by
the CRM localized corrosion model at 30°C. The mean of the model and 2 and 3 standard deviations of
the mean are shown.
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Figure 5-47. Cumulative Distribution Function for the temperature threshold for CAM corrosion initiation
from the WPDEE (CRWMS M&O 1997e).

B00000000-01717-4301-00005 REV00 F5-26 August 1998



1.00 7

EEmmmm—————— U T L R & )
L| ——=— J. Scully AN B |
Py F|—— J. Farmer i y l// ]
= _|=— D. McCright PO SR U4 N A
§ 075 T|— - P, Andresen | L // ’} ]
3 r|— — D. Shoesmith | ro ; 1
a I Aggregate / .:// , )
o 0.50 H ® Elicited Points , o4 -
= | = Median : Ve i ;
IS i , . : : g S : _
O S A | S
g 0.25 T ¢ Aggregate—- — /// : 7 ﬂ" T
& 2Ty .
R - A ]
0.00 r——mfimey e S e R
0 10 20 30 40 50 60 70

80

RH Threshold for Humid-Air Corrosion of CAM w/salt(%)

Figure 5-48. Cumulative Distribution Function for the relative humidity threshold for CAM humid air
corrosion initiation including the effects of salts from the WPDEE (CRWMS M&O 1997e).
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Figure 5-49. Cumulative Distribution Function for the relative humidity threshold for CAM humid air
corrosion initiation from the WPDEE (CRWMS M&O 1997e).
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Figure 5-52. Main flow chart for WAPDEG.
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Figure 5-53. Flow chart for CAM General Corrosion Modeling.
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Figure 5-54. Flow chart for CAM Corrosion Modeling with roughness factor or high-aspect ratio pit growth
law.
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Figure 5-57. Temperature versus time history for waste package groups in the NE region, spent nuclear
fuel, long-term average, nominal infiltration, Cmean, @and no backfill.
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Figure 5-58. Relative humidity versus time history of waste package groups in the NE region, spent
nuclear fuel, long-term average, nominal infiltration, ttmean, and no backfill.
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Figure 5-59. First breach, first pit-breach, and first patch-breach profiles of waste packages with time for
the base case waste package degradation.

1.0 F 1 i """! T Ll T 1 T 11| T T llllll-‘

0.9 + : —— 10,000 years |3
0 £ — - 50,000 years |3
8‘: 0.8 c —— 100,000 years |1
207% —- - 1,000,000 years |3
© 0.6 + ' ~
o E E
5 90 F
c' 04 ¢ 3
§e) 3 3
o 0.2 T | | E
BRI e e a e —

10° 10! 102 _ 108 _

WAPDEG Version 3.07
4/2/98

# Pit Penetrations

‘Figure 5-80. Number of pit perforations in waste packages at different times for the base case waste
package degradation.
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Figure 5-61. Number of patch perforations in waste packages for the base case waste package
degradation.
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Figure 5-62. Sensitivity of the first breach profiles of waste packages with time to different relative
humidity and temperature conditions at the waste package surface in six different repository regions.
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Figure 5-63. Sensitivity of the first pit-breach profiles of waste packages with time to different relative
humidity and temperature conditions at the waste package surface in six different repository regions.
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Figure 5-64. Sensitivity of the first patch-breach profiles of waste packages with time to different relative
humidity and temperature conditions at the waste package surface in six different repository regions.
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Figure 5-65. Sensitivity of the first breach profiles of waste packages with time to different surface
fractions of the waste package surface wetted by drips.
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Figure 5-66. Sensitivity of the first pit-breach profiles of waste packages with time to different surface
fractions of the waste package surface wetted by drips.
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Figure 5-67. Sensitivity of the first patch-breach profiles of waste packages with time to different surface
fractions of the waste package surface wetted by drips.

1.0 T T T T T T T T T T ™ T T T T TT]
0.9 1 1%
0.8 - e e ™ - 10%
| == 100%
0.7 - ' (Base Case)

Fraction of Packages Failed
o0 00O
N WL OO
i 1 [ { 1

sraloaaadaaaeboseabonsgdunerlonasluroalapeglysy

T T T O O T T YT T T T (Y T T

O O ¢
o -
|

T | gt svinodedd. bon

101 102 108
WAPDEG Version 3.09

# Patch Penetrations &/1298

. llllll]{ 1 1 1.t .4 131

iy
o
o

Figure 5-68. Sensitivity of the number of patch perforations in waste packages at 50,000 years to
different surface fractions of the waste package surface wetted by drips.
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Figure 5-63. Sensitivity of the number of patch perforations in waste packages at 100,000 years to
different surface fractions of the waste package surface wetted by drips.
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Figure 5-70. Sensitivity of the first breach profiles of waste packages with time to different patch sizes.
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Figure 5-73. Sensmwty of the number of patch perforations at 50,000 years in waste packages to
different patch sizes.
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Figure 5-74. Sensmwty of the number of patch perforations at 100,000 years in waste packages to
dlfferent patch sizes.
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Figure 5-75. Sensitivity of the first breach, first pit-breach, and first patch-breach profiles of waste
packages with time to high-aspect ratio pitting corrosion of the CAM under alkaline dripping condition
(pH=10) for the first 10,000 years after emplacement.
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Figure 5-76. Sensitivity of the first breach, first pit-breach, and first patch-breach profiles of waste
packages with time to high-aspect ratio pitting corrosion of the CAM under alkaline dripping condition (pH

> 10) for the first 10,000 years after emplacement.
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Figure 5-77. Sensitivity of the first breach, first pit-breach, and first patch-breach profiles of waste
packages with time to enhanced general corrosion rates of the CAM under an assumed condition of
sustained microbiologically influenced corrosion. '
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Figure 5-78. Sensitivity of the number of pit perforations at different times in waste packages to

enhanced general corrosion rates of the CAM under an assumed condition of sustained microbiologically
influenced corrosion,
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Figure 5-79. Sensitivity of the number of patch perforations at different times in waste packages to
enhanced general corrosion rates of the CAM under an assumed condition of sustained microbiologically
influenced corrosion. -
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Figure 5-80. Sensitivity of the first breach profiles of waste packages with time to alternative allocations

for the variability and uncertainty of the CRM general corrosion rate variance under dripping and
alternative median rates.
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Figure 5-81. Sensitivity of the first patch-breach profiles of waste packages with time to alternative
allocations for the variability and uncertainty of the CRM general corrosion rate variance under dripping
and alternative median rates. ‘
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Figure 5-82. Sensitivity of the number of patch perforations in waste packages at 10,000 years to
alternative allocations for the variability and uncertainty of the CRM general corrosion rate variance under
dripping and alternative median rates. ’
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Figure 5-83. Sensitivity of the number of patch perforations in waste packages at 100,000 years to
alternative allocations for the variability and uncertainty of the CRM general corrosion rate variance under
dripping and alternative median rates.
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Figure 5-84. Cumulative distribution functions for the composite CRM general corrosion rates with drips
at three temperatures, provided by Peter Andresen.

B00000000-01717-4301-00005 REV00 F5-47 August 1998



1_00 T T T T T TTTT] T T T 177

: T T
> [ |—— 25°C e 4 :
= [ |—— 50°C / /o )
2 075 1 {— - 100°C - ..//.. /. .
o i -/ -/ = i
v 050 T AR A
8 | - S
3 - : : ]
E 0.25 T VA ]
O i ' ' / ]

- : e )

0.00 F—selme il iy g

10 107 106 105 104 108 102
General Corrosion Rate (mm/yr)

Figure 5-85. Cumulative distribution functions for the composite CRM general corrosion rates with drips
at three temperatures, provided by Joseph Farmer.

- 1.00 AR T — T A
g F —— CAM / V-
A : — - Base Case S/ ]
o 0.75 + —— J. Farmer / -// P
o : — P.And 3
> : resen /| E
X o : A .
& 0.50 _é"..""";.JJ“ :
E: . _Base Case ﬁ’// ]
o s : / =
S 025 A -
B : e /:
o F : : //_/ : 3
g S E e~ .
0.00 . el et erurar
103 104 10° 108
Time (yearS) z:/ggss Version 3.09

Figure 5-86. Sensitivity of the first breach profiles of waste packages with time to two end members of
the expert elicitation for CRM general corrosion rate distribution under dripping condition.
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Figure 5-87. Sensitivity of the first patch-breach profiles of waste packages with time to two end
members of the expert elicitation for CRM general corrosion rate distribution under dripping condition.

1 ,0 T T T~ T TTITY T T T—TT J F
8, , . Farmer
o 0.9 Tob L, “|—— 10,000 years
© 0.8 Ry - |— 50,000 years
€074 . - . .. e . .. .|—=- 100,000years
x .
3] _ J.Farmer _. e, | * 1,000,000 years
© 0.6 P. Andresen
o 1,000,000 years N
w 05+ - « = « - - i,\ - 10,000 years
o ' _ - 50,000 years
S c4 - P: Andresen - ‘s,,“ —— 100,000 years
£ 0.3 1,000,000 years, * . 1,000,000 years.
o : 3 E
5 02 g \A‘ E
-.0.1 o ER S -
0.0 i 1 nhl-'.~ -l 1 li L n“ Al -1
1 10 100 1000

WAPDEG Version 3.09

# of Patch Penetrations sws8

Figure 5-88. Sensitivity of the number of patch perforations in waste packages to two end members of
the expert elicitation for CRM general corrosion rate distribution under dripping condition. -
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Figure 5-89. Temperature profiles of different waste package groups in the NE region in the presence of
backfill emplaced at 100 years after waste emplacement.
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Figure 5-90. Relative humidity profiles of different waste package groups in the NE region in the
presence of backfill emplaced at 100 years after waste emplacement.
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Figure 5-91. Sensitivity of the first breach profiles of waste packages with time to different relative
humidity and temperature conditions at the waste package surface in the presence of backfill in six
different repository regions. :
_c 1_00 " T T T T Ty T T v vrrrrg T T 1 LIV T T Illlll:
Q E - CC ; . E
E £l —— NE ° 3
- 0.75 | —*— NW 3
- 3 | —— SC E
o)) Fl—— SE ]
£ | —— sw E
g 0.50 £——— - 3
o : ]
5 E
,5 0.25 +- - . -
b = o9
3] ]
N i
L i i Al = T
000 — ----n} TR S .| M
102 103 104 105 . . 108
. WAPDEG Version 3.09
| Time (years) 52188
Figure 5-92. Sensitivity of the first pit-breach proﬁles of waste packages with time to different relative
humidity and temperature conditions at the waste package surface in the presence of backfill in six
different repository regions.
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Figure 5-93. Sensitivity of the first patch-breach profiles of waste packages with time to different relative
humidity and temperature conditions at the waste package surface in the presence of backfill in six
different repository regions.
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Figure 5-95. Profile of waste packages with the ceramic coatin
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Figure 5-96. Sensitivity of the first breach profiles of waste packages with time to the varying CAM
thickness.
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Figure 5-99. Sensitivity of the first breach profiles of waste packagés with time to the varying CRM
thickness.
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Figure 5-101. Sensitivity of the first patch-breach profiles of waste packages with time to the varying
CRM thickness.
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Table 5- 1 Dimensions of Three Representative Waste Package Types (Benton 1997).

Outer Outer Length Outer Length .Outer Barrier | Inner Barrier

Diameter | with Extensions | without Extensions Thickness Thickness
Waste Package Type (meter) {meter)" {meter)* (meter) {meter)
21 Pressurized Water 1.65 534 4.89 0.10 0.02
Reactor (PWR) Waste
Package
44 Boiling Water 1.60 5.34 4.89 0.10 0.02
Reactor (BWR) Waste
Package
Co-disposal Waste 1.97 5.30 4.85 0.10 - 0.02

Package®

a. Waste package has the outer bamier extensions for lifting 0.225 meters on each end.
b. Co-disposal waste package includes five defense high-level waste (DHLW) canisters with one DOE spent nuclear fuel (DSNF)

canister.
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Table 5- 2 Humid-Air Corrosion Data Used in the Model Development.

Time | Tag | RHavg | [SO2] | Depth | Rate trew | Trew | RHnew |R@tenew
(years)! (°C) | (%) m7)| (um) |(umiyr)| fr0 |(years)| (°C) | (%) |[(umvyr) Remarks
1 lo2s s 78 |71.14 1775 |71.01 lo772 Jo1e  leso  lss77 l91.97 lcarbon steet: urban
2 Joso s {78 |71.14 2367 |47.34 |0772 [0.39 |6.60 |85.77 161.32 |area.
3 |1.00 |8 78 (7114 -|3551 |3551 |0.772 [0.77 {660 |85.77 |45.99 ILetnany
4 200 |8 78 |71.14 {7101 |3551 lo.772 [1.54 660 |85.77 [45.99
5 {500 |8 78 |71.14 1118.35 |23.67 l0.772 |3.86 [6.60 l85.77 |30.66
6 |10.00 |8 78 |71.14 {150.90 |15.09 J0.772. |7.72 l6.60 |8s5.77 |19.54
7 loso |8 81 89.27 [67.14 13420 |0.820 (041 (7.05 (8647 [163.69 E;':n”s’ee';
1.00 |8 81 |sg27 Is571 |ss5.71 lo.820 l0.82 |7.05 I86.47 [104.48 |area.
2.00 I8 81 89.27 |107.14 |53.57 [0.820 [1.64 |7.05 |86.47 [65.30 |Letnany
10_|3.00 |8 81 89.27 |131.43 14381 0820 [o46 705 |ss47 |53.40
11_|s.00 |8 81 89.27 |150.00 |30.00 |o.§zg 410 |7.05 {86.47 |36.57
12 |10.00 |8 81 89.27 |190.00 [19.00 lo.820 l820 [r.0s |ss.4z |23.1e
13 loso |10 |76 |ss.47 2143 4286 o732 lo37 a3z s5.11 |58.51 |carbon steel: rural
14 1100 |10 |76 |s647 4214 la214 l0732 lo73 |s33 les11 |s7sa larea.
15_[2.00 |10 |76 |s6.47 |ss57 |poze lo732 146 ls3s lss11 |s0.98 [Hurbanove
16 13.00 |10 |76 |s6.47 [71.43 |23.81 l0732 220 [8.33 lss.11 |32.51
17_|5.00 |10 |76 . |36.47 |90.00 |18.00 |0.732 |366 [8.33 |s5.11 |ca.ss
18_[10.00 {10 I76  [36.47 [111.43 |11.14 (0732 (732 [8.33 8511 |15.21
19 100 118 I84 206 [19.18 [19.18 |0.849 |0.85 [17.68 |86.17 [22.60 |carbon steel; rural
20 |poo |18 |sa 206 [c6.66 [|13.33 [0.849 [1.70 1768 |86.17 |1571 |area.
21 1300 |18 |84 |206 (3232 (1077 [0.849 j255 [17.68 |86.17 [12.70 |Dalat
22 1400 |18 |84  |206 |37.06 |9.26 l0.849 [3.39 J17.68 |se.17 l10.92.
23 1500 18 84 206 (4120 |824 |0.849 [424 |17.68 [s6.17 l9.71
24 |1.00 |23 |83  |2.06 [20.58 |20.58 [0.830 |0.83 [22.61 (8539 |24.80 |carbon steel: rural
25 200 |23 83 206 |37.33 |1866 |0.830 |1.66 [2261 |85.30 |2249 larea,
26 [3.00 |23 |83 |p0s |s28s |17.63 |0.830 [2.49 I2261 [85.39 |21.24 |Vinhphu
27 1400 23  Is3  lo0s 6770 (1692 [0.830 |3.32 2261 |85.39 [20.40 '
28 |5.00 (23 sz loos ls20o lic40 lo.szo la1s looe1 lssse l1976
20 11.00 24 |s2  |206 [3231 (3231 [0.815 [0.81 [23.48 [85.08 |39.66 |carbon steel: urban
30 200 o4 a2 jgos 56.37 [28.19 [0815 [1.63 |23.48 |85.03 [34.59 |area.
31_[300 24 |82 206 |[78.07 [26.02 [0.815 [2.44 (2348 |85.03 |31.84 |Hanoi
32 1400 24 |s2  |206 |98.36 |24.50 |0.815 [3.26 [23.48 |85.08 |30.18
33 |5.00 |24 js2  |o.06  [117.66 [23.53 l0.815 [a.07 t3.48. 85.03 |28.88
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Table 5-2. (continued).

Time | Tavg | RHawg [Sozl Depth | Rate trew | Tnew | RHnew |Ratenew
(vears)| (°C) | (%) |(ug/m”) (um) yr)| _fro  |(years)| (°C) (%) {(um/yr) Remarks
34 11.00 |27 83 3.61 38.44 138.44 |0.825 10.83 [26.68 84.97 |46.60 |carbon steel; urban
35 12.00 27 83 3.61 61.12 130.56 10.825 |1.65 26.68 |84.97 {37.04 |area.
36 13.00 27 83 3.61 80.17 |26.72 10.825 (2.48 26.68 |84.97 |32.39 |HoChiMinh
37 _14.00 27 83 3.61 97.18 |24.30 (0.825 13.30 26.68 184.97 129.45
38 {5.00 27 83 3.61 112.83 {22.67 |0.8256 14.13 26.68 184.97 27.35
39 [1.00 |22 81 57.25 [61.41 [61.41 [0.803 [0.80 21.29 |85.00 |76.50 |carbon steel; rurai-
40 [2.00 22 81 57.25 |92.24 |46.12 [0.803 |1.61 21.29 |85.00 |57.46 jurban area.
~ 141 13.00 22 81 57.25 [117.02 |89.01 {0.803 |2.41 21.29 |85.00 |48.60 [Tsing-Hua
42 400 |22 81 57.25 [138.55 |34.64 |0.803 [3.21 |21.20 185.00 [43.16
43 16.00 22 81 57.25 (157.94 131.59 10.803 ]4.01 21.29 {85.00 |39.36
44 18.00 22 81 57.25 |208.12 126,02 [0.803 16.42 21.29 - 85.00 [32.41
45 11.00 25 77 42.44 |42.83 |42.83 [0.732 10.73 23.74 |83.75 [58.53 carbon steel; rural-
46 12.00 25 77 42.44 169.05 [34.52 lo.732 |1.46 23.74 |83.75 |47.18 |urban area.
|47 __[3.00 25 - 77 42.44 [91.30 13043 [0.732 2.20 23.74 {83.756 [41.59 {Sun Yat-Sen
48 14.00 25 77 42.44 1111.32 |27.83_10.732 |2.93 23.74 83.75 (38.03
49 [5.00 25 77 42.44 1129.82 |25.96 [0.732 i3.66 23.74 [83.75 [35.48
50 [8.00 25 77 42.44 [179.46 [22.43 [0.732 |5.85 23.74 |83.75 130.65
51 _11.00 |25 77 42.44 l4278 |4278 0732 073 [23.74 |83.75 158.46 carbon steel; rural-
52 {2.00 25 77 _ 42.44 16373 |31.87 [0.732 11.46 [23.74 183.75 143.54 |urban area.
.153 13.00 25 77 42.44 |80.46 (26.82 10.732 {2.20 23.74 |83.75 [36.65 {Sun Ya_t-Sen 4
54 14.00 25 77 42.44 [94.94 [23.73 10.732 |2.93 23.74 |83.75 {3243
55 |5.00 |25 77 42.44 |107.93 2159 [0732 |3.66 2374 [83.75 [29.50
56 |8.00 25 77 4244 |141.43 |17.68 10.732 585 |23.74 |83.75 124.16
57 |1.00 [27 ~ |83 587 |45.00 |45.00 10.825 |0.83 |26.68 [84.97 |54.54 (wrought iron;
58 [2.00 |27 83 58.7 |81.00 [40.50 ]0.825 [1.65 26.68 (84.97 149.09 |tropical area.
59 14.00 27 83 58.7 121.00 |30.25 |0.825 |3.30 26.68 |84.97 |36.67 |Aston wrought
60 i8.00 27 83 58.7 175.00 |21.88 10.825 [6.60 |26.68 [84.97 26.51 |Pickled
61 |16.00 [27 83 58.7 |310.00 {19.38 10.825 113.20 [26.68 184.97 123.48
62 11.00 |27 83 |s87 |42.00 142.00 0.825 |0.83 [26.68 |84.97 |50.91 Iwrought iron;
63 12.00 27 83 58.7 80.00 (40.00 j0.825 {1.65 26.68 |84.97 |48.48 |tropical area.
64 {4.00 27 83 58.7 118.00 [29.50 10.825 13.30 26.68 |84.97 |35.76 |Miliscale
65 _18.00 27 83 58.7 182.00 {22.70 |0.825 16.60 26.68 184.97 [27.58 '
66 |16.00 |27 83 587 |290.00 |19.00 [0.825 [13.20 |26.68 [84.97 [21.97
67 (1.00 |27 83 58.7 135.00 |35.00 [0.825 0.83 [26.68 |84.97 142.42 |carbon steel;
68 (2.00 {27 83 587 165.00 32,50 }0.825 [1.65 |26.68 |84.97 [39.39 l|tropical area.
69 14.00 27 83 58.7 106.00 [26.50 10.825 {3.30 26.68 |84.97 132.12 |Pickled
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Table 5-2. (continued).

Time | Tavg | RHawg [so,,l’ Depth | Rate trow | Tnew | RHnew |Ratenew

(vears)| (°C) | (%) {(ug/m’)| (um) |(um/yr)| fro |(vears)| (°C) | (%) |(umiyr) Remarks
70 18.00 {27 83 58.7 _1160.00 [20.00 |0.825 16.60 |26.68 [84.97 [24.24
71 [16.00 |27 83  [58.7 1290.00 {18.13 ]0.825 13.20 26.68 |84.97 [21.97
72 |1.00 |27 83 58.7 |38.00 38.00 10.825 [0.83 |26.68 [84.97 46.06 |carbon steel;
73 _[2.00 |27 83 58.7 (71.00 |35.50 10.825 |1.65 [26.68 84.97 [43.03 |tropical area.
74 j4.00 |27 83 58.7  ]105.00 {26.25 10.825 |3.30 [26.68 [84.97 [31.82 |Millscale
75 |8.00 |27 l83 58.7 _ |163.00 {20.38 [0.825 |6.60 |26.68 |84.97 [24.70
76 [16.00 (27 83 58.7 _1304.00 119.00 10.825 {13.20 |26.68 |84.97 [23.03
77_11.00 |27 83 58.7 _ |35.00 {3500 [0.825 [0.83 |26.68 |84.97 (42.42 |carbon steel;
78 |2.00 |27 83 58.7 {57.00 |28.50 [0.825 {1.65 [26.68 [84.97 |34.54 |tropical area.
79 14.00 |27 83 58.7 _ 186.00 |21.50 10.825 |3.30 1;6.68 84.97 |26.06 |Machined
80 |8.00 {27 83 - |58.7 |128.00 |16.00 ]0.825 |6.60 |26.68 184.97 [19.39
81 116.00 |27 83 58.7 |218.00 |13.63 0.825 [13.20 [26.68 [84.97 [16.51
82 11.00 (27 83 58.7 131.00 [31.00 |0.825 0.83 [26.68 |84.97 |37.57 |castiron; tropical |
83 |2.00 - |27 83 58.7 151.00 |25.50 ]0.825 |[1.65 |26.68 |84.97 |30.91 |area.
84 14.00 |27 83 58.7 [79.00 |19.75 ]0.825 |3.30 [26.68 [84.97 [23.94 |Machined
85 |8.00 |27 83 58.7 115.00 14.13 |0.825 |6.60 |26.68 |84.97 117.12
86 [16.00 {27 |83 58.7 119100 {11.94 ]0.825 |13.20 [26.68 |84.97 |14.47
87 ]1.00 |27 '83 58.7 |25.00 [25.00 [0.825 [0.83 [26.68 [84.97 !30.30  |gray castiron;
88 |2.00 |27 |83 58.7 142.00 121.00 Jo.ags 165 |26.68 [84.97 |25.45 |tropical area.
89 14.00 |27 83 58.7 169.00 [17.25 I0.8_2_5 3.30 {26.68 184.97 120.91 |Machined
90 18.00 27 83 58.7 99.00 |12.38 10.825 16.60 |26.68 {84.97 [15.00
91 116.00 (27 83 58.7 |151.00 |9.44 [0.825 [13.20 [26.68 [84.97 [11.44
92 11.00 |10 68 20.0 |31.82 i31.82 [0.554 |0.56 |7.12 |83.51 |57.47 |carbon steel; rural
93 12.00 10 68 20.0 |52.28 ]26.14_10.554 |1.11 7.12  |83.51 |47.21 a@ i
94 14.00 10 68 20.0 |86.92 |21.73 ]0.554 |2.21 7.12 _ {83.51 |39.25 |Saylorsburg, PA
95 18.00 {10 68 20.0  129.52 {16.19 10.554 1443 [7.12 |83.561 {20.24
96 |1.00 13 66 1245.0 150.00 150.00 ]0.502 |0.50 {9.87 |82.84 {99.61 carbbn steel; urban .
97 1200 |13 66 245.0 |65.90 [32.95 Jo.sog 1.00 [9.87 |82.84 165.64 |area.
98 14.00 13 66 245.0 181.24 120.31 10.502 |2.01 9.87 [82.84 140.46 |Newark, NJ
g9 [8.00 113 66 2450 [101.68 {12.71 10.502 |4.02 |9.87 182.84 125.32
100 |1.50 10 68 20.00 {44.00 [28.33 10.5564 10.83 {7.12 |83.51 |52.98 |carbon steel; semi-
101 i3.50 10 68 20.00 {73.00 [20.86 [0.554 {194 |7.12 |83.51 |37.67 |rural area.
102 {7.50 10 68 20.00 [117.00 |15.60 [0.554 14.15 {7.12 183.51 (28.17 |S. Bend, PA
103 [15.50 |10 68 20.00 [179.00 111.55 10.554 i8.58 |7.12 183.51 |20.86
104 11.50 10 71 300.0 |56.00 |37.33 [0.625 [0.94 |7.58 [84.07 |59.70 |carbon steel;
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Table 5-2. (continued).
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Time | Tavg | RHawg [so,l)_ Depth | Rate tnew Tnew | RHnew |Rat€new

(years)| (°C) | (%) |(ug/m™)| (um) i(umiyr)! fro |(years)! (°C) | (%) |(um/yr) Remarks
105 [3.50 |10 71 300.0 [93.00 |26.57 |0.625 |2.19 |7.58  |84.07 [42.49 |semi-industrial
106 [7.50 110 71 3000 [130.00 |17.33 lo.625 469 |758 [84.07 [27.72 larea.
107 {15.50 |10 71 300.0 [193.39 {1248 [0.625 [9.69 [7.58 84.07 [19.95 |Monroeville, PA
108 [0.50 |13 66 2450 |35.00 7000 |0.502 025 [9.87 |82.84 [139.46 |carbon steel;
109 |1.50 |13 66 245.0 160.00 [40.00 [0.502 [0.75 |9.87 |82.84 |79.69 lindustrial area.
110 [3.50 |13 66 2450 |84.00 |24.00 los02 [176 lo.87  |82.84 |47.81 |Newark, Ny
111 [7.50 __[13 66 245.0 [104.00 |13.87 |0.502 |3.76 |9.87 8284 |27.63
112 [15.50 |13 66 2450 |134.00 |8.65 l0.502 [7.78  l0.87 |s2.84 |17.22
113 10.33 |10 - |65 406 |19.22 |58.24 0480 |0.16 667 |82.99 [121.41 |urban area.
114 [0.67__ |10 65 406 13048 |45.72 [0.480 Jo.az 6.67__ |82.99 19531 |Chicago
115 [1.33 |10 65 la06  Is2.8  |30.60 |0.480 |o.64 6.67 |82.99 |82.55
116 [0.33 |10 65 406 |18.59 [56.33 0480 [0.16 [6.67 (8299 [117.43
117 _j0.67 |10 65 406 |30.42 [45.63 [0.480 [0.32 |6.67  [82.99 |95.12
118 [1.33 |10 65 406 145.64 |34.23 |o.4ao 0.64 ls.s7 82.99 |71.36
119 10.33 |12 69 79 14.64 |44.36 0576 [0.19 |9.31  |83.48 [77.04 |urbanarea.
120 |0.67 |12 69 79 18.94 |28.41 |0.576 [0.38 {9.31  [83.48 [49.33 |Cincinnati
121 [1.33 |12 69 79 23.18 |17.39 l0.576 [0.77__{9.31 _ |83.48 [30.19
122 [267 |12 69 79 28.82 1081 [0.576 [1.54 [9.31 |8348 |18.77
123 [5.33 |12 69 79 37.98 [7.12  |0.576 [3.07 19.31 [83.48 [12.37
124 10.33 |12 ) 14.05 |42.58 |0.576 10.19 |9.31 {83.48 [73.93
125 {0.67 |12 69 79 18.13 |27.19 (0576 [0.38 |9.31 |83.48 |47.22
126 11.33 |12 69 79 2251 [16.88 |0.576 |0.77 19.31 _|83.48 [290.32
127 [2.67 112 69 79 281 |1054 l0.576 |1.54 le31  |8s.48 [18.30
128 (5.33 |12 . {69 79 37.34 |7.00 |0.576 [3.07 [9.31 [83.48 [12.16
112 10.33 |5 67 118 1224 |s57.00 lo53s lo18  [1.80 8386 |69.48 |urban area.
130 l0.67__|5 67 118 [25.12 |37.68 [0.534 [0.36 |1.89 |83.86 |70.59 |Detroit
131 /133 |5 67 118 [34.19 (2564 [0.534 10.71 [1.89 [83.86 48.04
132 |2.67__|5 67 118 |49.95 [18.73 |0.534 (1.42 [1.89 [83.86 |35.09
133 |5.33 |5 67- [118  [74.13 [13.90 [0.534 [2.85 {1.89 |83.86 [26.04
134 033 |5 le7 118 [|16.12 |48.85 0534 l0.18 |1.89 |83.86 |91.51
135 |0.67 |5 67 118 |24.39 !36.58 [0.534 [0.36 {1.89 |83.86 |68.54
136 133 |5 167 118 |33.64 Jrﬁs 0.534 10.71_ |1.89 [83.86 |47.26
137 |12.67 |5 67 118 |50.15 [18.81 [0.534 {142 {1.89 |83.86 |35.23
138 [5.33 |5 67 118 [74.07 11389 0534 285 1189 |83.86 [26.02
139 l0.33__|16 70 39 972 2945 |0.595 020 |13.53 [83.25 149.48 |urban area.
140 |0.67__ |16 70 39 11.63 |17.44 [0.595 |0.40 |13.53 |83.25 |Los Angeles
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Table 5-2. (continued).

Time | Tayg | RHavyg [Sozlj Depth | Rate toew Trew | RHnew [Ratenew
(years)| (°C) | (%) m7)| (um) |(um/yr)| fro |(vears)| (°C) | (%) [(umiyr) Remarks.

141 [1.33 |16 70 39 15.97 |11.98 |0.595 [0.79 [13.53 [83.25 |20.12

142 12.67 |16 70 39 19.57 17.34 10595 1159 1353 [83.25 [12.33

143 |5.33 |16 70 39 25.81 |4.84 10.595 |3.17 [|13.53 ([83.25 8.13

144 033 |16 70 39 8.98 |27.21 {0.595 |0.20 |13.53 [83.25 {45.72

145 10.67 |16 70 39 1042 |15.63 |0.595 040 |13.53 [83.25 |26.26

146 11.33 |16 70 139 1482 |11.12 |0.595 [0.79 {13.53 |83.25 |18.67

147 |2.67 |16 70 39 1871 |7.02 o595 [1.59 [13.53 |83.25 |11.79

148 |5.33 |16 70 39 24.83 -|4.66 10595 [3.17 [13.53 |83.25 [7.82

149 10.33 |19 77 24 10.12 _[30.67 |0.739 0.24 |17.64 |84.38 141.47 |urban area.
150 l0.67 |19 77 24 16.51 124.76 |o.739 049 117.64 [84.38 [33.49 |New Orleans
151 |1.33 |19 77 24 j24.52 118.39 |0.739 099 117.64 184.38 124.87

152 |2.67 |19 77 24 35.38  [13.27 Io.739 1.97 117.64 [84.38 {17.94

153 [0.33 |19 77 24 |8.56  |25.94 lo.739' 0.24 {17.64 |84.38 135.08
|154 jo.67 |19 |77 24 14.82 |22.23 |0.739 |049 [17.64 [84.38 [30.06

155 [1.33 |19 77 24 23.48 |17.61 [0.739 [0.99 [17.64 |84.38 [23.81

156 [2.67 |19 77 24 34.85 [13.07 [0.739 [1.97 |17.64 {84.38 17.67

157 10.33 |12 66 218 [19.5 |s9.09 l0.503 lo.17_ [8.85 [82.94 [117.53 jurban area.
158 [0.67 |12 66 218 [24.16 |36.24 |0.503 |o.34 |s.35 82.94 |72.08 |Philadelphia
159 |1.33 |12 " i66 218 [32.09 |24.07 0.503 |o.67 |8.85 82.94 147.87

160 |2.67 |12 66 [218 __ |41.37 |15.51 |0.503 |1.34 ls.ss 82.94 130.86

161 15.33 |12 66 218|515 -~ 19.66  10.503 |2.68 [8.85 82.94 |19.21

162 10.33 {12 66 218 118.09 |54.82 10.503 [0.17 la.as 82.94 [109.03

163 |0.67 |12 66 218 |23.16 |34.74 10.503 |0.34 la.ss 82.94 169.10

164 [1.33 |12 66 218 |31.54 |23.66 10.503 I0.67 |8.85 82.94 |47.05

165 |2.67 12 66 218 140.41 [15.15 10.503 |1.34 |8.85 82.94 [30.14

166 |5.33 |12 66 218 }50.95 19.55 10.508 |2.68 |8.85 82.94 119.00

167 10.33 {13 73 34 10.8 [32.73 10.667 [0.22 |10.93 |84.16 149.09 |urban area.
168 |0.67 {13 73 34 17.74_|26.61 10.667 70.44 10.93 [84.16 |39.92 |San Francisco
169 |1.33 |13 73 34 28.61 [21.46 |0.667 [0.89 (1093 |84.16 |32.19

170 [2.67 |13 73 34 4144 1554 lo.667 |1.78_ 1093 |s4.16 23.31

171 §5.33 13 73 34 57.36 110.76 [0.667 [3.56 110.93 |84.16 [16.13

172 10.33 13 73 34 |8.57 _|25.97 lo.667 l0.22 {10.93 84.16_[38.96

173 lo.67__ 13 73 34 16.34 |24.51 |0.667 [0.44 [10.93 i84.16 [36.77

174 1133 13 73 34 27.95 |2096 [0.667 |0.89 [10.93 |84.16 [31.44

175 |2.67 |13 73 34 41.18 {1544 |0.667 11.78 {10.93 |84.16 [23.16

176 |5.33  [13 73 34 57.94 '|10.86 10.667 [3.56 [10.93 |84.16 [16.30
B00000000-01717-4301-00005 REV00 T5-6
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Table 5-2. (continued).

Time | Ta | RHug | [SO;] | Depth | Rate toew | Tnew | RHnew |Ratenew

(years){ (°C) | (%) |{(pg/m’) ) umiyr)| fro |(vears)| (°C) | (%) |(umiyr) Remarks
1177 lo.33 |13 63 126 . [14.58 |44.18 10429 1014 942 |82.35 [102.98 |urban area.
178 |0.67 |13 63 126|205 {30.75 0429 (029 |942 |82.35 |71.68 |Washington, DC
179 ]1.33 |13 63 126 12587 {1940 0429 057 {942 [82.35 [45.23
180 |2.67 |13 63 126 |33.94 [12.73 10429 [1.14 [942 [82.35 [29.67
181 |5.33 |13 63 126 |43.04 {8.07 10429 229 (942 [82.35 |18.81
182 |0.33 |13 63 126 [13.14 [39.82 0429 (014 (942 [82.35 [92.81
183 |0.67__ |13 63 126 |19.34 [29.01 0429 |0.29 [9.42 |82.35 |67.62
184 11.33 13 63 126 |25.16 [18.87 0429 [0.57 [942 |82.35 |43.98
185 {2.67 (13 63 126 13335 [12.51 {0429 [1.14 |9.42 |82.35 |29.15
186 |5.33 |13 63 126 |42.59 {7.99 {0429 |2.29 [9.42 {8235 |18.61
B00000000-01717-4301-00005 REV00 T5-7
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Table 5- 3 Humid-Air Corrosion Roughness Factor Data at 16-Year Exposure Time
for Different Types of Steels.

Avg. of 20 Roughness Roughness
Sample Avg. depth Deepest Pit Deepest Pits Factor for Factor for 20
Material ID* {um) (um) {m) Deepest Pit Deepest Pits
pstonWrought | g9 310 940 559 3.03 1.80
pston Wrought | - 4199 290 1,499 1,016 5.17 3.50
Pickled Carbon
Steel 35 ?90 838 559 2.89 1.93
Millscale
Carbon Steel 34 304 1,143 686 _ 3.76 2.26
Machined
Carbon Steel 36 218 660 483 3.03 2.22
Machined Cast
Steel 70 191 787 457 412 2.39
Machined Grey | g 151 940 559 521 3.03

Cast lron

e  Sample identification used in Southwell and Buitman (1982).
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Table 5- 4 Aqueous General Corrosion Data Used in the Model Development.

Time (years) | Temperature (°C) | Depth (um) Comments

1 1 ) 27.78 195.58 Southwell & Alexander 1970

2 2 27.78 304.80 Table 2 - Class A

3 4 27.78 431.80 carbon steel; lake water

4 8 27.78 558.80 Panama - '

5 16 27.78 . |711.20

6 1 27.78 190.50 Southwell & Alexander 1970

7 2 27.78 304.80 Table 2 — Class B '

8 4 27.78 406.40 carbon steel; lake water

9 8 27.78 508.00 Panama

10 16 27.78 635.00

11 1 27.78 160.02 Southwell & Alexander 1970

12 2 27.78 241.30 Table 2~ Class C

13 4 27.78 355.60 carbon steel; lake water _

14 |8 27.78 482.60 Panama

15 16 27.78 635.00

16 1 27.78 200.66

17 127.78 304.80 Southwell & Alexander 1970

18 27.78 457.20 Table 2 -~ Class D

19 8 27.78 584.20 carbon steel; lake water

20 16 27.78 736.60 Panama

21 1 27.78 1208.28 Southwell & Alexander 1970

22 2 27.78 304.80 Table 2 ~Class M

23 4 27.78 355.60 cast steel; lake water

24 |8 27.78 482.60 Panama

25 16 27.78 660.40

261 27.78 177.80 Southwell & Alexandér 1970

27 2 27.78 304.80 Table 2 - Class O

28 4 _|27.78 381.00 cast iron; lake water

20 I 27.78 584.20 Panama

30 16 27.78 838.20

31 1 27.78 193.04 Southwell & Alexander 1970

32 |2 27.78 304.80 Table 2 - Class N ‘

33 4 ' 27.78 406.40 cast steel; lake water

34 1 27.78 200.66 Southwell & Alexander 1970

35 2 27.78 330.20 Table 2 - Class P
B00000000-01717-4301-00005 REV00 T5-9
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Table 5-4. (continued).

Time (years) Temperature (°C) | Depth (um) Comments
36 4 27.78 431.80 cast iron; lake water
37 11 15.00 182.90 Cobum 1978
38 1 15.00 161.80 Figure 4
39 1 15.00 135.50 carbon steel; river water
40 2 15.00 306.60 Charlerci, PA
41 2 15.00 236.80
42  I2 15.00 229.00
43 2 15.00 223.60
44 |2 15.00 210.60
45 |4 15.00 431.60
46 |4 15.00 410.40
47 14 15.00 389.60
48 14 15.00 294.80
49 s 15.00 863.20
50 |8 15.00 631.20
51 8 15.00 . 579.20
52 I8 15.00 442.40
53 |8 15.00 431.20
54 |1 15.00 106.60 Cobum 1978
5 15.00 103.90 Figure 4
56 1 15.00 100.00 carbon steél; river water
s57__ |2 15.00 - 189.40 Kittanning, PA
58 |2 15.00 176.20
50 |4 15.00 278.80
60 |4 15.00 273.60
61 4 15.00 260.40
62 |s 15.00 484.00
63 |8 -115.00 479.20
64 l0.27 5.00 11.76 Brasher & Mercer 1968
65 |0.27 25.00 9.60 Mercer et al. 1968
66 10.27 40.00 20.15 mild steel; distilled water
67 l0.27 60.00 42.73
68 [0.27 70.00 42.26
69 l0.27 80.00 18.35
70 lo.27 90.00 13.53
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Table 5- 5 Aqueous Corrosion Roughness Factor Data at 16-Year Exposure Time.

. Avg.20 : Roughneés Roughness
Sample Avg. depth Deepest Pit Deepest Pits Factor Factor Avg 20

Material iD* {um) (um) (um) Deepest Pit Deepest Pits
Wrought i
Carbon Steel A 711 2,362 1,829 3.32 2.57
Wrought , .
Carbon Steel B 635 2,388 1,651 3.76 2.60
Wrought .
Carbon Steel Cc 635 2,311 1,676 . 3.64 264
Wrought .
Carbon Steel, D 737 2,261 1,626 3.07 To2.21
0.3% Cu
Cast Steel M _ 660 3,556 2489 5.38 3.77

* Sampie identification used in Southwell and Alexander (1970).

Table 5- 6 Local Corrosion Environment Scenarios on the CRM and the Probabilities
of Occurrence from the WPDEE (Pendieton 1998).

Environment
. pH=3-10 ‘pH=25 : pH=25
- Expert 340 mV SHE 340 mV SHE 640 mV SHE
Andresen . 0.99 0.01 10°°
Farmer ‘ 0.45 0.45 0.10
McCright 0.94 0.05 0.01
Shoesmith . ' 0.98 0.01 Q.01
Average ' 0.84 0.13 0.03
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Table 5- 7 All the Corrosion Data for Alloy 22 Used in the Development of the Correlation of the Corrosion Rate (Pasupathi 1997).

Comments {dentification Exposure Time dp/dt Temperature NaCl FeCl; Alr
Data Source S/N Reference Hours pmiyr (°C) pH wt. % wt. % Fract. Sat.
Long Term Test - SAW DWA 001 4296 2.53E-02 60 2.7 4.616 0 1
Long Term Test - SAW DWA 003 4296 5.07E-02 60 2.7 4616 0 1
Long Term Test - SAW _DWB 001 4296 1.13E-01 60 2.7 4616 0 1
Long Term Test - SAW DWB 002 4296 1.64E-01 60 2.7 4616 0 1
Long Term Test - SAW DWB 003 4296 6.03E-02 60 27 4.616 0 1
Long Term Test - SAW DWB 005 4296 3.45E-02 60 2.7 4616 0 1
Long Term Test - SAW DWB 006 4296 3.47E-02 60 27 4.616 0 1
Polarization - NaCl unknown 1 3.00E-04 60 2.69 1 0 1
Polarization - NaCl 082697¢2 1 3.00E-03 60 6.53 5 0 1
Polarization - NaCl 082797¢2 1 2.01E-02 90 6.53 5 0 1
Polarization - NaCl 090996¢1 1 3.02E-02 90 6.83 10 0 1
Polarization - NaCl 102397¢1 1 2.01E-01 90 2.69 1 0 0
Polarization - NaCl 102497¢2 1 2.01E-01 90 2.67 1 0 0
Polarization - NaCl 102797¢1 1 2.01E-01 90 2.69 5 0 0
_l';g_gg Term Test - SAW DCA 001 4296 8.58E-02 60 2.7 4.616 0 1
Long Term Test - SAW DCA 002 4296 1.13E-01 60 - 27 4.616 0 1
Long Term Test - SAW DCA 003 4296 7.70E-02 60 2.7 4616 0 1
lLong Term Test - SAW DCB 001 4296 2.81E-02 .60 27 4616 0 1
[Long Term Test - SAW DCB 002 4296 1.87E-02 60 2.7 4618 0 1
Long Term Test - SAW DCB 003 -4296 9.31E-03 60 2.7 4616 0. 1
Long Term Test - SAW DCA 004 4296 1.04E-01 60 2.7 - 4616 0 1
Long Term Test - SAW DCA 005 4296 8.11E-02 60 2.7 4.616 0 1
Long Term Test - SAW DCA 006 4296 1.17E-01 60 . 2.7 4.616 0 1
— — —
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Table 5-7. (continued).

/
\\

Exposure Time

Comments Identification dp/dt Temperature NacCl FeCly Alr
Data Source S/N Reference Hours pm/yr (°C) pH wt. % wt. % Fract. Sat.
Long Term Test - SAW DCB 004 4296 6.56E-02 60 2.7 4.616 0 1
Long Term Test - SAW DCB 005 4296 6.61E-02 60 2.7 4616 | 0 1
Long Term Test - SAW DCB 006 4296 4.71E-02 60 2.7 4.616 0 1
Long Term Test - SAW DCA 034 4344 2.45E-01 90 2.7 4.616 0 1
Long Term Test - SAW DCA 035 4344 7.31E-01 90 2.7 4,616 0 1
Long Term Test - SAW DCA 038 4344 1.76E-01 90 27 4616 0 i)
Long Term Test - SAW .DCB 035 4344 4.16E-02 920 2.7 4.616 0 1
Long Term Test - SAW DCB 036 4344 1.07E-01 90 2.7 4.616 0 1
Polarization - FeCly 110497c2 4344 3.00E-03 90 2.14 0 0.61 0
Potarization - FeCls 110397¢c1 4344 6.00E-03 90 2.16 0 0.61 0
Polarization - FeCls 16309701 4344 2.01E-01 90 1.72 0 3.05 0
Polarization - FeCls 103197¢2 4344 2.01E+00 90 1.72 0 3.05 0
Asphahani - Hanes Intl. Gdowski UCRL 100 2.50E+00 25 1 0 10 1
Asphahani - Hanes Intl. Gdowski UCRL 100 2.50E+00 50 1 0 10 . 1
Asphahani - Hanes Intl. Gdowski UCRL 100 1.27E+01 75 1 0 10 1




Table 5- 8 Theoretical Distributions Offered by WAPDEG.

Distribution Parameters
Fixed Single value
Normal Mean and standard deviation

Bounded Ndrmal

Mean, standard deviation, and upper and lower bounds

| Lognormal Mean and standard deviation of underlying nomal
Uniform Minimum and maximum
| Loguniform Minimum and maximum
Table 5- 9 Summary of WAPDEG Output Files.
File Extension Description
ouT Echo file input, package summary output
AUX Waming messages, package properties
CAM CAM thickness versus time by package
CRM CRM thickness versus time by package
PAT Patch failures versus time by package
BIN Pit penetrations versus time by package

B00000000-01717-4301-00005 REV00
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Table 5- 10 Corrosion Models and Parameters Used in the TSPA-VA Base Case Waste Package Degradation Analysis.

Model Parameter Description Value/Distribution’ Source
A temperature threshold below which CRWMS M&O
;‘:'ti\ar:(s):old for corraslon corrosion of waste package induced by CDF: 95 - 150°C (1997e), MOL
electrochemical processes could occur. : 19980218.0231
RH threshold for CAM A relative humidity threshold above which the CRWMS M&O
humid-air corrosion carbon steel outer barrier is subject to CDF: 0-91.02% (1997e), MOL
initiation corrosion in humid-air condition - 19980218.0231
RH threshold for CAM A relative humidity threshold above which the CRWMS M&O
aqueous corrosion carbon steel outer barrier is subject to CDF: 80-100% (1997e), MOL
initiation’ corrosion in aqueous condition. . 19980218.0231
a,=17.185
a; = -623.46
ax=-974.46
as = 0.62270
A modet to calculate general corrosion depth | covariance matrix ,
: of the carbon steel outer barrler as a function
CAM ’;"r"":gﬁgfe"em' of time, T and RH. The model currently has 69934  -23179 -52380 -2.4608.10" > C:RQ\QQMS Mo
Lcorrosio five parameters with their associated -23179 104703 - 10892 25731 (1998¢)
uncertainty. ~52380  -10892 47470 13009
~24608-102 25731 13009 69319-10"
error variance mean =0, 6= 0.12757
. A factor employed to estimate localized
'é‘;\cﬁ“;‘am:“'g_c;ﬁr for variations of the outer barrier corrosion depth | Bounded normai CS‘Q'TMS m&?
condition in humid-air condition. The factoris used as | 1.5, 0.25, 1.0, 1.0e6 iMean, ¢, Minimum , Maximum 2998002)i8 0231

a multiplier to the general corrosion depth.
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Table 5-10. (continued).

Model Parameter Description Value/Distribution’ Source
bo = 111.63
by = 0.53199
bz = -23291
bs =-3.1918 x 10
A model to calculate general corrosion depth | covaraiance matrix . ‘
CAM aqueous general | of the carbon steel outer barrier as a function CRWMS M&0
corrosion model of time and T. The model currently has five 116.63 —9an6-107  _24761  -37926.107 (1998¢)
paramefflers with their assoclated uncertainty. v | -9426. 10°% 74189.107% 1770810710 2749110710
| -we wuaese-r07t! s2627.10%  soann.107?
~37926-10°% 18355.107"° so3n1.1072 124101070
error variance mean =0, ¢ = 0.0362
A factor employed to estimate localized
é&c&li;‘a;lozggzgor for variations of the outer barrier corrosion depth | Bounded normal (igg\;MS ::gl(_)
con ditionq in aqueous condition. The factoris usedasa | 1.5, 0.25, 1.0, 1.0e6 IMean, ¢, Minimum , Maximum (1998092)58 0231
muitiplier to the general corrosion depth. : :
Pit growth law model for a high aspect-ratio D = B 1" model
:’J:tg\/g\ﬁol::‘cas;?r:’:?:del pitting corrosion of the outer barrier in atkaline CRWMS MO
with elevated pH P pH conditions (pH >= 10). The model is Bis CDF: .0.1 - 1.84e6 pm/y:" (1997e), MOL
condition P expressed as a function of time, and has two 19980218.0231
o -parameters with their associated uncertainty. | nis COF: 0-1
CRM general corrosion | CDF tables at 25, 50 and 100°C expressing a | 5c06, o, 5,626-10 - 3.006-5 mmiyr Pendleton
potential range of constant general corrosion o y . '
rate with no drips-CDF 50°C CDF: 2.39¢-9 - 5.00e-5 mm/yr (1998), MOL
rates of the Alloy 22 inner barrier in the o . _
tables absence of dripping on waste package. 100°C CDF: 2.39¢-8 - 2.00e-4 mm/yr 19980615.0089
7 /—
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Table 5-10. (continued).

tables

waste package.

Model Parameter Description Value/Distribution’ Source
expected value = 75% uncenainly 25% variability, uncertainty
sampled at 50" Percentile
8 others used at each of 3 temperatures (25, 50, and 100°C):
. : Uncertainty% Variability% Uncertainty Pe"{centile
; . A fractional split of the total variance of the 25 75 .
l.‘:rcer:pmty‘vatizb‘ihly no-drip Alloy 22 general corrosion rate to 25 75 500 Pendleton
'?:F(;l‘\:na fon :\o- "pi represent associated uncertainty of the rate 25 75 95 (1998), MOL
generalcorros O" | and spatial variability of the rate among waste 50 50 5" 19980615.0089
rate-CDF tables packages and for a single waste package. 50 50 50"
' 50 50 95"
75 25 - : 5"
75 - 25 50™
75 25 95"
. A fractional spiit of the total variability of the
Variability allocation of no-drip Alloy 22 general corrosion rate to o Pendleton
no-drip CRM general feprespent sgatialgvariablllly of the rate among 55,8 4" Wﬂ?'e Ft’&ck!!?e to w'a?'t? pa:tki:lge (1998), MOL
°°';;°S|°" rate-CDF waste packages and for regions in a single % reglon to reglon (patch to patch) 19980615.0089
tables wasle package.
L
CRM general corrasion | CDF tables at 25, 50 and 100°C expressing a | 5506 GpF: 2.06e-8 - 9.000-3 mmyr Pendleton
ith drips-CDF | Potenlia’ range of constant genera’ Coosion | ggec cpF: 9,99e-8 - 1.256-2 mm/yr (1998), MOL
rate wil rates of the Alloy 22 inner barrier in the 1 00°C CDF: 1.006-7 - 2.006-2 mm/ 19980615.0089
tables presence of dripping on waste package. - 1.008-7- £.008-= mm/yr :
expected value = 50% uncenalnty 50% variability, uncertainty
sampled at 50™ Percentile
8 others used at each of 3 temperatures (25, 50, and 100°C):
| Uncortainiveriabiity | A fractional spiit of the total variance of the ”"”;’;""'V% Varlabllty% Uncertainty Peycentile
l:‘ i ‘Y' o CH{A drip Alloy 22 general corrosion rate to 25 75 5o Pendleton
alloca |°" o ip to. | fepresent associated uncerainty of the rate i EA 95" (1998), MOL
9%": rabc;orros onrate- 1 and spatial variability of the rate among waste 50 50 ’ g 19980615.0089
COF tables packages and for a single waste package. 50 50 g5t
75 25 5"
75 25 50"
A 75 25 95"
A fractional split of the total variability of the
Variability aflocation of :
drip CRI:IIY general drip Alloy 22 general corrosion rata to 35% waste package to waste package Pendleton
CDF represent spatial variability of the rate among 65% region 1o region (patch to patch (1998), MOL
corrosion rate- waste packages and for regions in a single ofeg gion (patch to patch) 19980615.0089
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Table 5-10. (continued).

Model Parameter Description Value/Distribution’ Source
A model expressing the general corrosion .
. : D = Rate x time Pendleton
S]l;(l;l'general corrosion L‘:'&ﬁ:;:;ﬁ:g‘_’ ?rzh L";':dg?:gsa;: Lt:il:)c:;?n Rate is sampled from the drip or no drip CDFs discussed above | (1998), MOL
no drip CDFs discussed above. as appropriate. 19980615.0089
b
. Dy =exp| b, —?l i
A model expressing localized corrosion rate N | IDistribution type for b _
of the Alloy 22 inner barrier as a function of ormal stribution type for bo
S‘Iz(l;/le:ocalized Corosion | yne and temperature. The model currently | 11.275, 2.4495 IMean and stand. dev. QS;LMS M&O
has four parameters with their associated Fixed IDistribution type for b1 (1998c)
uncertainty. ' 5.5494e+003 IDistribution parameter(s)
Fixed IDistribution type for n
‘105 IDistribution parameter(s)
A threshold to initiate focalized corrosion in
the Alloy 22 inner barrier. it is currently Pendleton
:;?r:z::ﬁg corrosion expressed as a function of temperature. No | Uniform distribution between 80 and 100°C. (1998), MOL
localized corrosion initiates at temperatures 19980615.0089

less than the threshold temperature.

. CDF = cumulative distribution function

o = one standard deviation
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Table 5- 11 Inputs to the TSPA-VA Base Case Waste Package Degradation Analysis.

input Parameter Description Value/Distribution Source
T history at the waste A history of temperature at the surface of waste packages in | 12 waste package groups used; vary with time CRWMS M&O
package surface the NE region. between ~20 - 200°C 19981
RH history at the waste | A history of relative humidity at the surface of waste 12 waste package groups used; vary with time CRWMS M&O
package surface packages in the NE region. between ~10 - 100%. 19981
Thickness of CAM A thickness of the carbon stee! outer bartier. 10 cm ’ Benton (1997),
Thickness of CRM A thickness of the Alloy 22 inner barrier. 2¢cm Benton (1997),
Number of waste ' Section 5.11.1
packages A total number of waste packages considered in a simulation. | 400 (occasionally 800) of this chapter
A total number of patches per waste package. A patchis .
m::::efa%szateches Per 1 defined as a minimum local area having a uniform general | 964 Sft‘;:.'on ’?'1 :‘1 -
packag corrosion depth over an entire simulation period. of this chapler
Fraction for waste A fraction of the waste package surface to be considered in 180° Section 5.11.1
package top the simulation as the top of the waste package. of this chapter
A fraction of the waste package surface to be considered in
the simulation as the bottom of the waste package. The
F::c':(t;or; f&rn::a:‘te remaining fraction of the waste package surface (after 180° Sfec:‘t‘io_n :'1 1.1
packag subtracting the top and bottom fractions) is considered as the of this chapter
side.
Fraction of the waste A fraction of the waste package top surface wetted in the Section 5.11.1
package top surface resence of drippin 100% ction o.11.
wetted under dripping | * pping. of this chapter
Fraction of the waste . '
package bottom surface Arg:g:‘lgg g: g:ie v::ste package bottem surface wetted in the 100% Section 5.11.1
wetted under dripping__| P ppIng. of this chapter
CRWMS M&O0
(1997e); MOL -
Pit density of CAM Number of pits per unit area that form in the outer barrier 10 pits/cm? 19980218.0231:
: undergoing corrosion. ) :
Section 5.11.1
of this chapter
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Table 5-11. (continued).

Input Parameter Description Value/Distribution Source
CRWMS M&O
1997e); MOL
Number of pits per unit area that form in the inner barrier . ) ( 1 .
Pit density of CRM undergoing localized corrosion. 10 pitsfom éggggﬁ 158 '1012?1'
of this chapter
Drip initiation time Time for the Initiation of drips on waste package 0 years Section 5.11.1
’ of this chapter
g o Section 5.11.1
Drip stop time Time for the cessation of drips on waste package. 10" years of this chapler
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Table 5- 12 A List of One-Off Sensitivity Cases Studied in This Report.

Class Sensitivity Case Description
Sensitivity of waste package degradation to different thermal-hydrologic environment (in
Repository Regions terms of temperature and relative humidity profiles at the waste package surface) in six

Waste-Package Level or

regions of repository.

Repository Condition Fraction of Waste Package Surface Sensitivity of waste package degradation to different surface fractions of the waste
Parameters ‘Wetted by Drips package surface wetted by drips.
Patch Size in Waste Package Sensitivity of waste package degradation to different patch sizes used in waste
Degradation Modeling package degradation (WAPDEG) simulation.
Sensitivity of waste package degradation to high aspect-ratio pitting corrosion of the
) Alkaline pH Dripping CAM under alkaline dripping condition (pH210) for the first 10,000 years after
CAM Corrosion ) emplacement.-
Paramelers Sensitivity of waste package degradation to enhanced general corrosion rates of th
. ensitivity of waste package degradation to enhanced general corrosion rates of the
Microblologically Influenced Corrosion CAM under an assumed condition of sustained microbiologically influenced corrosion.
Alternative Allocations of Variability and Sensitivity of waste package degradation to alternative allocations for the variability and
Uncertainty of CRM General Corrosion uncertainty of the CRM general corrosion rate variance under dripping and alternative
CRM Corrosion Rate Variance under Dripping Condition median rates of the uncertainty variance
Parameters

Two End Members of Expert Elicitation for
CRM General Corrosion Rate under

Dripping

Sensitlvity of waste package degradation to two end members (most conservative and
most optimistic) of the expert ellcnatlon for CRM general corrosion rate distribution
under dripping condition.

Waste Package and
Engineered Barrler
System Design Options

Sensitivity of waste package degradation to different relative humidity and temperature

Backfill conditions at the waste package surface in the presence of backfill in six dmerent
repository reglons.
Drip Shield Sensitivity of waste package degradation to the varying drip shield thickness in the
np presence of backfill.
. Sensitivity of waste package degradation to the ceramic coating on the CAM surface in
Ceramic Coating the presence of backfill.
CAM Thickness Sensitivity of waste package degradation to varying CAM thickness.
CRM Thickness

Sensitivity of waste package degradation to varying CRM thickness.




Table 5- 13 Three Alternative Allocations for the Uncertainty and Variability of the CRM General
Corrosion Rate Under Dripping Conditions and Three Alternative Median Rates.

Allocation for Uncertainty/Variability (Percent)
25/75 50/50 75/25
Median Gorrosion Rate 5" percentile (Set 1) 5™ percentile (Set 2) 5™ percentile (Set 3)
from the Uncertainty 50" percentile (Set 4) 50" percentile (Set 5) 50" percentile (Set 6)
Variance 95™ percentile (Set 7) 95" percentile (Set 8) 95" percentile (Set 9)

¢  The base case model is based on the 50%/50% split for the uncertainty and variability allocation and the median rate sampled -
at the 50™ percentile of the uncertainty variance (indicated with a shade).

e Designation for each of the 9 cases (Set 1 to Set 9) for the result discussion is indicated in the table.

Table 5- 14 Distribution of the CAM General Corrosion Rate Reduction Factor in Aqueous Condition Used
in the Ceramic Coating Design Option Sensitivity Analysis.

Percentile Reduction Factor in Aqueous Condition

0 0

1 ’ 1.7E-6

5 5.0E-6

50 5.7E-56

95 6.5E-4

100 1.9E-3

- Critical threshold CAM general corrosion depth = 0.095 cm

Source: Pasupathi (1998)

B00000000-01717-4301-00005 REV00 ' T5-22 August 1998
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Table 5- 15 Input Parameters Considered in the Regression-Based Sensitivity Analysis Case WPSAT1.

€2-5L

input Parameter Distribution Source

Temberalu:e threshold for CAM corrosion inlﬁation-for patches without drips TThresh.cdf CRWMS M&O 1998i
RH threshold for CAM humid-air corrosion initiation for patches without drips HARH.cdf Section 5.5-5

CAM humid-air general corrosion coefficient a (intercept coefficient) Joint Normal(ao,as,83) Section 5.5-3

CAM humid-air general corrosion coefficient a; (temperature coefficient) Joint Normal(ao,a1,89) Section 5.5-3

CAM humid-air general corrosion coefficient as (time coefficient) Joint Normal(ao,ay,a3) Section 6.5-3

No drip CRM general corrosion rate at 50°C Gnd27550.cdf CRWMS M&O 1998f
Temperature threshold for CAM corrosion initiation for patches with drips TThresh.cdf CRWMS M&O 1998i
- AH threshold for CAM humid-air corrosion initiation for patches with drigs HARH.cdf Section 5.5-8
Temperature threshold for CRM localized corrosion initiation Uniform(80, 100) Section 5.9-6

CAM aqueous general corrosion coefficient by (intercept coefficient) Joint Normal{bg,b) Section 5.6-3

CAM équeous general corrosion coefficient by (time coefficient) Joint Normal(bo,bs) Section 5.6-3

CRM general corrosion rate with drips at 50°C 48435050.cdf CRWMS M&O 19989
Cyc terni in CRM localized corrosion model Normal(4.367, 2.4495) Section 5.9-4
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Table 5- 16 Input Parameters Considered in the Regression-Based Sensitivity Analysis Case WPSA2..

input Parameter Distribution Source
The number of patches on waste package Uniform(96, 9640) N/A
Temperature threshold for CAM corrosion Initiation for patches without drips TThresh.cdt CRWMS M&O 1998i
RH threshold for CAM humid-air corrosion initiation for patches without driﬁs HARH.cdf Section 5.5.6
CAM general corrosion variance split for waste package-to-waste package and patch-to-patch Uniform(0, 1) NA
variability
CAM humid-air general corrosion coefficient ao (intercept coefficient) Joint Normal(ao,a,83) Section 5.5.3
CAM humid-air general corrosion coefficient as (temperature coefficient) Joint Normal(ay,a1,a3) Section 5.5.3
CAM humid-air general corrosion coefficient as (time coefficient)- Joint Normal(ao,a1,a3) Section 5.5.3
No drip CRM general corrosion rate variance split for waste package-to-waste package and Uniform(0, 1) N/A

patch-to-patch variability

No drip CRM general corrosion rate at 50°C gnd27550.cdf CRWMS M&0O 1998t
Top fraction of waste package seeing dripping conditions Uniform(0, 1)

Temperature threshold for CAM corrosion initiation for patches with drips TThresh.cdf CRWMS M&O 1998i
‘RH threshold for CAM humid-air corrosion initiation for patches with drips HARH.cdf Section 6.5.6
Temperature threshold for CRM localized corrosion initiation Uniform(80, 100) Section 5.9.2
2:!;\&!;:;2!'!;6;9 caonrtr’o;g:g higu(t’i-a‘:i;g ht?::sael;ial:tu;e threshold variance split for waste package-to- Uniform(0, 1) N/A

g{\xggt:’ea%t;i gi:l:eral corrosion variance split for waste package-to-wgste package and patch- Uniform(0, 1) N /A

CAM agueous general corrosion coefficient b0 (intercept coefficient) Joint Normal(bo, bi) Section 5.6.3

CAM agueous general corrosion coefficient b1 (time coefﬁcieqt) Joint Normal(bo, by) Section 5.6.3

Drip CRM general corrdsion rate variance split for waste package-to-waste package and patch- Uniform(0, 1) N/A

to-patch variability

Drip CRM general corrosion rate at 50°C g8435050.cdf CRWMS M&O 19989
Cic of CRM localized corrosion model ' Normal(4.367, 2.4495) Section 5.9.4
Time exponent of CRM localized corrosion model B-Normal(0.5,0.125,0.0, 1.0) Section 5.9.4




) : Table 5- 17 Output Parameters Studied in Regression-Based Sensitivity Analysxs
S for Cases WPSA1 and WPSA2.

Output Parameter
First waste package breach time
First pit-breach time
First patch-breach time
Fraction of failed patches at 10,000 vears
Fraction of failed patches at 50,000 years
Fraction of failed patches at 100,000 years
Fraction of failed patches at 500,000 years
Fraction of failed patches at 1,000,000 years

Table 5- 18 importance Ranking of Input Variables on First Patch-Breach
Output Variable (R2 = 0.8492). :

Rank Description SRRC RzLoss® | PRCC®

Variance share of CRM general corrosion rate with :
1 dri 0.702 0.4910 0.875
. 2 CRM general corrosion rate with drips -0.563 0.3158 -0.823

AN Fraction of top waste package surface seeing . N
3 dripping condition -0.153 0.0233 0.366
4 Number of patches -0.143 0.0204 -0.345
5 Variance share for CRM localized corrosion rate 0.0271 0.0007 0.069
6 ‘CRM general corrosion rate without drips ) 0.0270 0.0007 0.069
a. SRRC.(Standardized Rank Regression Coefficients) is the coefficients in the rank regression mode! after the input variables
have been standardized. ) '

b. R?Loss is the reduction in R? if the input variable is dropped from the regression model.

c. PRCC (ParUal Rank Corratation Coefficients) indicates the strength of a linear cormelation between the mput variable (rank) and
the output variable (rank), after elnmmahng the correlation of all other input variables.
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