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Brine Formation on Container Surface Sensitivity Analysis - Gustavo Cragnolino

Rationale

Aqueous corrosion is one of the chemical degradation processes that may lead to waste package -
failure. Water films on the metal surfaces will contain a variety of components, including chloride
and other soluble anionic species. Chloride ions are known to promote localized corrosion and
enhance general corrosion of container materials. Evaporation of water contacting the waste -
package could lead to increasing chloride concentrations and eventually to brine formation on the
outer overpack surface enhancing the susceptibility of both the outer and inner containers to
localized corrosion . -

Approach

To determine the possible effect of high chloride concentrations on dose, calculations will be made
using the EBSFAIL module of TPA 3.X. Waste package corrosion depends on the corrosion
potential and the critical potential required to initiate localized corrosion. In EBSFAIL, the critical -~
potential, conservatively represented by the repassivation potential, is assumed to depend only on
chloride concentration and temperature. For a given temperature, localized corrosion only occurs
above a critical chloride concentration, [Cl-]cr;. -

Two cases will be considered:
1) chloride concentrations below [Cl-].;; for localized (pitting) corrosion -
2) chloride concentrations above [Cl-]rit, for localized (pitting) corrosion

This study will be subject to modification as we proceed. -
Parameters and Ranges

These analyses will be conducted with no disruptive scenarios (i.e., no volcanism, faulting, or
seismicity). Seven repository subareas will be used. Twenty radionuclides, corresponding to 16
elements, will be used (Cm-246, U-238, Cm-245, Am-241, Np-237, Am-243, Pu-239, Pu-240, .
U-234, Th-230, Ra-226, Pb-210, Cs-135, 1-129, Tc-99, Ni-59, C-14, Se-79, Nb-94, Cl-36).

These analyses will consider an areal mass loading 83 MTU/acre to define the temperature and -
relative humidity evolution with time.

Table 1. Selected Corrosion Parameters for EBSFAIL

CritChlorideConcForOuterOverpack zonstant 3.0e-4 mol/L W
CritChlorideConcForInnerOverpack constant 2.0e-3 mol/L W
AboveBoilingChlorideConcentration constant 6.7 mol/L.

BelowBoilingChlorideConcen;ration _ ilifonn 0.003 to 6.7 mol/L JJ' N

For other parameters, TPA Base Case values and ranges will be adopted.

R R T R TR R RR———————



References and/or Justification for Parameters and Ranges

The parameters “AboveBoilingChlorideConcentration” and “BelowBoilingChlorideConcentration” ——

are selected to be consistent with values adopted by the CLST KTI. These values are based on

T CLST meetings on 4/3/97 and 4/8/97 and use the saturation limit of 6.7 mol/L forNaCL The
—= critical chloride concentrations will be those determined by CNWRA experiments and literature —]
* data on A516 steel and Alloy 825 and calculated to be appropriate for an 83 MTU/acre thermal —_—
loading. |
|
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Draft Document

INITIAL SET UP FOR RUNNING TPA 3.1

The user needs to have an account on a SUN workstation that has Solaris operating system.

ENVIRONMENT SETUP

The set up for running the TPA code has been revised to add flexibility for data input. Now you
can modify input data in the subdirectory "data" in addition to changing tpa.inp. You must not
change "data" unless you know well enough about the files in this directory.

Open the file named ".cshrc.local” from your home directory using vi or any such editor. Add the
following line:

setenv TPA (homedirectoryyTPARUN
setenv TPA /bscr3/mohanty/TPARUN

Example:

Note that TPARUN is just the name ot the directory from which you want to run the TPA code.

Therefore, you do not have to use the name TPARUN. You can use a name of your choice. After

you save changes to this file, enter the following command at the prompt:

source .cshre

Ask the IMS group it you are unable to modify or can not find the file ".cshrc.local". You can use

echo command as shown below:
echo $TPA
to see il the environemnt us set correctly. If it is set correctly, you will get the following response:

/(name of your home directory)/TPARUN

LOADING BASIC FILES TO THE USER’S WORK SPACE
telnet from your pc to the SUN workstation that you have access. For example:

telnet sebastian
username: jdoe

(PN

mkdir TPARUN

c¢d TPARUN

cp /solapps/cnwra/tpa/tpa.inp.master tpa.inp
¢p /solapps/cnwra/tpa/tpanames.dbs .
mkdir data

cd data

cp /solapps/cnwra/tpa/data/*

cd

Now the tpa.inp file is yours to change. Use vi editor, or any text editor on the SUN work station,

or ftp the file to your PC/MAC to modify and ftp the file back to TPARUN.

August 19, 1997




k :

g
2:390 ,/dvx

S/lze
DPETERMNAGON, OF WANTE (A(KBGE /ﬁé/wﬁg
j”llh/~( e ( resds Z/.,@@q to 2,0 o000 7/"
Smolatic., Frag 10, 4 aun

Run # 00!

: Subd el
W0 blore | 160, Sb2 a2 Gdd Sd s 1 K6 Sed Ty
T boal Sutu 3 ; , : \, ; ! |
£ |z =2 U o
0.0 - Q.0 0.0 00 |

|

? 0
Lidune {

¥ i3 | 20 ;G‘( 2655‘673i

| 61231 6lzy | 62y 6\lD  6il)

¥ K | o 13 o 1y

3 UWM %Me ?/0 UOO 7"‘

W(’{Mm,e_ Shi

ka2 | = [ VU v
¢es |00 | 0o | 90 | 00 | 0o |

| Sebomnd B 18 |20 | 4 | 5 |7 |
612> | 623 612> |
wML &

Gizy t6lly |
) ¢ o | 1> L 0 \5 3
1708.9 (7083 -
Cornas\\jw ¥
T WE

0.0

Vo)

O

Cl23 16113

C.O

1V C.0o

4,538
52%

437
1537
1459 | 4

e}
Giley

208
14,086.C
Jog

(70? \& i
{208 9 Tot | 804
1523 =0 14 08651149388

\4 >3
\244 725 | 812

© 47

' 02y, — |1mesR — V088 — | — Reteod — _
T R | o qw‘r%xt«fﬁex‘o 1 2300 Maoxs |0 T L7
‘ RO

C‘@ms%ﬁ;

R0t | 305

14533

704

124 5|7 |
14,085,

4533 U5,

437 |

208 |
14,558

5%

F_ \4,08€.5

Ebcmr Q44

fu 24

34106,

42216 ]

7-3?)(10

g

iy 5
L0

Ropl optin, #T

V N

4
DO
\& |
qi |
5

wom—

V/()(LMA;LL\W
| ALY
ok mé‘ | 1¢44

hreﬂr

TwFad %lk-

F{ e (/\1 #
-

Q.0

Wxﬁomj @fc«vaoMA

) Totel # o) Wis = 7124

2) Mo Comf%.éfvt(mfh rekeaoo are f/?wy Fu 239
cwd TC 77 Tyoreak rabeces ove.

Su 5

SRS

=
=

q\O"O.

L71 k16 5L ~1r/5A
LaqS™ Cfyr S

\37&1:: / /5/\
).767(‘0 C\/‘-’ /

69ax1S Cof g fsh @ 2 a0
59z xlo° Q/T /sgL

Puw 229
T a4

CZC’/OOGVF_

T

Py 24
e A

S G @ 2g Gy

77

SWS T

Yu 229
T a4




10

11

8h2/g7
beglesptonr, £ INCvT Fried FoR EOCFA1;  AnD EASRE L
- o4 P RV R LoDulrd OSED IN TRA RuAS(
TRk [T | SAT A3 SAq [SAS [ OACTTOAT I e ‘
bl 4 13 . e 'he pollozrn /W pacr weley were «leA .
. v ©.0 0.0 ) T#/H g
Xiomi ke I8 4 ﬁ""‘pJV ““‘:’”"”
. N\ | 178 | 17 P v 28
VAU'A(L% O O V\ “V ‘LJ\” ”“i‘:*
ur | — - tu)
Comisp ¥ | 181> | 142¢ '

4 12,226 [1222¢

Tolzg_@ (¢ 244 | 1159

Dlaw.;zﬂo(:(, M; ron &fem*f—w f'tm*u""l] JA 3 |

1

he Mstea, Me«sz 2 W Zane X pratemag erorak_
Woikon £) Dlbo: FJ-S"l‘cgc 00OA:ac €c J
W bopoo, A0R+
0 042¢do L4

|
hdenct FenSien 4.024 %/H/w

/u%e /IOA PRIREL ja f/’rl

0
ey

224 CiJqc ) sk @ 20 ooy

Pu 240

S 5% '(‘/‘Iwrléﬁ ¥ 4,540 B
T a9

T44 xi0 Cc’/ﬂf’/yx @ 1, B\ 4 1( B

peats
Mfé.’#deme 01

¢ 91 ‘L%N/'B 000 Y T

~.

.

\ - N




11

8Lz /a7

FoR  EAOLFA/, AnD EASCRE
A RUAS

1A

CUT Frid
— | foDuLFL USED

Submit queue:

gustavo.inp

bigbend!mohanty
Fri Aug 22 11:41:56 CDT 1997
IF 1 / Ethernet/ UHSW

Sun Jun 29 03:54:25 1992
Sun Jun 29 03:54:25 1992

QMS
QMS 3825 Print System

QMS 3825 Print System




11

>35> EBSFAIL QLL*ww
xR
constant
OuterWPThickness[m]
0.1
"R
constant
InnerWPThickness[m]
0.02

*k

842/

97
D LA RS

constant
MetalGrainRadius[micrometer]
5.0

*x

L. A

constant
GrainBoundaryThickness[micrometer]
0.0007

xK

WA RUAS

constant
DryOxidationConstant
0.00001

xR

A

uniform
CriticalRelativeHumidityHumidAirCorrosion
0.55, 0.85

L

uniform
CriticalRelativeHumidityAqueous00rrosion
0.75, 0.85

*k

constant

ThicknessOfWaterFilm[m]

0.002

ek

CuvT Fiied FoR  EAFAs

constant
Boi lingPointofwater[C]
97.0

L2

LODULEL OSED

LN

constant
OuterOverpackErpIntercept
-620.3

-l

constant
TempCoefOfOuterPackErpIntarcept
0.47

*x

constant
OuterOverpackErpSlope

-95.2

*h

constant
TempCoefOfOuterPackErps lope
0.88

R

constant
InnerOverpackErpIntercept
422.8

*k

constant
TempCoefOfInnerPackErpIntercept
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LN

A RUNS

IN

-4.1

» ok

constant

InnerOverpackErpSlope

-64.0
*k
constant
TempCoefOfInnerPackErp$Slope

-0.80

xK

constant
OuterWPBetaKineticsParameterforOxygen
D0.75
*k
constant
OuterWPBetaKineticsParameterforwater
0.50

xRk
constant
InnerWPBetaKineticsParameterforOxygen
0.75
”* ke
constant
InnerWPBetaKineticsParameterforWater
0.50
* e
constant
OuterWPRateConstantforOxygenReduction[cou lomb m/mole/yr]
3.8e12
* N
constant
OuterWPRateConstantforWaterReduction[coulomb m/mr2/yr]
1.6e-1
* K
constant
OuterWPActivationEnergyforOxygenReduction[J/mole]
37306.0
* %k
constant
OuterWPActivationEnergyforWaterReduction[J/mole]
25000.0

*k

constant
InnerWPRateConstantforoxygenReduction[cou lomb m/mole/yr]
3.0el10

* %

constant

InnerwWPRateConstantforWaterReduction[coulomb m/mA2/yr]
3.2

*%x

constant
InnerWPActivationEnergyforOxygenReduction[J/mole]
40000.0

*w

constant
InnerWPActivationEnergyforWaterReduction[J/male]
25000.0

x X

constant

AA_1_1[C/m2/yr]
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3.15e5

2

constant

AA_2 1[C/m2/yr]

6.30e4

*n

constant

MeasuredGalvanicCoup lePotential
-0.46

x W

constant
CoefForLocCorr0fOuterOverpack
8.66e-3

* %

constant
ExponetForLocCorrofOuterOverpack
0.45

L2

constant
HumidAirCorrosionRate[m/yr}

1.18e-5

xR

constant
LocalizedCorrRateOfInnerOverpack[m/yr]
2.5¢e-4

KK

uniform

FractionalCouplingStrength

0.0, 0.4

xk

constant
FactorForDefiningChoiceOfCritPotential
0.0

o

constant
CritchlorideCOncForFirstLayer[moL/L]
3.0e-4

*%x

constant
CritChlorideConcForSecandLayer [moL/L ]
2.0e-3

L3 ]

Lloguniform
ChlorideMultFactor

1.0, 100.0

xn

constant
ReferencepH
9.0 Do not change
L2 g
constant
WPsurfaceScaleThickness[m]
0.0 1.5e-3
K
constant
TortuosityOfScaleonwP
1.0 Do not change

* b

constant
Porosity0fScaleonwP
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1.0 Do not change

-
constant

YieldStrength[MPa]

205.0

*w

constant

SafetyFactor

1.4

X

constant
FractureToughness[MPa-m**0.5]
250.0

% v

bkl **X>>> EBSREL <<<***
*w

constant

FowFactor

0.3

xN

constant

FmultFactor

1.0 \

L3 ]

constant

SubAreaWetFraction

1.0

L

constant
DefectiveFractionOfwPs/cell

0.10

K

** \WP information

constant

WPInternatvolume[m3]

4.83

LE g

** \Thermal data

** temphumd.dat”’ ! temfil: temp. file (output from ebspac_fail.f)
constant

F lowOnsetTemperature{C]

97. ! set a large number (999.) to start flow at time=0 yr

"k

** \Flow parameters
** \"floebs.dat" ! hydfil: flow parameters file
** \SF materials
constant
SFMassPerWP[kg]
2800.

X

constant

SFMo lecu larWeight
250.

on

constant
SFDensity[kg/m3]
10600.

* N

iconstant
SurfaceAreaMode
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N

** \Fuel leaching
iconstant

IMode l

2

*x

constant

Phvalue

9.0

.2

constant
OxygenPartialPressure[atm]
0.2

* R

constant
NegativelLogl0CarbonateConcentration[mol/L]
2.69897

%k

constant
UserLeachRate[kg/yr/m2]
.003 ! used only when imodel = 3
o

constant
SFWettedFraction

5.e-1

*%x

** \ Radionuclide inventory
** ‘ebspac.nuc’ ! elefil: nuclide names, halflife,inventory
*k

constant

RD_backfill_cCm

100.

xR

constant

RD_backfill_Pu

100.

*x

constant

RD_backfill_U

2.

ok

constant
RD_backfill_Am

200.

xx

constant

RD_backfill_Np

§0.

*h

constant

RD_backfill_Th

100.

*n

constant

RD_backfill_Ra

30.

*x

constant

RD_backfill_Pb

20.
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vy

N

w R
constant
RD_backfill Cs -
200. i
x ok
constant
RD_backfill_I
1.0
* K
constant
RD_backfill_Tc
1.0
o
constant
RD_backfill_Ni
2.0
* K
constant
RD_backfill_cCl
1.0
*h
constant
RD_backfill_c
1.0
e
constant
RD_backfill_Se
1.0
ek
constant
RD_backfill_Nb
20.
x*k
constant
GapFractionForCM246
0.0
**k
constant
GapFractionForu238
0.0
L2 ]
constant
GapFractionForCM245
0.0
*x
constant
GapFractionForAM241
0.0
*x
constant
GapFractionForNP237
0.0
*x K
constant
GapFractionForAM243
0.0
x%
constant
GapFractionForPU239
0.0
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L DDVLAL OSED

N

%

constant
GapFractionForPu240
0.0

*h

constant
GapFractionForu234
0.0

* ok

constant
GapFractionForTH230
0.0

K

constant
GapFractionForRA226
0.0

N

constant
GapFractionForPB210
0.0

Tk

**constant
**GapFractionForC$137
**0.0

i

constant
GapFractionForCs1356
0.0

K

constant
GapFractionForI129
0.0

ok

constant
GapFractionForTC99
0.0

2]

constant
GapFractionForNI59
0.0

*k

constant
GapFractionForCL36
0.0

* %

constant
GapFractionForC14
0.0

% %

constant
GapFractionForSE79
0.0

*x

constant
GapFractionForNB94
0.0

R

** \C-14 generation
constant
InitialRadiusOfSFParticle{m]
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0.5e-3

xx
constant

RadiusOfSFGrain[m]

1.e-5

*

constant
SubGrainFragmentRadiusAfterTransFrac[m]
1.e-8

* K

constant
Thickness0fCladding[m]
6.1e-4

x N

constant
SFC-14InventoryPerKgSF{ci]
7.2e-4

ok

constant
CladC-14InventoryPerKgSF[ci]
4.8%e-4

* ok

constant
ZerxideAndcrudc-14InvPerK98F[ci]
2.48e-5

*xx

constant
GapAndGrainBoundaryInventoryPerKgSF[ci]
6.2e-6

L 2

constant

FractionOfF LowHi ttingwp

0.05

*k

** Solubility PDFs based on review of literature by
** R. Pabalan & D. Turner summarized in 10/18/96 memo
ok

uniform

Solubi lityAm[kg/m3]

2.4e-8, 2.4e-4

x N

triangular

SolubilityNplkg/m3]

1.2e-3, 3.4e-2, 2.4e-0

L g

constant

Solubility_I[kg/m3)

1.29e2

xRk

constant

SolubilityTc[kg/m3]

9.9e1

* ke

constant

SolubilityCl[kg/m3]

3.6el

N

constant

Solubility C[kg/m3]

1.4e1
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*
triangular
Solubility U[kg/m3]
2.4e-6 7.6e-3 2.4e0
* e

uniform
SolubilityCm[kg/m3]
2.4e-8 2.4e-4

* N

uniform
SolubilityPu[kg/m3]
2.4e-6 2.4e-4

t 2 ]

loguniform
SolubilityTh[kg/m3]
2.3e-7 2.3e-1

xx

triangular

Solubi lityRa[kg/m3]
2.3e-7 2.3e-5 2.3e-3
.

triangular
SolubilityPb[kg/m3]
2.1e-6 6.Be-5 2.1e-3
x*x

constant

Solubi lityCs[kg/m3]
1.35e2

%k

triangular

Solubi lityNi[kg/m3]
5.9e-5 1.1e-1 5.9e0
R

constant
SolubilitySe[kg/m3]
7.9el

xx

loguniform

Solubi lityNb[kg/m3]
9.3e-8 9.3e-6

xx

constant
FractionOfwaterIntowp
0.9

N

constant
FlowMultiplicationFactor
1.0

*xh

** *exs>>  UZFT
endoffile




\example input file for ebsfail

\simulation time
20000.00 ! tend: simulation time leng

cl

\ ! when iflag=1 (defined later)

NONI J \
5.6820 1.8020 ! wplen,wpdia: wp length and m % §
0.1000E+00 O0.2000E-01 ! cthickl,cthick2: wp layers E ﬁw §
l i
\choose source of temperature data §%§\
2,1 ! iflag(1:emp.equation,2:tab
1 ! nset (temp.-rel hum. relationship to use ~. \3 é;?
49.9999999 ! timintv (used when iflag=2) M~ 45
|
\other temperature parameters i § %
0. ! age of fuel (not used in this version) S %i
| Q
\Dry oxidation of wp outer overpack § _,‘b
0.1565E+02 ! grainr: metal grain radius 7 N O
25 ! nseries (terms in the infi § N C
0.8987E-03 ! gbthick [micrometer] \ hi
0.1000E-04 ! constantl: used in the dry

\evaporation-condensation
0.5280E+00  0.7948E+00
0.2471E-02
0.9700E+02

\Corrosion Parameters(Ep: pitting potential [mVshe]; Erp: re

/)
y4

/
ooy Mepo vz Y1) g0 M o2 Yrp iy

humde1, humdc2: crit. rel.
filmthk: thickness of wate
ctemp: boiling point of wa

o

] V;v»uO/J)-q' 2G  JoMm Ty yRIUDS

T g U P 39 il L re A
o

FPY 3

-584.8 ! xipto: outer overpack Ep i

3.92 ! pttemo: temp. coef. of out

-24.5 ! slpto: outer overpack Ep s E§
-1.1 ! slpttemo: temp. coef. of o i:)
-0.6203E+03 ! xirpo: outer overpack Erp

0.4700E+00 ! rptemo: temp. coef. of out ‘§\1:
-0.9520e+02 ! slrpo: outer overpack Erp ~7
0.8800E+00 ! slrptemo: temp. coef. of o (

200. ! xipti: inner overpack Ep i

0. ! pttemi: temp. coef. of inn

-240. ! slpti: inner overpack Ep s

a. ! slpttemi: temp. coef. of i

0.4228E+03 ! xirpi: inner overpack Erp

-0.4100E+01 ! rptemi: temp. coef. of inn ‘ ‘ ‘ ‘ ] 143 ] AJ.
-0.6400E+02 ! slrpi: inner overpack Erp

-0.8000E+00 ! slirptemi: temp. coef. of i

0.6276E+00 0.4442E+00 ! betaox1, betahyl: beta kin

\ for oxygen and water for WP outer overpack

0.9708E+00 0.5642E+00 ! betaox2, betahy2: beta kin

\ oxygen and water for WP inner overpack

0.5707E+12 0.3399E-03 ! rkox1 [c*m/y/mol], rkhyl [

0.4162E+05 0.2580E+05 ! gox1 [J/mol], ghyl [J/mol]

0.3777E+12 0.9579E+03 ! rkox2 [c*m/y/m], rkhy2 [c/

0.4400E+05 0.2781E+05 ! gox2 [J/mol], ghy2 [J/mol]

0.3150E+06 0.0 0.0 ! aa(1.1) [C/m2/yr], aa(}l,2)

0.6300E+05 0.0 0.0 ! aa(2,1) [C/m2/yr], aa(2,2)
-0.4600E+00 ! eexpt: measured galvanic ¢

0.8660E -02 ! rcoef: coef. for loc. corr

0.4500E+00 ! rexpont: exponet for loc.

0.1160E-04  0.2500E-03 ! cratehac:humd.air corr.rt.

0.0000E+00 ! xcouple, efficiency of gal




0.0000E+00
3.e-1
0.3000E-03
0.2000E -02
0.1000E+01
0.3741E-05 0.9000E+01

xread: factor for defining
clconc: chloride conc. [mo
cleritl: crit. chloride co
clerit2: crit. chloride co
cfactor: factor for changi
xgas: oxygen part.pr.[atm]

0.0000E+00 0.1000E+01 0.1000E+01 althk: scale thick;taus:

\Mechanical failure data
0.2050E+03 0.1400E+01
0.2500E+03
|
\Runge-kutta control parameters

1.e-3, 1.e0
1.e-2, 1.e-30

\end

yieldstr: yield strength [
dkic: fracture toughness [

dtini, dtmax
errrel (same as eps), errabs (same as tin

ol
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ebspac (engineering barrier system performance assessment code)

this is the part of the code that computes wp failure time

i version= 1.0
Mon Aug 25 12:28:25 1997 KUAl #003
T iflagtpa= 1
e nhist3= 201
nhist= 201
T calculation of waste package failure time
o end of simulation time [yr]: 20000.
no. of rows of data to pass to release.f: 201
L ilayer tstop tcan ecrit ecorr chloride rthick mode
[yrl [e]l [vshe] [vshe] flag [m]
. 1 4.62 103.73 0.0000 0.0000 0 1.1999625E-01 dry oxd
- 1 9.35 117.83 0.0000 0.0000 0 1.1999250E-01 dry oxd
—— 1 14.19 127.40 0.0000 0.0000 0 1.1998875E-01 dry oxd
1 19.14 134.03 0.0000 0.0000 0 1.1998500E-01 dry oxd
T 1 24.21 139.01 0.0000 0.0000 0 1.1998125€-01 dry oxd
s 1 29.40 142.54 0.0000 0.0000 0 1.1997750E-01 dry oxd
1 34.70 145.20 0.0000 0.0000 0 1.1997374E-01 dry oxd
T 1 40.14 147.03 0.0000 0.0000 0 1.1996999E-01 dry oxd
e 1 45.70 148.31 0.0000 0.0000 0 1.1996624E-01 dry oxd
B 1 51.39 149.10 0.0000 0.0000 0 1.1996249€-01 dry oxd
1 57.21 149.53 0.0000 0.0000 0 1.1995874E-01 dry oxd
e 1 63.17 149.64 0.0000 0.0000 0 1.1995498E-01 dry oxd
» 1 69.27 149.55 0.0000 0.0000 o 1.1995123€-01 dry oxd
1 75.51 149.37 0.0000 0.0000 o] 1.1994748E-01 dry oxd
— 1 81.90 149.18 0.0000 0.0000 0 1.1994373E-01 dry oxd
. 1 88.44 148.91 0.0000 0.0000 0 1.1993997E-01 dry oxd
1 95.13 148.59 0.0000 0.0000 0 1.1993622E-01 dry oxd
- 1 101.98 197.61 0.0000 0.0000 0 1.1993212E-01 dry oxd
1 108.98 195.01 0.0000 0.0000 0 1.1992808E-01 dry oxd
1 116.16 192.53 0.0000 0.0000 0 1.1992410E-01 dry oxd
1 123.49 190.15 0.0000 0.0000 0 1.1992016E-01 dry oxd
1 131.01 187.87 0.0000 0.0000 0 1.1991626E-01 dry oxd
1 138.69 185.71 0.0000 0.0000 0 1.1991237€-01 dry oxd
1 146.56 183.64 0.0000 0.0000 0 1.1990851E-01 dry oxd
1 154.61 181.63 0.0000 0.0000 0 1.1990467E-01 dry oxd
1 162.85 179.65 0.0000 0.0000 0 1.1990084E-01 dry oxd
1 171.29 177.74 0.0000 0.0000 0 1.1989703E-01 dry oxd
1 179.92 176.24 0.0000 0.0000 0 1.1989322E-01 dry oxd
1 188.75 175.00 0.0000 0.0000 0 1.1988942E-01 dry oxd
1 197.79 173.86 0.0000 0.0000 0 1.1988562E-01 dry oxd
1 207.04 172.73 0.0000 0.0000 0 1.1988182E-01 dry oxd
1 216.51 171.69 0.0000 0.0000 0 1.1987803E-01 dry oxd
1 226.19 170.66 0.0000 0.0000 0 1.1987425E-01 dry oxd
1 236.11 169.64 0.0000 0.0000 0 1.1987046E-01 dry oxd
1 246.26 168.67 0.0000 0.0000 0 1.1986668E-01 dry oxd
1 256 .64 167.78 0.0000 G.0000 0 1.1986290E-01 dry oxd
1 267.27 166.93 0.0000 0.0000 0 1.1985912E-01 dry oxd
1 278.15 166.11 0.0000 0.0000 0 1.1985535E-01 dry oxd
1 289.28 165.32 0.0000 0.0000 0 1.1985157E-01 dry oxd
1 300.68 164.54 0.0000 0.0000 0 1.1984780E-01 dry oxd
1 312.33 163.85 0.0000 0.0000 0 1.1984403E-01 dry oxd
1 324.27 163.18 0.0000 0.0090 0 1.1984026E-01 dry oxd
1 336.48 162.53 0.0000 0.0000 0 1.1983649E-01 dry oxd
1 348 .98 161.87 0.0000 0.0000 0 1.1983272E-01 dry oxd
1 361.77 161.21 0.0000 0.0000 0 1.1982895E-01 dry oxd

ebs

[P

—




374.86
388.25
401.96
415.99
430.35
445,05
460.09
475.48
491.23
507.35
523.85
540.74
558.02
575.70
593.80
612.32
631.28
650.67

870.51
690.85
711.64
732.92
754.70
776.99
799.80
823.14
847.04
871.49
896.51
922.12
948.33
975.15
1002.60
1030.69
1059.44
1088.86
1118.98
1149.79
1181.33
1213.61
1246.64
1280.45
1315.05
1350.45
1386.69
1423.77
1461.73
1500.57
1540.32
1581.00
1622.63
1665.24
1708.85
1753.48
1799.15
1845.89
1893.72
1942.68
1992.78
2044.05

160.54
159.82
159.10
158.42
157.78
157.14
156.50
155.87
155.13
154.38
153.57
152.75
151.94
151.11
150.27
149.43
148.67
147.92

14713
146.31
145.50
144.69
143.89
143.09
142.28
141.48
140.62
139.77
138.90
138.02
137.15
136.26
135.32
134.36
133.38
132.39
131.45
130.48
129.48
128.47
127.46
126.44
126.41
124.37
123.30
122.21
121.12
120.02
118.92
117.82
116.70
115.59
114.42
113.24
112.04
110.85
109.64
108.42
107.23
106.10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.06000
0.0000

1.1982518€-01
1.1982141E-01
1.1981765E-01
1.1981388E-01
1.1981012€-01
1.1980636E-01
1.1980259€E-01
1.1979883€E-01
1.1979507€-01
1.1979131€-01
1.1978755E-01
1.1978379€E-01
1.1978003E-01
1.1977627€-01
1.1977251E-01
1.1976876E-01
1.1976500€ -01
1.1976124€-01

1.1975749€e-01
1.1975373€-01
1.1974998E-01
1.1974622E-01
1.1974247€-01
1.1973871E-01
1.1973496E-01
1.1873120E-01
1.1972745E-01
1.1972370€-01
1.1971994E-01
1.1971619€-01
1.1971244€-01
1.1970869E-01
1.1970493€E-01
1.1970118E-01
1.1969743€E-01
1.1969368E-01
1.1968993E-01
1.1868617E-01
1.1968242E-01
1.1967867E-01
1.1967492E-01
1.1967117€-01
1.1966742E-01
1.1866367€-01
1.1965992E-01
1.1965617E-01
1.1965241€-01
1.1964866E-01
1.1964491E-01
1.1964116E-01
1.1963741€-01
1.1963366E-01
1.1912783€E-01
1.1861016€-01
1.1808037€-01
1.1753818E-01
1.1698329E-01
1.1641541€-01
1.1683424E-01
1.1523946E-01

dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry

dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry

oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd

oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
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104.98

2096.53 0.0000 0.0000 0 1.1463075E-01 dry oxd
2150.23 103.88 0.0000 0.0000 0 1.1400780E-01 dry oxd
mech. module: sfactor, yieldstr= 1.4000000000000 205 .00000000000
mech. module: dkic= 250.00000000000
2205.19 102.80 -0.5653 0.20866 1 65.1387850E-02 local
mech. module: sfactor, yieldstr= 1.4000000000000 205.00000000000
mech. module: dkic= 250.00000000000
2261.44 101.71 -0.5647 0.2058 1 4,1776017E-02 local
mech. module: sfactor, yieldstr= 1.4000000000000 205.00000000000
mech. module: dkic= 250.00000000000
2319.00 100.61 -0.5638 0.2047 1 2.6876188E-02 local
2377.91 99.50 0.2183 0.1436 1 1.9879298E-02 general
2438.20 98.42 0.2224 0.1428 1 1.9755770E-02 general
2499.91 97.34 0.2264 0.1421 1 1.9629350E-02 general
2563.05 96.26 0.2305 0.1413 1 1.9499971E-02 general
2627.68 95.20 0.2345 0.1406 1 1.9367563E-02 general
2693.82 94.15 0.2384 0.1399 1 1.9232055E-02 general
2761.50 93.10 0.2424 0.1391 1 1.9093374E-02 general
2830.77 92.10 0.2462 0.1384 1 1.8951447E-02 general
2901.66 91.10 0.2500 0.1377 1 1.8806197E-02 general
2974.22 90.09 0.2539 0.1370 1 1.8657546E-02 general
3048.47 89.11 0.2576 0.1363 1 1.8505415E-02 general
3124.46 88.16 0.2613 0.1357 1 1.8349723E-02 general
3202.23 87.22 0.2648 0.1350 1 1.8190386E-02 general
3281.81 86.31 0.2683 0.1344 1 1.8027318E-02 general
3363.27 85.41 0.2718 0.1338 1 1.7860433E-02 general
3446.63 84.51 0.2752 0.1332 1 1.7689641E-02 general
3531.94 83.63 0.2786 0.1326 1 1.7514850E-02 general
3619.24 82.80 0.2819 0.1320 1 1.7335967E-02 general
3708.60 81.97 0.2849 0.1314 1 1.7152897E-02 general
3800.04 81.15 0.2879 0.1309 1 1.6965540E-02 general
3893.62 80.33 0.2908 0.1303 1 1.6773797E-02 general
3989.40 79.53 0.2938 0.1297 1 1.8577565E-02 general
4087 .42 78.73 0.2968 0.1292 1 1.6376739E-02 general
4187.73 77.95 0.2997 0.1287 1 1.6171212E-02 general
4290.39 77.20 0.3026 0.1282 1 1.5960873E-02 general
4395.46 76.46 0.3054 0.1278 1 1.5745609€-02 general
4502 .98 75.73 0.3083 0.1272 1 1.5525306E-02 general
4613.02 75.00 0.3111 0.1267 1 1.5299845E-02 general
4725 .64 74.31 0.3138 0.1262 1 1.5069106E-02 general
4840.89 73.62 0.3165 0.1257 1 1.4832965E-02 general
4958 .85 72.95 0.3192 0.1253 1 1.4591295E-02 general
5079.56 72.27 0.3219 0.1248 1 1.4343968E-02 general
5203.10 71.60 0.3246 0.1244 1 1.4090850E-02 general
5329.53 70.95 0.3273 0.1239 1 1.3831807E-02 general
5458.92 70.30 0.3298 0.1235 1 1.3566699E-02 general
5591.34 69.65 0.3324 0.1230 1 1.3295384E-02 general
5726.87 69.02 0.3351 0.1226 1 1.3017718E-02 general
5865.56 68.39 0.3377 0.1222 1 1.2733551E-02 general
6007 .50 67.76 0.3402 0.1218 1 1.2442731E-02 general
6152.77 67.13 0.3428 0.1214 1 1.2145103E-02 general
6301.43 66.51 0.3453 0.1209 1 1.1840507E-02 general
6453.58 65.89 0.3478 0.1205 1 1.1528780E-02 general
6609.28 65.28 0.3503 0.1201 1 1.1209755E-02 general
6768.64 64.67 0.3526 0.1197 1 1.0883261E-02 general
6931.72 64.08 0.3551 0.1193 1 1.0549123E-02 general
7098 .62 63.50 0.3575 0.1189 1 1.0207163E-02 general
7269.43 62.93 0.3596 0.1186 1 9.8571968E-03 general
7444.24 62.37 0.3617 0.1182 1 9,.4990376E-03 general
7623.14 61.82 0.3639 0.1178 1 9.1324934E-03 general
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2 7806.23 61.27 0 0.1175 1 8.7573680E-03 general
2 7993.60 60.73 0.3685 0.117M 1 8.3734602E-03 general
2 8185.37 60.20 0.3705 0.1168 1 7.9805646€E-03 general
2 8381.862 59.67 0.3726 0.1164 1 7.5784709E-03 general
2 8582.46 59.15 0.3747 0.11861 1 7.1669636E-03 general
2 8788.01 58.64 0.3769 0.1157 1 6.7458222€-03 general
2 8998.37 58.13 0.3788 0.1154 1 6.3148213E-03 general
2 9213.66 57.62 0.3807 0.1151 1 5_.8737301E-03 general
2 9433.98 57.12 0.3824 0.1147 1 5.4223124E-03 general
2 9659. 46 56.63 0.3842 0.1144 1 4.9603264E-03 general
2 9890.23 56.15 0.3859 0.1141 1 4.4875246E-03 general
2 10126.39 55.65 0.3877 0.1138 1 4_0036539E-03 general
2 10368.08 55.09 0.3892 0.1134 1 3.5084551E-03 general
2 10615.43 54.55 0.3907 0.1131 1 3.0016629E-03 general
2 10868.58 53.98 0.3922 0.1127 1 2.4830061E-03 general
2 11127.65 53.39 0.3937 0.1123 1 1.9522066E-03 general
2 11392.78 52.82 0.3953 0.1119 1 1.4089805E-03 general
2 11664.12 52.25 0.3968 0.1116 1 8.5303690E-04 general
2 11941.82 51.67 0.3983 0.1112 1 2.8407760E-04 general
2 12226.01 51.07 0.3999 0.1108 1 -2.9820164E-04 general
wp wetting time [yr]: 2150.
wp failure time [yr]: 11942.
penetration by dry oxidation [m]: 5.992€-03

echoed input data in:

output data are in files:

echo_fail.dat
temphumd.dat and corrode.out
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ebspac (engineering pbarrier system performance assessment code)
this is the part of the code that computes wp failure time
version= 1.0

Mon Aug 25 12:30:42 1997

Ryn A O0F

iflagtpa= 1
nhist3= 201
nhist= 201
calculation of waste package failure time
end of simulation time [yrl: 20000.
no. of rows of data to pass to release.f: 201
ilayer tstop tcan ecrit ecorr chloride rthick mode
[yrl [el [vshe] [vshel f lag [m]
1 4.62 103.73 0.0000 0.0000 0 1.1999625E-01 dry oxd
1 9.35 117.83 0.0000 0.0000 0 1.1999250E-01 dry oxd
1 14.19 127.40 0.0000 0.0000 0 1.1998875E-01 dry oxd
1 19.14 134.03 0.0000 0.0000 0 1.1998500E-01 dry oxd
1 24. 21 139.01 0.0000 0.0000 0 1.1998125€-01 dry oxd
1 29.40 142.54 0.0000 0.0000 0 1.1997750E-01 dry oxd
1 34.70 145.20 0.0000 0.0000 0 1.1997374E-01 dry oxd
1 40.14 147.03 0.0000 0.0000 0 1.1996999E-01 dry oxd
1 45.70 148.31 0.0000 0.0000 0 1.1996624E-01 dry oxd
1 51.39 149.10 0.0000 0.0000 0 1.1996249E-01 dry oxd
1 57.21 149.53 0.0000 0.0000 0 1.1995874E-01 dry oxd
1 63.17 149.64 0.0000 0.0000 0 1.1995498E-01 dry oxd
1 69.27 149.55 0.0000 0.0000 0 1.1995123€-01 dry oxd
1 75.51 149.37 0.0000 0.0000 0 1.1994748E-01 dry oxd
1 81.90 149.18 0.0000 0.0000 0 1.1994373e-01 dry oxd
1 88.44 148.91 0.0000 0.0000 0 1.1993997€-01 dry oxd
1 95.13 148.59 0.0000 0.0000 0 1.1993622€-01 dry oxd
1 101.98 197.61 0.0000 0.0000 0 1.1993212E-01 dry oxd
1 108.98 195.01 0.0000 0.0000 0 1.1992808E-01 dry oxd
1 116.16 192.53 0.0000 0.0000 0 1.1992410E-01 dry oxd
1 123.49 190.15 0.0000 0.0000 0 1.1992016E-01 dry oxd
1 131.01 187.87 0.0000 0.0000 0 1.1991626E-01 dry oxd
1 138.69 185.71 0.0000 0.0000 0 1.1991237E-01 dry oxd
1 146.56 183.64 0.0000 0.0000 0 1.1990851E-01 dry oxd
1 154.61 181.63 0.0000 0.0000 0 1.1990467E-01 dry oxd
1 162.85 179.65 0.0000 0.0000 0 1.1990084E-01 dry oxd
1 171.29 177.74 0.0000 0.0000 0 1.1989703E-01 dry oxd
1 179.92 176.24 0.0000 0.0000 o 1.19893226-01 dry oxd
1 188.75 175.00 0.0000 0.0000 0 1.1988942E-01 dry oxd
1 197.79 173.86 0.0000 0.0000 0 1.1988562E-01 dry oxd
1 207.04 172.73 0.0000 0.0000 0 1.1988182E-01 dry oxd
1 216.51 171.69 0.0000 0.0000 0 1.1987803€-01 dry oxd
1 226.19 170.66 0.0000 0.0000 0 1.1987425€-01 dry oxd
1 236.11 169.64 0.0000 0.0000 0 1.1987046E-01 dry oxd
1 246.26 168.67 0.0000 0.0000 0 1.19866686-01 dry oxd
1 256.64 167.78 0.0000 0.0000 0 1.1986290E-01 dry oxd
1 267 .27 166.93 0.0000 0.0000 0 1.1985912E-01 dry oxd
1 278.15 166.11 0.0000 0.0000 0 1.1985535€-01 dry oxd
1 289.28 165.32 0.0000 0.0000 0 1.1985157E-01 dry oxd
1 300.68 164.54 0.0000 0.0000 0] 1.1984780E-01 dry oxd
1 312.33 163.85 0.0000 0.0000 0 1.19844036-01 dry oxd
1 324.27 163.18 0.0000 0.0000 0 1.198402BE-01 dry oxd
1 336.48 162.53 0.0000 0.0000 0 1.1983649E-01 dry oxd
1 348.98 161.87 0.0000 0.0000 0 1.1983272E-01 dry oxd
1 361.77 181.21 0.0000 0.0000 0 1.1982895E-01 dry oxd




A

—

374.
388.
.96
415.
430.
445,
460.
475.
.23
507 .
523.
540.
558.
575.
593.
.32
.28
650.
670.
690.

401

491

631

7

871

1181

1813

1246.
1280.
1315.
1350.
1386.
1423.
.13
1500.
1540.
.00
1622.
1665.
1708.
1753.
1799.
1845.
1893.
1942.
.78
.05

1461

1681

1992
2044

86
25

99
35
05
09
48

35
85
74
02
70
80

67
53
85

.64
732.
754.
776.
799.
823.
847.
.49

896.

922.

948.

a75.
1002.
1030.
1059.
1088.
1118.
1149.
.33

92

70 .

99
80
14
04

51
12
33
15
60
69
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1.1982518E-01
1.1982141E-01
1.1981765E-01
1.1981388E-01
1.1981012€E-01
1.1980636E-01
1.1980259€E-01
1.1979883€E-01
1.1979507€-01
1.1979131e-01
1.1978755€-01
1.1978379E-01
1.1978003€E-01
1.1977627€-01
1.1977251€E-01
1.1976876E-01
1.1976500€E-01
1.1976124E-01
.1975749€E-01
.1975373E-01
1.1974998E-01
1.1974622E-01
1.1974247€-01
1.1973871E-01
1.1973496E-01
1.1973120E-01
1.1972745€-01
1.1972370E-01
1.1971994€-01
1.1971619E-01
1.1971244€-01
1.1970869€E-01
1.1970493E-01
1.1970118E-01
1.1969743€-01
1.1969368E-01
1.1968993E-01
1.1968617E-01
1.1968242E-01
1.1967867E-01
RthCEay
1.1967117E-01
1.1966742E-01
1.1966367E-01
1.1965992€-01
1.1965617E-01
1.1965241E-01
1.1964866E-01
1.1964491E-01
1.1964116€E-01
1.1983741E-01
1.1963366E-01
1.1912783E-01
1.1861016E-01
1.1808037E-01
1.1753818E-01
1.1698329€-01
1.1641541E-01
1.1583424€-01
1.1523946E-01

dry
dry
dry
dry
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dry
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dry
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oxd
oxd
oxd
oxd
oxd
oxd

oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd
oxd



14

1
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2096.
21560.
2205.
.44
2319.
2377.
2438.
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2563.
2627.
2693.
.50
2830.
.66
2974.
3048.
3124.
3202.
.81

2261

2761
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3281

3363.
3446.

3531

5591

6301

6931

8381
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23
19

00
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05
68
82

17
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47
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27
63

.94
3619.
3708.
3800.
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4087 .
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4290.
4395.
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4613.
4725.
4840.
4958.
5079.
5203.
5329.
5458.

24
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04
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40
42
73
39
46
98
02
64
89
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56
10
53
92

.34
5726.
5865.
6007 .
6152.
.43
6453.
6609.
6768.
.12
7098.
7269.
7444.
7623.
7806.
7993.
8185.
.62
8582.
.01

87
56
50
77

58
28
84

62
43
24
14
23
60
37

46

104.
103.
102.
- 101,
100.
99.

98

91

84

81

81

79

75
74

n

70

64

64.
63.
.93

62

62.

61
61

59

98
88
80

61
50

.42
97.
96.
95.
94.
93.
92.
.10
90.
89.
88.
87.
86.
85.
.51
83.
82.

34
26
20
15
10
10

08
11
16
22
31
41

63
80

.97
.15
80.
.53
78.
77.
17.
76.
75.
.00
.3
73.
72.
72.
.60
70.
.30
69.
69.
68.
67.
67.
66.
65.
65.
.87

33

73
a5
20
46

62
a5
27

g5

65
02
38
76
13
51
89
28

08
50

37

.82
.27
60.
60.
59.

73
20
67

.15
58.

64

0.0000

0.0000
-0.5655
-0.5647
-0.5638
-0.5629
-0.5620
-0.5611
-0.5602
-0.5592
-0.5583
-0.5574
-0.5565
-0.5556
-0.5546
-0.5537
-0.5528
-0.5519
-0.5510
-0.5501
-0.5492
-0.5483
-0.5474
-0.5466
-0.5457
-0.5449
-0.5440
-0.5432
-0.5423
-0.5415
-0.5407
-0.5398
-0.5390
-0.5382
-0.5373
-0.53865
-0.5357
-0.5348
-0.5340
-0.5332
-0.5323
-0.5314
-0.5306
-0.5297
-0.5289
-0.5280
-0.5271
-0.5263
-0.5254
-0.5245
-0.5237
-0.5229
-0.5221
-0.5213
-0.5204
-0.5196
-0.5188
-0.5180
-0.5172
-0.5163

.0000
.0000
.3493
.3471
.3449
.3428
.3406
.3384
.3363
.3342
.33
.3300
.3280
.3260
.3240
3221
.3202
.3183
.3165
.3147
.3129
.3
.3094
.3078
.3062
.3045
.3029
.3013
.2998
.2983
.2968
.2953
.2939
.2925
L2911
.2808
.2885
.2871
.2858
.2845
.2832
.2820
.2807
.2795
.2782
.27170
.2757
.2745
.2733
272
.27110
.2699
.2687
.2676
.2685
.2655
.2644
.2634
.2623
.2613

1.1463075€-01
1.1400780E-01
.1337031E-01
.1271790€-01
.1205022E-01
.1136691E-01
.1066760E-01
,0995191€-01
.0921947E-01
.0846989€-01
.0770275E-01
.06917686E-01
.0611418E-01
.0529180E-01
.0445036E-01
.0358912E-01
.0270772€-01
.0180568E-01
.0088253E-01
.993776BE-02
.8970881E-02
.7981361E-02
.6968674E-02
.5932280E-02
.4871622E-02
.3786132E-02
9.
9.
9.
8.
8.
8.
8.
8.
8.
8.
8.
7.
7.
7.
7.
7.
7.
6.
6.
6.
6.
6.
6.
5.
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2675230€E-02
1538320E-02
0374793E-02
9184027E-02
7965382E-02
6718208E-02
5441835E-02
4135581E-02
2798745E-02
1430612€-02
0030450E-02
8597508E -02
7131018E-02
5630196E-02
4094238E-02
2522321E-02
0913602€-02
9267222E-02
7582287E-02
5857926E-02
4093186E-02
2287130E-02
0438791E-02
8547181E-02

5.6611285E-02
5.4630067E-02
5.2602466E-02
5.0527396E-02
4.
4
4
4
3

8403746E-02

.6230378E-02
.4006129€-02
.1729807E-02

9400193E-02

3.7016039E-02

dry oxd
dry oxd
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general
general




.2603

3.4576069E-02

1 8998.37 58.13 -0.5155 -1 1 general
1 9213.66 57.62 -0.5148 -1.2593 1 3.2078976E-02 general
1 9433.98 57.12 -0.51M1 -1.2583 1 2.9523422E-02 general
1 9659.46 56.63 -0.5133 -1.2573 1 2 .6908040E-02 general
1 98g0.23 56.15 -0.5126 -1.2563 1 2.4231427€-02 general
1 10126.39 55.65 -0.5119 -1.2553 1 2.1492152E-02 general
2 10368.08 55.09 0.3892 -0.1581 1 1.9504801E-02 general
2 10615.43 54.55 0.3907 -0.1587 1 1.8998009€-02 general
2 10868.58 53.98 0.3922 -0.1593 1 1.8479352E-02 general
2 11127.65 53.39 0.3937 -0.1599 1 1.7948553E-02 general
2 11392.78 52.82 0.3953 -0.1606 1 1.7405327E-02 general
2 11664.12 52.25 0.3968 -0.1612 1 1.6849383E-02 general
2 11941.82 51.67 0.3983 -0.1618 1 1.6280424€E-02 general
2 12226.01 51.07 0.3999 -0.1624 1 1.5698144E-02 general
2 12516.86 50.49 0.4015 -0.1631 1 1.5102233€-02 general
2 12814.52 49.91 0.4030 -0.1637 1 1.4492371E-02 general
2 13119.14 49.34 0.4046 -0.1643 1 1.3868230E-02 general
2 13430.90 48.78 0.4061 -0.1649 1 1.3229478E-02 general
2 13749.96 48.23 0.4075 -0.1655 1 1.2575772€E-02 general
2 14076.48 47 .68 0.4090 -0.1661 1 1.1906762E-02 general
2 14410.65 47 .13 0.4105 -0.1667 1 1.1222089E-02 general
2 14752.65 46.58 0.4120 -0.1673 1 1.0521387€-02 general
2 15102.65 46.04 0.4134 -0.1678 1 9.8042802E-03 general
2 15460.84 45.50 0.4149 -0.1684 1 9.0703851E-03 general
2 15827.42 44.98 0.4163 -0.1680 1 8.3193087E-03 general
2 16202.58 44 .47 0.4176 -0.1695 1 7.5506486E-03 general
2 16586.53 43.96 0.4190 -0.1701 1 6.7639929E-03 general
2 169879.46 43.47 0.4203 -0.1706 1 5 .958920BE-03 general
2 17381.60 42.98 0.4216 -0.1711 1 5.1350004E-03 general
2 17793.15 42.49 0.4229 -0.1717 1 4.2917910E-03 general
2 18214.33 42.00 0.4242 -0.1722 1 3.4288410E-03 general
2 18645.37 41.53 0.4255 -0.1727 1 2.5456881E-03 general
2 19086.51 41.07 0.4268 -0.1732 1 1.6418593€-03 general
2 19537 .97 40.62 0.4280 -0.1737 1 7.1687086E-04 general
2 20000.00 40.17 0.4292 -0.1742 1 .2.2977318E-04 general

wp wetting time [yrl: 2150.

wp failure time [yrl: 19538.

penetration by dry oxidation [m]: 5.992€E-03
ochoed input data in: echo_fail.dat
output data are in files: temphumd.dat and corrode.out
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a

NOTE TO: KTl Teams

FROM: TSPA&I Team

SUBJECT: STANDARDIZATION OF SENSITIVITY ANALYSES

In response to the inquiries made conceming how to benchmark the
sensitivity analyses, below are some guidelines for the purpose of
establishing consistency from one team to another.

Time frame: 10,000 yr
In some cases, there may be a need to run for longer time periods
such as 100,000 yr. This time will require an extremely long run-
time (days.....). The TSPA&I team will provide a peak dose versus
time plot for your use in judging how long a simulation to do.

Location of Critical Group: 5 Km

TSPA&I will make available results for 5Km at 10,000 yrs and 20
Km at 100,000 yrs.

Number of subareas: 7

Sampled Parameters: Sample the parameters that are appropriate to
your particular module. TSPA&I will provide an input file with the
mean of all parameters. For parameters that are not in your
module, but are important to sample, TSPA&I KT1 recommends

ysing 3 nominal values, such as a low, medium, and high value for
infiltration. '

Reminders:
Remember to save your input files for the purposes of debugging
and documentation.
Calculate correlation coefficients for your sampled parameters and
the module output; your sampled parameters and dose.

From: Sitakanta Mohanty

T Subject: Release of TPA Code Version 3.1
09-08-97 12:19 PM
e T T
TPA code users: . .
. TPA code version 3.1 is now available for use. To avoid confusion, please get e —
et e of all beta versions of TPA 3.1, including data associated with previous
beta versions. The data set available with the TPA 3.1 is considered the base ]
ey cage,  This base case may change if NRC provides us with new data. A draft
handout is also available that includes description of the base case data set. [
T The draft handout has sufficient details to get started with using the TPA code.
A copy of the draft handout can be obtained from Cathy. e —
‘M\‘w\“‘”‘”‘“w“
-Sitakanta A ———
“wm
You can do the following to get rid of old versions of the TPA code: e
mwwmw
If the name of your old working directory for TPA code, for example, is TPARUN5, e —
—i T then use the commands
e % unalias rm T
rm -r TPARUN5 U
R
The last command line will not work if you are currently in the directory ————
““‘“W“‘mmw TPARUNS.
S ————— T Setting up the Environment file: T
T ————r e T Modi fy the ccshre.local file by adding one extra line. T
- setenv tpa3_1 /(pathname)/TPARUN
T Path name can be found by typing the command pwd.
- A Example: If the path name is /bscr3/mohanty, then
o setenv tpa3_1 /bscr3/mohanty/TPARUN
o Now get rid of all old setenv lines in the file .cshrc.local corresponding to
o the beta versions. Save the file and type: ——
3 source .cshre —————
- To ensure correct setting of the environment, type:
echo $tpa3_1
If your path (for example) is /bscr3/mohanty/TPARUN, echo command will display
”"”“ - it on the screen.
T To copy the new directory of files:
T mkdir TPARUN
o cd TPARUN SR
T cp /solapps/cnwra/tpa3_1/tpa.inp.master tpa.inp
[ cp -r /solapps/cnwra/tpa3_1/data . e —
. RUnNing the code: s
I U
/solapps/cnwra/tpa3_1/tpa.e
e A TS5 TV—
e . - - A S
R
\




- Sensitivity Analyses for the Evolution of the Near-Field Environment (ENFE) KTI-
September 23, 1997

Four sets of analyses are planned:

-+ 1) Cement effects

[2) Chloride and oxygen effects |

3) Iron oxide effects

4) Natural analog oxidation rate controlled release

_ For each of these sets, runs will be conducted using the mean value base case and

varying parameters as described below to approximate postulated near-field effects on

repository performance. These analyses will be conducted with no disruptive scenarios
- (i.e., no volcanism, faulting, nor seismicity). Seven repository subareas will be used.
Twenty radionuclides will be used (Cm-246, U-238, Cm-245, Am-241, Np-237, Am-243, -

Pu-239, Pu-240, U-234, Th-230, Ra-226, Pb-210, Cs-135, I-129, Tc-99, Ni-59, C-14,
Se-79;-Nb-94, CI-36). We will consider a 10K year time frame, with runs extended to
longer periods (e.g., 100K years) as determined to be necessary. The primary

performance measure will be peak dose (PKTEDE). The analyses described here may -

be modified in response to interim results obtained during the conduct of the analyses.
i

|

%

Chloride and Oxygen Effects

Sensitivity analyses of chloride and oxygen concentrations in the near-field aqueous

- environment will investigate the counter balancing roles of these two species on the
_ onset of localized corrosion of the waste package and their effects on waste package

life. During heating of the repository the chloride concentration increases while oxygen
decreases due to purging by boiling of ambient groundwater in the partially saturated

- tuff host rock. Conversely, as the repository cools, the chloride concentration decreases
. while oxygen increases. Water films on the metal surfaces will contain a variety of
~ components, including chloride and other soluble anionic species. Chloride ions are

known to promote localized corrosion and enhance general corrosion of container
materials. Evaporation of water contacting the waste package could lead to increasing

- chloride concentrations and eventually to brine formation on the outer overpack surface
. enhancing the susceptibility of both the outer and inner containers to localized corrosion

e e
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| " To determine the possible effect of varying chloride and oxygen concentrations on
~ dose, calculations will be made by modifying the values of these parameters in the

am————— e

25

————— EBSFAIL module of TPA 3.1. Waste package corrosion depends on the corrosion
.. potential and the critical potential required to initiate localized corrosion. In EBSFAIL the ~

s

A A

———— A

TN N——

S ————

Chloride Concentration (mol/L)

_____ corrosion potential is strongly dependent on oxygen concentration and the critical
potential, conservatively represented by the repassivation potential, is assumed to

depend only on chloride concentration and temperature. For a given temperature,

0.14

0.12

0.1

0.08

0.06

0.04

0.02

localized corrosion only occurs above a critical chloride concentration, [Cl].. Froman { ~
estimate of the near-field environment over time as predicted by MULTIFLO, the impa
of chloride and oxygen concentrations on peak dose will be evaluated.

7

Time (yr)

multiflo.dat y
- TPt n 3.510
Oxygen ... .
L mmmeneeen Chloride ... . 4
-4 310
f 1 2510*
1 210
; 4 15 10"
4 110"
J 5108
e\ J 010°
T r 1 a3 1aaal r a2 a2l g gl L a2
10 100 1000 10* 10°

1
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10/2/97

PLOTL OF WP FA/LURE TIFE Fok AASE (I

AN D VAR ATIONS

TPA3.1.1 Results for WP Failure Time (All Subareas)

Base Case - 250 Vectors

1.0 T T T T | | T T T T T T
0.8 - -
0.6 - -
CDF -
04 I ‘—Jf’_’_’__r'r —
0.2 |- -
1 I 1 I 1 1 l i 1 I 1 1 I
0 8000 12000 16000 20000

WP Failure Time (yr) - All Subareas
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PLOTL OF WP FA/LUAETIHA Fm( LASE 4IE

AN D VAR ATIONS

TPA3.1.1 Results for WP Failure Time (All Subareas)
Base Case - 250 Vectors

‘ 1 1 1 ) I I 1 ) ¥ 1 I

CDF go L

1 1 i y |

0-0 A 1 | 1 1 ) 1 1
0 4000 8000 12000 16000

WP Failure Time (yr) - Al Subareas
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PLOTA OF WP FA/LUAE TIHAE fok AASE (&

AN D VARY ATIOANS ‘

ubareas) for Case a1 and Case b1

TPA3.1.1 Results for WP Failure Time (All S
d for AA11 and AA21, Respectively)

(Base Case Values and Lower Limit Increase

1.0 | ¥ ¥ T l 1 i 1 ] I l ] 1 1 ] I |
—— case a1l
— - case b1
0.8 -
0.6 -
CDF | — __ _—
i T
0.4 | -
0.2 -
] 1 1 L l L L 3 1 I 1 1 l L L L 1 l [ [ | l
0 4000 8000 12000 16000 20000

WP Failure Time (yr) - All Subareas



26

10/2/97

PLETS OF WP FA/LUPE TIMAE fok PASE (3£

AN D VAR A7IOANS

Number of Failures

Number of WP Failures for All Subareas

400

350 +
B case al

O case bl

300 1+

250 +

200

150 1

100 +

Failure Time (yr)
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From: Sitakanta Mohanty
Subject: base-case outputs
10-10-97 10:49 AM

Sensitivity Analyses Group:

The followings are the directories containing output files from various TPA code

base case runs.

some directories you may have more information than you need.

available for 100 realizations.

These directories can be found at

et e e

Coce \2

e _Q:ubu.r - R

You may be interested in *.res, *.abb, and *_ hdr files and in

Results are

/solapps/cnwra/tpa3_11/A_sens

La Che

o yat.
“ 3‘&\04"1"&

¢ ° g
¢ v ¢
N TS .mwm;‘.£W3r:_‘y~wuw,uém-u_“ e TR
“
LA I S .
..‘ I b L
k$\' S S e -
{ \ —
SRR ‘u.,,m,... — — — QV' - T [ - p— - -

Directory name Content Computer
run at mm——
3.1.20ka.5km.KTI 5km, 20000 yr, all scenarios ON, NRC mmm—
3.1.100ka.20km.KTI 20km, 100000 yr, all scenarios ON, NRC
3.1.20ka.5km.ns.sm S5km, 20000 yr, all scenarios OFF, CNWRA Trmm—
3.1.100ka.20km.ns.sm  20km, 100000 yr, all scenarios OFF, CNWRA
3.1.20ka.5km.mean.sm 5 km, 20000 yr, all scenarios OFF (mean values) CNWRA T
As you may have heard at yesterday’s telecon, Virginia Colten-Bradley wants you -
to use these files (at least a part, if not all). If you notice any R
discrepancies, please report to me immediately. Thanks.
-$itakanta -
b 1A Lbe B boe den
N S e e s e . (:‘\ - P‘ . . - . .w,~ e e
' @ Tobtt, E0S relesee < D“"‘-P\Maﬁof\ ‘:“&0(’_
(V0 veckod)
{d’;& (ases
. ‘;‘5’» S - S . ‘Y, . o
‘_,4&“ -, : Aot a) 10 e 1,5,-"
4 - - )g: . - ) A
- p f q,
(C-) q ! At b) 2X\0  yeen. 2/4,('
\ - e ARy S i - -
: { N a
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TPA3.1.1 Results of Total EBS Release (Ci) for
Chloride Multiplication Factors of 1, 15.5, and 30
(10,000 years and 10 Vectors)

25000 1 T I i T T ] T T T T l T T T ¥ l
i O Results from Each Vector
O Average Value for the CMF
N o) i
20000 _
5 o J
15000 o _
- Total EBS Release © —
(Ci)
10000 - _
5000 —
: /D T |
i o o
0 ] ] 8 | *81 J &
0 10 20 30

Chloride Multiplication Factor (CMF)

Cabe 3 { 5
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TPA3.1.1 Results of Total EBS Release (Ci) for
Chloride Multiplication Factors of 1, 15.5, and 30
(10,000 years and 10 Vectors)

, T l T 0 l T T T é
O Resuits from Each Vector o (0]
10000 0O Average Value for the CMF N
,/p V MMWD o
o O
1000 |- N
- o ]
(o]
Total EBS Release i o
(Ci) I o
100 | 8 -
o]
10 = o 0 o =
l C I ] L 1 ! 1 | 1 § 1 1 ] 1 1 ] 1 i
0 10 20 30

Chloride Multiplication Factor (CMF)
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TPA3.1.1 Results of Total EBS Release (Ci) for
Chloride Multiplication Factors of 1, 15.5, and 30

(20,000 years and 10 Vectors)
30000 Ll 4 l T T T I T T 1 T ‘ T I
O Results from Each Vector
O Average Value for the CMF
25000 | ° i
o}
20000 - -
Total EBS Release o
(Ci) I / J/ 1
15000 o -
N o b
- ' ’ O -
10000 |- o -
- v 2 O -
O
5000 |- 3 8 ]
O | ji | 1 | 1 el } | 1 L 1 1 (e
0 10 20 30

Chloride Multiplication Factor (CMF)
Case 4 2 ©
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TPA3.1.1 Results of Total EBS Release (Ci) for
Chloride Multiplication Factors of 1, 15.5, and 30

(20,000 years and 10 Vectors)
l T T l I T I ol 1 ‘ T | lmy Vl‘ ”gw 1—:
O  Results from Each Vector . g 0
O Average Value for the CMF o
O o ]
o
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o E
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icount= 700

2O

there are 100 vectors }V
# subareas = 7

sim time = 10000.0000000000 ’ ’n &ih,l/om\ /, %
nukaed/ 020t
L ~7

for subarea 1

bin number lower Llimit upper Limit midpt bin frequency
1 0.00 500.00 250.00 0
2 500.00 1000.00 750.00 1]
3 1000.00 1500.00 1250.00 0
4 1500.00 2000.00 1750.00 0
5 2000.00 2500.00 2250.00 0
5} 2500.00 3000.00 2750.00 0
7 3000.00 3500.00 3250.00 66
8 3500.00 4000.00 3750.00 0 ———
9 4000.00 4500.00 4250.00 0
10 4500.00 5000.00 4750.00 0
11 5000.00 5500.00 5250.00 0
12 5500.00 6000.00 5750.00 0
13 6000.00 6500.00 6250.00 0
14 6500.00 7000.00 6750.00 0
15 7000.00 7500.00 7250.00 0
16 7500.00 8000.00 7750.00 0
17 8000.00 8500.00 8250.00 1/ A
18 8500.00 9000.00 8750.00 0
19 9000.00 9500.00 9250.00 o]
20 9500.00 10000.00 9750.00 33
total number in bins = 100
for subarea = 2
bin number lower Llimit upper limit midpt bin frequency
1 0.00 500.00 250.00 0 e
2 500.00 1000.00 750.00 0 -
3 1000.00 1500.00 1250.00 0
4 1500.00 2000.00 1750.00 0 s
5 2000.00 2500.00 2250.00 0 e
B 2500.00 3000.00 2750.00 0
7 3000.00 3500.00 3250.00 71 —
8 3500.00 4000.00 3750.00 0 -
9 4000.00 4500.00 4250.00 0
10 4500.00 5000.00 4750.00 0 e
11 5000.00 5500.00 5250.00 0 -
12 5500.00 6000.00 5750.00 0
13 6000.00 6500.00 6250.00 0 B
14 6500.00 7000.00 6750.00 0 e
15 7000.00 7500.00 7250.00 1 J/
16 7500.00 8000.00 7750.00 0 "
17 8000.00 8500.00 8250.00 o -
18 8500.00 9000.00 8750.00 0
19 9000.00 9500.00 9250.00 o re—
20 9500.00 10000.00 9750.00 28 —
total number in bins = 100
-
for subarea = 3
bin number lower Llimit upper limit midpt bin frequency

1 0.00 500.00 250.00 0
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L =

~n

QN LN LN

9
10
11
12
13
14
15
16
17
18
19
20

total number in bins =

for subarea =
bin number

O N OO W N =

©

10
"
12
13
14
15
16
17
18
19
20

Xotal number in bins =

500.00
1000.00
1500.00
2000.00
2500.00
3000.00
3500.00
4000.00

4500.0

0

5000.00
5500.00
6000.00
6500.00

7000.0

0

7500.00
8000.00
8500.00
9000.00

9500.0

4

lower limit

0.0

0

0

500.00

1000.0
1500.0
2000.0
2500.0
3000.0
3500.0
4000.0
4500.0

0
0
0
0
0
0
0
0

5000.00

5500.0
6000.0

0
0

6500.00

7000.0

0

7500.00
8000.00

8500.0

0

9000.00

9500.0

for subarea = 5

bin number

—_

- 0O W0 N O LA WN =

lower Llimit

0.
500.
1000.
1500.
2000.
2500.
3000.
3500.
4000.
4500.

5000.

0

00
00
0o
00
00
00
00
00
00
00
00

1000.
1500.
2000.
2500.
3000.
3500.

00
00
00
00
0o
00

4000.00

4500.
5000.

00
00

5500.00
6000.00
6500.00
7000.00

7500.

00

8000.00
8500.00
9000.00
9500.00
10000.00

100

upper limit

500.00
1000.00
1500.00
2000.00
2500.00
3000.00
3500.00
4000.00
4500.00
5000.00
5500.00
6000.00
6500.00
7000.00
7500.00
8000.00
8500.00
9000.00
9500.00

10000.00

R\

upper Llimit
500.
1000.
1500.
2000.
2500.
3000.
3500.
4000.
4500.
5000.
5500.

0o
00
00
00
00
00
0o
oo
00
00
00

750.00
1250.00

1750.

00

2250.00
2750.00
3250.00
3750.00
4250.00
4750.00
5250.00
§750.00
6250.00
6750.00
7250.00
7750.00
8250.00
8750.00
9250.00
9750.00

midpt bin

250.00

750.00
1250.00
1750.00
2250.00
2750.00
3250.00
3750.00
4250.00
4750.00
5250.00
5750.00
6250.00
6750.00
7250.00
7750.00
8250.00
8750.00
9250.00
9750.00

midpt bin
250.
750.
1250.
1750.
2250.
2750.
3250.
3750.
.00

4250

4750.
5250.

00
00
0o
00
00
00
00
00

00
00

frequency

frequency

0
0 i
0 20
0 /2

63/ ”yh-*’ //30)
1 Md«/f 21%‘
0 ¥
0
0
0
0
0 —
0
0
0
0
0 —

36 =
0
0
0 -
0 e
0
0

51 -
0 T
0 -
0 ‘«
0 L
0 —
. ;
0
0
. F

48
0
0
0

0
0
0
0
0
0
0
0
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e

12 5500.00 6000.00 5750.00 0
13 6000.00 6500.00 6250.00 0
14 6500.00 7000.00 6750.00 0
15 7000.00 7500.00 7250.00 0
16 7500.00 8000.00 7750.00 0
17 8000.00 8500.00 8250.00 0
18 8500.00 9000.00 8750.00 0
19 9000.00 9500.00 9250.00 0
20 9500.00 10000.00 9750.00 100
total number in bins = 100
for subarea = 6
bin number lower Llimit upper limit midpt bin frequency
1 0.00 500.00 250.00 0
2 500.00 1000.00 750.00 0
3 1000.00 1500.00 1250.00 0
4 1500.00 2000.00 1750.00 0
5 2000.00 2500.00 2250.00 0
6 2500.00 3000.00 2750.00 0
7 3000.00 3500.00 3250.00 0
8 ) 3500.00 4000.00 3750.00 24
9 4000.00 4500.00 4250.00 0
10 4500.00 5000.00 4750.00 0
1 5000.00 5500.00 5250.00 0
12 ’ 5500.00 6000.00 5750.00 0
13 6000.00 6500.00 6250.00 0
14 6500.00 7000.00 6750.00 0
15 7000.00 7500.00 7250.00 ]
16 7500.00 8000.00 7750.00 0 ///
17 8000.00 8500.00 8250.00 1
18 8500.00 9000.00 8750.00 0
19 9000.00 9500.00 9250.00 0
20 9500.00 10000.00 9750.00 75
total number in bins = 100
for subarea = 7
bin number lower Limit upper limit midpt bin frequency
1 0.00 500.00 250.00 0
2 500.00 1000.00 750.00 0
3 1000.00 1500.00 1250.00 0
4 1500.00 2000.00 1750.00 0
5 2000.00 2500.00 2250.00 0
6 2500.00 3000.00 2750.00 0
7 3000.00 3500.00 3250.00 0
8 3500.00 4000.00 3750.00 0
9 4000.00 4500.00 4250.00 0
10 4500.00 5000.00 4750.00 0
11 5000.00 5500.00 5250.00 0
12 5500.00 6000.00 5750.00 0
13 6000.00 6500.00 6250.00 0
14 6500.00 7000.00 6750.00 0
15 7000.00 7500.00 7250.00 0
16 7500.00 8000.00 7750.00 0
17 8000.00 8500.00 8250.00 0
18 8500.00 9000.00 8750.00 0
19 9000.00 9500.00 9250.00 0
20 9500.00 10000.00 9750.00 100

total number in bins = 100



Wp f?li/dr'e qfﬂne,

faifwre limes by subwrea for CMYF = 1 to 30 (wuform) and

| 190 vectars

vector CMF sal 382 sa3 sad sad
93] 1.1 10000 | 10060 | 10000 | 10000 | 10000
s7] 18 10000 | 10000 | 10000 [ 10g00_} 10000
| 69 1.7 10000 10000 10000 10000 10000

32| 19 toona_| 10000 | 10000 | 10000 | 10000

gl 23 10000 | 10000 | 10000 | 10008 | 10000
34| 27 10000 | 10000 | 10000 | 10000 | 10000
30| 28 10n00_| 10000 | 10000_| 10000 | 10000
s 33 Vogac | 100g0 | 10000 | 10000 | 10000
93] 34 0000|1000 | 10000 | 10000 | 10000
as| 3.6 10000 | 10000 | 10a00_| 10000 | 10000

3] a1 10000 | 10000 | 10800 | 10000 | 10000
35| 43 10000 | 10000 | 10000_| 10900 | 10000

51 a7 0000 | 10000 | 10000 | 1oong | 10uan
61| 48 10000 | 10000 | 10000 | _16009_[ 10000
TN 10000 | 10000 | 1000 | 10000 | 10000
39| s5 o000 | 10000 | 10000 | 10090 | 10000
[ K Jo0n0_ | 16000 | t00an | 100ac | 10000
67 6.0 10000 “Tonoo
87| 64 10000 10000
88| 67 10000 | 10000

7. 69 10000 10000 )
9] 72 o000 | 10000

10000 I L A T

X 10000 10000 | 10000 | 0000 | 10000 |
T ss 10000 T1o00g | 10007 | 10000 | 10000

2 R 10060 16000 | 10000 & 10000 | 10008
MK 10000 10000 {10000 | 10000 | 10000
50| 94 7205.3 10000 | 10000_| 10000_| 10000

|96 33843 10000 | 10000_| 10000 | 10800
75100 33813 10000 | 1000 | 10600 | 10009
55101 33813 10000 | 1000|1000 _| 10008
83| 104 33313 10000 |__toona | _10000_| 1000

3 109 33843 1 QI\l)ﬂ 10000 19000 10000

33843 168000 10000 10000 1000707

ETIEN “iocon | tong | 10000 |10

HEN 1hoge 0, ey

31843 o0 i 19000

T1amaa

10006

o
10004

Tronon |

000

10000

10000

18000

Lo
ooad

10000

Tionos |

10006

Tioued |

10000

33843

.‘.4
10000

s

5 | Tiooen

jann
100405}

. “IG(H)U

65 3384.3 10000
vs 33843
2 33813 1
17 33843 1ogu0_| 10000
7 33943 10000_| 19000
56 33843 31659 | 10000_| 10000
26 33913 31659 | 10000 | 10000
38 33843 34639
99 33313 31659
42 31313 34659
2 33813 2165.9
A 33813 |
6 33811 )00
13 1384.3 10660 )
2 33813 1onen _yn0ay_

_reang
1066

10090

R

. BRI
37| 33813 34659 | 10000 |
7T | s N 55| 0|
61 242 | 13817 | [3iesg | 1000p
361 245 | 33013 2l -
Al 245 | 33813 | 34639
58] 253 | 33843 31659
9 254 33813 34659
1257 | 33ald

iob i

PO

33659 | 10000 |

14000
10080

T Jonng |

10600
¢ &

10000

10000 10000
10000 10800
10060 1000¢
10008 10000
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ey

s

subarea = 4
average wp fail time

1 9
2 10
3 3
4 4
5 1
6 2
7 8
8 7
9 5
10 6
subarea = 5

average wp fail time

O W NOU DA WN =
s
Do MO = WM N

-

subarea = 6
average wp fail time

1 9
2 8
3 10
4 2
5 3
6 1
7 6
8 7
9 4
10 5
subarea = 7

average wp fail time

O YD OO AN

DO OO YO D

NN N N N N N N NN

3478 .5000000000

.9000
.8000
.7000
.6000
.5000
.4000
.3000
.2000
.1000
.0000

o0 00 o000 o000

28629.800000000

.8000
.8000
.7000
.6000
.5000
.4000
.3000
.2000
.1000
.0000

[~ == I = N — B~ B = R = i~}

27968.100000000

.9000
.8000
.7000
.6000
.5000
. 4000
.3000
.2000
.1000
.0000

OO0 00000 o0 0o

28629.800000000

28629.
28629.
28629.
28629.
28629.
28629.
28629.
28628.
28629.
28629.

27968.
27968.
27968.
27968 .
27968.
27968.
27968.
27968.
27968.
27968.

28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.

8000
8000
8000
8000
8000
8000
8000
8000
8000
8000

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
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jcount= 70

there are 10 vectors

§ # subareas = 7
§ sim time =  30000.000000000
1 4 1 0.8000 3307.8000
2 9 1 0.8000 3307.8000
3 10 1 0.7000 33078000
4 3 1 0.6000 3307.8000
5 6 1 0.5000 3307 .8000
6 5 1 0.4000 3307.8000
7 7 1 0.3000 33078000
8 2 1 0.2000 3307.8000
9 8 1 0.1000 3307 .8000
10 1 1 0.0000 3307.8000
subarea = 1

3307 .8000000000

average wp fail time

1 4 2 0.9000 3307 .8000
2 3 2 0.8000 3307.8000
3 10 2 0.7000 3307.8000
4 6 2 0.6000 3307 .8000
5 5 2 0.5000 3307.8000
6 7 2 0.4000 3307.8000
7 9 2 0.3000 3307 .8000
8 2 2 0.2000 3307.8000
9 1 2 0.1000 3307.8000
10 8 2 0.0000 3307.8000
subarea = 2

average wp fail time 3307 .8000000000

1 8 3 0.9000 3392.2000
2 7 3 0.8000 3392.2000
3 1 3 0.7000 3392.2000
4 5 3 0.6000 3392.2000
5 6 3 0.5000 3392.2000
6 9 3 0.4000 3392.2000
7 10 3 0.3000 3392.2000
8 3 3 0.2000 3392.2000
9 2 3 0.1000 3392.2000
10 4 3 0.0000 3392.2000
subarea = 3

average wp fail time 3392.2000000000

1 3 4 0.8000 3478.5000
2 2 4 0.8000 3478.5000
3 6 4 0.7000 3478.5000
4 10 4 0.6000 3478.5000
5 7 4 0.5000 3478.5000
6 8 4 0.4000 3478.5000
7 4 4 0.3000 3478.5000
8 9 4 0.2000 3478.5000
9 5 4 0.1000 3478.5000
10 1 4 0.0000 3478.5000




jcount= 70

there are 10 vectors

% # subareas = 7
| sim time = 30000.000000000
1 4 1 0.9000 3307.8000
2 9 1 0.8000 3307.8000
3 10 1 0.7000 3307.8000
4 3 1 0.6000 3307.8000
5 6 1 0.5000 3307.8000
6 5 1 0.4000 3307.8000
7 7 1 0.3000 3307.8000
8 2 1 0.2000 3307.8000
9 8 1 0.1000 3307.8000
10 1 1 0.0000 3307.8000
subarea = 1

3307.8000000000

average wp fail time

1 4 2 0.9000 3307 .8000
2 3 2 0.8000 3307.8000
3 10 2 0.7000 3307.8000
4 6 2 0.6000 3307.8000
5 5 2 0.5000 3307.8000
6 7 2 0.4000 3307.8000
7 9 2 0.3000 3307.8000
8 2 2 0.2000 3307.8000
9 1 2 0.1000 3307.8000
10 8 2 0.0000 3307.8000
subarea = 2

average wp fail time 3307 .8000000000

1 8 3 0.9000 3392.2000
2 7 3 0.8000 3392.2000
3 1 3 0.7000 3392.2000
4 5 3 0.6000 3392.2000
5 6 3 0.5000 3392.2000
] 9 3 0.4000 3392.2000
7 10 3 0.3000 3392.2000
8 3 3 0.2000 3392.2000
9 2 3 0.1000 3392.2000
10 4 3 0.0000 3392.2000
subarea = 3

3392.2000000000

average wp fail time

1 3 4 0.9000 3478.5000
2 2 4 0.8000 3478.5000
3 B 4 0.7000 3478.5000
4 10 4 0.6000 3478.5000
5 7 4 0.5000 3478.5000
6 8 4 0.4000 3478.5000
7 4 4 0.3000 3478.5000
8 9 4 0.2000 3478.5000
9 5 4 0.1000 3478.5000
10 1 4 0.0000 3478.5000
—
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icount= 70

there are
# subareas
sim time =

the average

O W O NV & W -

-

subarea =
average wp

QQ@NQM&(AN—‘

[y

subarea =
average wp

© © ® N DN WN -

—_

subarea =
average wp

W 0O~ W p W -

N W= o oo o

10 vectors
= 7
30000.000000000

failure time (yr) i

ey
o o

WO = N0 o
e T S Sy

1
fail time =

-
Q N &N

NNNNNNNNNN

2
fail time

—_
NQ—‘G)COU’!OI‘.JNA

mmwmuuwuuu

3
fail time

n

iy
O N O @
-h-h&-h-h-h-bh-h

U = W

s

CoOo0o0cooocoo

Coocooocooo

Cooocooocooo

OOOOQOOQOO

.9000
.8000
.7000
.6000
.5000
.4000
.3000
-2000
.1000
0.

0000

-9000
.8000
.7000
.6000
.5000
-4000
.3000
.2000
.1000
0.

0000

.9000
.8000
.7000
.6000
.5000
.4000
.3000

2000

.1000
.0000

.9000
.8000
.7000
.6000
.5000
.4000
.3000
.2000
.1000

27880.

27321.500000000

27321.500000000

27321.500000000

042857143

27321
27321
27321
27321
27321
27321
27321
27321
27321
27321

27321
27321
27321
27321
27321
27321
27321
27321
27321
27321

27321
27321
27321
27321
27321
27321
27321
27321
27321
27321

27968.
27968,
27968.
27968.
27968.
27968.
27968.
27968.

27968

.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000

.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
-5000

.5000
.5000
-5000
.5000
.5000
.5000
.5000
-5000
.5000
.5000

1000
1000
1000
1000
1000
1000
1000
1000
.1000
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10 4

subarea = 4
average wp fail time

1 10
2 9
3 3
4 4
5 1
6 2
7 8
8 7
9 5
10 6
subarea = 5

average wp fail time

O WO N A WN =
—
WO O = NN O

-

subarea = 6
average wp fail time

1 8
2 9
3 10
4 2
5 3
6 1
7 6
8 7
9 4
10 5
subarea = 7

average wp fail time

[ I B R & I S LB S B S B I LR &

[~ T~ T - R = B« R 2 O - - B - ]

NONON N N N N N NN

0.0000

27968.100000000

.9000
.8000
.7000
.6000
.5000
.4000
.3000
.2000
.1000
.0000

OO0 0000 O0OO0OO0oOO0o

28629.800000000

.9000
.8000
.7000
.6000
.5000
.4000
.3000
.2000
.1000
.0000

O o000 000000 OO0

27968 .100000000

.9000
.8000
.7000
.6000
.5000
.4000
.3000
.2000
.1000
.0000

OO0 00000000

28629.800000000

27968,

28629.
28629.
28629.
28629.
28629,
28629.
28629.
28629.
28629.
28629.

27968.
27968,
27968.
27968.
27968.
27968.
27968,
27968.
27968.
27968,

28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.

1000

8000
8000
8000
8000
8000
8000
8000
8000
8000
8000

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
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icount= 210

} there are 30 vectors

# subareas = 7

sim time = 30000.000000000
1 13 1 0.9667
2 12 1 0.9333
3 27 1 0.8000
4 15 1 0.8667
5 14 1 0.8333
6 9 1 0.8000
7 8 1 0.7667
8 29 1 0.7333
9 1 1 0.7000
10 28 1 0.6667
11 10 1 0.6333
12 25 1 0.6000
13 21 1 0.5667
14 24 1 0.5333
15 22 1 0.5000
16 23 1 0.4667
17 16 1 0.4333
18 17 1 0.4000
19 20 1 0.3667
20 19 1 0.3333
21 26 1 0.3000
22 18 1 0.2667
23 4 1 0.2333
24 30 1 0.2000
25 6 1 0.1667
26 5 1 0.1333
27 2 1 0.1000
28 1 1 0.0667
29 3 1 0.0333
30 7 1 0.0000

subarea = 1

average wp fail time

1 13
2 12
3 1
4 27
5 14
6 15
7 8
8 28
9 9
10 10
1 7
12 21
13 25
14 20
15 23
16 22
17 17
18 26
19 16

MO RN N NRNRORRBRNRDNRNRNNDRNNDN

3307 .8000000000

.9667
.9333
.8000
.8667
.8333
.8000
.7667
.7333
7000
.6667
.6333
.6000
.5667
.5333
.5000

.4667
.4333

.4000
.3667

QQQDOOCOOOOODOODOOO

3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.

3307.

3307.

3307.

3307.

3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.

3307.
3307.

3307.
3307

3307
3307

8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000

8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000

8000
. 8000

.8000
.8000
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21
22
23
24
25
26
27
28
29
30

subarea =

average wp
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OCDWNO’U"&GN—‘O(DNNQU‘&@N—‘

subarea =

average wp
1
2
3
4
5
6
7
8
9

10
1

19
18
24

30

29

2
fail time

26

3
29
17
30
14
27
16

8

4
15
13
23

1
22
24

7
18

2
19
21
20
25

9
12

5
28

]
11
10

3
fail time

19
25

2
29
17
1
30

5
18

3
24

NNNNNNNNNNN

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

h-b-bb-b.h-bb&b&

0.3333
.3000
. 2667
.2333
.2000
.1667
.1333
1000
.0667
.0333
.0000

o

OOOOQOOCD

3307 . 8000000000

(=}

9667
9333
.8000
8667
8333
8000
7667
.7333
7000
.6667
6333
6000
.5667
5333
5000
.4667
4333
4000
3667
.3333
.3000
.2667
2333
2000
1667
.1333
1000
.0667
.0333
.0000

OOOOODOOOOQOOOOOOOOQ

OOOQOOODO

3392 . 2000000000

0.9667
0.9333
0.9000
0.8667
0.8333
0.8000
0.7667
0.7333
0.7000
0.6667

3307

3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.
3307.

3392.
3392.
3392.

3392

3392.
3392.

3392

3392.

3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392
3392

3478
3478
3478
3478
3478
3478
3478
3478
3478
3478
3478

.8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000

2000
2000
2000
.2000
2000
2000
.2000
2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000
.2000

.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000




12 23 4 0.6000 3478.5000
13 7 4 0.5687 3478.5000
14 28 4 0.5333 3478.5000
15 9 4 0.5000 3478.5000 T
16 20 4 0.4667 3478.5000
17 6 4 0.4333 3478.5000
18 10 4 0.4000 3478.5000
19 22 4 0.3667 3478.5000
20 21 4 0.3333 3478.5000
21 1 4 0.3000 3478.5000
22 27 4 0.2667 3478.5000
23 12 4 0.2333 3478.5000
24 4 4 0.2000 3478.5000
25 13 4 0.1667 3478.5000
26 14 4 0.1333 3478.5000
27 15 4 0.1000 3479.5000
28 8 4 0.0667 3478.5000
29 16 4 0.0333 3478.5000
30 26 4 0.0000 3478.5000

subarea = 4

3478 .5000000000

average wp fail time

1 25 5 0.9667 28629.8000

2 28 5 0.9333 28629.8000
3 26 5 0.9000 28629.8000

4 27 5 0.8667 28629.8000
5 30 5 0.8333 28629.8000
6 29 5 0.8000 28629.8000

7 24 5 0.76867 28629.8000

8 8 5 0.7333 28629.8000
9 7 5 0.7000 28629.8000
10 1 5 0.6667 28629.8000
1 9 5 0.6333 28629.8000
12 10 5 0.6000 28629.8000
13 2 5 0.5667 28629.8000
14 3 5 0.5333 28629.8000
15 1 5 0.5000 28629.8000
16 6 5 0.4667 28629.8000
17 5 5 0.4333 28629.8000
18 4 5 0.4000 28629.8000
19 20 5 0.3667 28629.8000
20 19 5 0.3333 28629.8000
21 18 5 0.3000 28629.8000
22 23 5 0.2667 28629.8000
23 21 5 0.2333 28629.8000
24 22 5 0.2000 28629.8000
25 12 5 0.1667 28629.8000
26 14 5 0.1333 28629.8000
27 13 5 0.1000 28629.8000
28 17 5 0.0667 28629.8000
29 16 5 0.0333 28629.8000
30 16 5 0.0000 28629.8000

subarea = 5

average wp fail time 28629.800000000

1 14 6 0.9667 27968.1000
2 29 B 0.9333 27988.1000
1 6 0.9000 27968.1000




subarea =
average wp
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.5667
.5333
0.5000
0.4667
0.4333
0.4000
0.3667
0.3333
0.3000
0.
o

0

0

0

0

0

0

0

8667
8333

2667

.2333
.2000
.1667
.1333
.1000
.0667
.0333
.0000

27968
27968
27968
27968
27968
27968
27968

27968.
27968.
27968,
27968.
27968.
27968.
27968.
27968.
27968.
27968.
27968.

27968

27968.
27968.
27968.
27968.
27968.
27968.
27968.
27968.

27968.100000000

0.
0.
0.
0.
0.
0.
0.
0.
0.7000
0.
0.
0.
0.
0.5333
0.5000
0.4667
0.4333
0.4000
0.3667
0.3333
0.
0

0

0

0

0

0

0

0

9667
9333
9000
8667
8333
8000
7667
7333

6667
6333
6000
5667

3000

. 2667
.2333
.2000
.1667
.1333
.1000
.0667
.0333

28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629.
28629,
28629.
28629.
28629,
28629,
28629.
28629.
28629.

28629
28629

.1000
.1000
.1000
.1000
.1000
.1000
.1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
.1000
1000
1000
1000
1000
1000
1000
1000
1000

8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
8000
.8000
.8000




30 15 7 0.0000 28629.8000

subarea = 7
average wo fail time = 28629 .800000000
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Total EBS Release
Casel0
vector | cum rel
(&)

1 1.19E+04
2 2.37TE+04
3 3.51E+04
4 7.37E+03
5 4.12E+04
6 9.14E+04
7 5.09E+03
8 1.35E+04
9 2.38E+04
10 3.53E+04
11 3.99E+03
12 2.61E+04
13 5. 76E+04
14 4.45E+04
15 4.65E+04
16 9.30E+02
17 8.75E+03
18 5.67E+04
19 5.42E+04
20 2.45E+04
21 1.52E+04
22 3.42E+04
23 3.69E+04
24 2.12E+04
25 6.10E+04
26 3.17E+04
27 1.47E+04
28 6.47E+04
29 4.89E+04
30 2.90E+04
average |3.23E+04
min |9.30E+02
max |9.14E+04

- —i

B
~ yfj( L il//vw/\ o Chlorder M /vérﬁl—é/ (,..l},,,., /4‘0ZL
~ [1/7(1 be ynmed [T (4D SO(M/MAM/ <o A
Casel0 e O.2/ /Ltv' ( %MW b/[ﬁ\ k@ﬂ/ Mnos @(J-Z/ “-’( )
vector (d:;e) " Tiege N a~r060 ke cese 1/ /Lé'(/u(g,( IO//O/*{#
rem/yr Crac
1 2.47E-04 - aed /2.
2 3.43E-04 o X
3 | 5.01E-04 ~ N\ .
4 1.53E-04 - L {
5 | 3.66E-04 . N (
6 1.20E-03 I
7 9.03E-05 o N\
8 2.41E-04 — L
9 2.43E-05 — AN
10 | 7.04E-04 — N\
11 7.72E-05 S, \
12 | 6.15E-05 R N
13 1.17E-03
14 | 6.89E-04
15 | 8.86E-04
16 | 1.41E-05
17 1.14E-04 } \\
18 | 7.58E-04 N\
19 | 1.04E-03
20 | 4.18E-04 N\
21 1.54E-04 AN
22 7.12E-04 - \
23 3.49E-05 - N\
24 | 3.54E-04 B N
25 1.27E-03
26 | 6.70E-04 - AN
27 | 1.68E-05 - AN
28 | 1.11E-03 — \L )
20 |103E-03) . N\ .
30 | 6.17E-04 T AN (
average { 5.02E-04 5 7x :
min | 1.41E-05 T SR sy blensih
max | 1.27E-03 - G -
/o/ﬁ 977
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Chloride Multiplication Factors of 1, 15.5, and 30
(30,000 years and 10 Vectors)

] T T T T I T T T I ] T T T T l

O Results from Each Vector
O Average Value for the CMF

0

(0]
O

O
O

0]
(@]
O
O s ‘g

5
0

0
8 8
fe) ]

((4mi> No)

I ] 1 i ! I 1 1 1 1 l

C%; 10 ‘ 20 30
LN Chloride Multiplic?(iln Factor (CMF) @




38

" /
g Cie 13: Munde, of resliz. tiowd /O C'/Ma/ff7

S;W)U/dn\ én«.@_ 20 oo y,

%ﬁd( ;M (A, ‘A :
Oges el ictoot; St (59)

— TPA3.1.1 Results of Total EBS Release (Ci) for

Chloride Multiplication Factors of 1, 15.5, and 30
- (30,000 years and 10 Vectors)
)T N 1 00000 7 T I T T T T I T T T T T T T T ]
[ s O Results from Each Vector o g
| i O Average Value for the CMF 8 o
0]
. O
= 8 S
- 10000
- o o o
"~ Total EBS Release
- o
N O
— 0
”“‘““‘“ 1000 | ©
m“ B - 0]
8
B (@]
— 1 0 0 1 1 | 1 1 ! 1 | 1 1 1 ! | 1 L 1 1 |
;;;;;;;;;;;;;;;; | 0 10 20 30

e Chloride Multiplication Factor (CMF)



39
— TZ’\Q Sy o[, ;‘cu f—&f /“QZeia__Q ./1’1 pa/d
— | ctdes wifly] Chotfanf0my e fpleoA fredéese
— 0] 0.2)~f, BAic cage fh Al 17 fort pairelsry
N 7, | v A
— ke londe Muolh plalo, facler Corslad
: . N - -
— | & Three Liffereet Fobet, are’ biked 4 HL
— aldedeq [45c,i The AL G pepp~Ai #
N [/ - i
— 10,000 + 20 000 acd 29 000 Jr $4 mblatin, frre
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— CUMREL.XLS
«— Total EBS Release
— Casel Case2 Case3 Cased Case5 Caseb Case8 Case9 Casel3
> vector cumrel | cumrel | cumrel | cumrel | cumrel | cumrel | cumrel | cumrel | cum rel
;_, (Ci) (8] (Ci) (Ci) (8] (Ci) (Ci (C) (€
f 1 9.44E+00] 3.30E+04] 9.44E+00! 6.18E+02| 9.44E+00| 3.72E+04} 5.60E+04] 3.59E+03| 6.30E+04
H 2 0.00E+00/| 1.62E+02| 0.00E+00] 1.91E+01| 0.00E+00{ 1.62E+02{ 3.42E+04| 5.28E+02| 3.88E+04
- 3 1.36E+04| 3.35E+04| 4.21E+02{ 5.58E+02| 1.53E+04{ 3.78E+04{ 4.66E+04| 3.39E+03| 5.24E+04
+ 4 0.00E+00]| 1.34E+04] 0.00E+00{ 2.70E+02| 0.00E+00| 1.52E+04| 3.09E+04| 1.42E+03| 3.48E+04| ~
L 5 1.80E+04| 4.93E+04] 5.94E+02| 7.97E+02| 2.11E+04| 5.57E+04{ 7.12E+04| 6.18E+03| 8.00E+04| -
P 6 0.00E+00| 7.8 1E+03| 0.00E+00]| 1.64E+02| 0.00E+00{ 8.84E+03| 2.06E+04| 6.6 TE+02} 2.32E+04
5 7 0.00E+00| 2.21E+04| 0.00E+00{ 4.05E+02{ 0.00E+00{ 2.49E+04| 3.66E+04| 2.49E+03| 4.12E+04
8 0.00E+00]| 4.44E+03| 0.00E+00| 8.79E+01| 0.00E+00| 5.00E+03}| 1.25E+04| 5.79E+02| 1.40E+04
” 9 2.46E+02| 4.00E+03| 3.42E+01} 7.37E+01| 2.8 7TE+02| 4.50E+03| 5.91E+03| 4.14E+02| 6.64E+03
— 10 2.21E+03|9.50E+03| 1.02E+02| 1.65E+02{ 2.48E+03| 1.07E+04} 1.38E+04| 1.12E+03| 1.56E+04
— | average |3.50E+03|1.77E+04| 1.16E+02| 3.16E+02| 3.91E+03| 2.00E+04| 3.28E+04 2.04E+03| 3.70E+04
— min | 0.00E+00} 1.62E+02| 0.00E+00| 1.91E+01{ 0.00E+00| 1.62E+02| 5.91E+03| 4.14E+02| 6.64E+03] —
- max | 1.89E+04| 4.93E+04| 5.94E+02| 7.97E+02| 2.11E+04| 5.57E+04| 7.12E+04| 6.18E+03| 8.00E+04| _
e \
e \
——— . \ L PR
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3500 60
4500 23
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9500 2
10500 1
11500 0
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14500 1
15500 6
16500 15
17500 11
18500 9
19500 10
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Summary of Cases for TPA3.1.1 Runs

Fow = 1,FMult = 0,05, and SAWetFr =~ 0.5
Fow = 1, FMult = 0.05, SAWetFr = 0.5 (no corr)
Fow = 1,FMult = 0.05, SAWetFr = 0.5 (no corr)

Distance to Critical Group

20
20
20
20
20

20

20

20
20
20

20

Oxygen Partial Pressure

021
0.21
0.21
0.21
021
021
0.21
0.21
0.21
0.21
triangular (2.1e-5,2.1e-1,2.1e-1)

triangular (2.1e-5,2.1e-1,2.1e-1)

0.21

triangular (2.1¢-5,2.1¢-1,2.1e-1)

0.21
021
021
021
0.21

triangular (2.1¢-5,2.1e-12.1e-1)

Chloride Multiplication Factor

15.5

15.5

uniform (1 - 30)

15.5

15.5

uniform (1 - 30)

uniform (1 - 30)

uniform (1 - 30)

8.25
825
8.25

15.5

15.5

uniform (1 - 30)

time (yr)
10,000
20,000

10,000

20,000

10,000

20,000

10,000

30,000

30,000

30,000

10,000

30,000

30,000

20,000

10,000

20,000

30,000

10,000

10,000

20,000

Realizations

10
10
10
10
10
10

100

10
10

100
100

10

100

10
10
10
10

100

Case

10

11

12
13
14
15

16
17
18
19

20




]
0 ~F R
-
SO-d£9 P |S0-a9T°9 [$0-a8+'T [90-TEE b [€0-HIL'T |S0-H9T9 [€0-HIT'1 |FO-HEP'D [SO-HSL'9 |SO-HP'T 90-dEt’Y |F0-dO1'9 |SO-dST9 Xeuw
60-360°S |£0-aLZ'6 |61-av0°1 {00+300°0|$0-H90°S |L0-HLT 6 |SO-HI9Y |61-AF0'T |00+00°0 |61-HY0'L 00+300°0|61-d90°1 |00+d00°0 unu
co-ar1°€ |co-a88°1 |90-900°S |L0-T0S L |¥0-dL9'9 |$0-d88'I |#0-H60'S |P0-HTZE'T |SO-H80'T [90-H00'S L0-90S°L |p0-ASZ'1 |$0-d80°'1 | o3eions
LO-A¥0°1 190-37S'8 [90-A0T € [80-ASE 1 [Y0-H69'€ [90-ATS'8 |FO-HYL'T |SO-HY6'S |80-HSE'] 90-d0Z°€ |80-H8E T {S0-H08'S |80-H8E'L o1
60-360°S [90-396°T |90-a€0°1 |11-30L T [v0-A9Y'T |90-A96'C |¥0-ALT'T |$0-HOT'I |11-HOLT {90-HEO'L 11-30L°T 1S0-d8T'T |11-90LT 6
S0-926°€ |90-aST € |80-Ar8°6 |00+300°0|PO-AEY T |90-HSTE (YO-FYT'T |90-A8T¥ [00+H000 80-d¥8°6 |[00+300°0 {90-HST'¥ |00+H00°0 8
S0-9L6'S |s0-ars’1 |L0-a¥0°6 |00+300°0{+0-TL1'6 [SO-TPS'T [F0-61'L |SO-HTOY [00+H000 |L0-HV0'6 00+d00°0 [SO-H1L’€E 100+300°0 L
S0-99Z'v |90-d89°9 |L0-d490°Z |00+500°0|¥0-18'T |90-989°9 |PO-HEY'T [90-HL6'8 |00+H00°0 LO-H90°T [00+H00°0 |90-469°8 |00+d00°0 9
S0~49€'V |$0-497'9 |S0-A8Y'T |90-AEE ¥ |€0-AIL'T |$0-TIZ'9 |€0-FITT {YO-HEY'9 {SO-HST 9 SO-d8%'T |90-HEE Y |$0O-HOL'9 |SO-HST9 S
S0~H9Z'Y |$0-AT1'1 ({L0-ASL € |00+H00°0|#0-F61'S |SO-HZI'T |VO-HLT ¥ [SO-AIL'T |00+H00°0 LO-FSL'E |00+300°0 |SO-HEI'T |00+H000 L4
S0-3E9°Y |S0-H8S ¥ |S0-T08'1 [90-H91'€ |€0-H0Z 1 |S0-A8S ¥ |V0-HYS'S |VO-ALLY {SO-AVIY S0~H08'T |90-T91'€ |PO-HLY Y |SO-HEI'Y £
S0-38¢7 |L0-9LT'6 |61-a50°1 |00+H00°0|S0-H90°S [L0-HLT 6 [SO-HI9Y |61-d¥0'T |00+H000 61-3¥0°'1 [00+300°0 |61-AY0'L |00+300°0 (4
¢0-q19°¢ |S0-308°Z |[90-A€H 1 |00+300°0]|£0-TEE T |S0-F08'T [€0-901 |SO-HET9 |00+H00°0 |90-HEY'L 00+300°0 |S0-AES'S |00+300°0 1
(hrway) | ORwed) | (&wed) | (&wes) | (ol | (WD) | (awad) | GAywen) | &awen) | (Aaua)) | (&wad) [ (ko) [ (1hnwal)
asop asop asop asop asop osop asop asop asop asop asop asop asop J0399A
grose) | LI9seD | 91 88D | ST 9sED | t]°se) 695D 89se) 93580 gose) yose) gase) zese) [esed
oso(
STX TTINND
i i bk b | i bt i b ; ]
| |
(L] P11 1)
o ) s/
vo+m9q”~ €0+d81°9 [CO+HLE L |TO+AV6'S [YO+HO00'8 |[€O+HST™9 [O+ATI'L [PO+HLS'S PO+ 11T [Z0+HL6 L [T0+AV6'S [PO+HE6Y [PO+H68T| Xew
€O+AIT’S |20+ 1Y |TOHHI6'T |00+H00°0 [€0+HYS'S [Z0+APT Y [€O+HT6'S [20+TT9'T [00+H00°0 [10+H16'T [00+H00°0 [20+d29°T [00+H000| ww
PO+AST'T [£0+dP0'T [CO+HIT '€ [CO+HOT'T [YO+HOL € |€0+HYO°T [FO+ES]T '€ [PO+H00°T [€0+a16°E |Z0+H91 € [20+H9T'T [FO+HLLT |€0+HO0SE owawo%
YO+dIP'1 [€O+HTI'T [TO+HHSY'T [TO+HHTO'T [PO+HIS'T [€O+HTT'T [PO+HASE'T [PO+TLO'T [€0+H8Y T [CO+HSIT [TO+HTOT |€0+H0S 6 [CO+ATC T ]
PO+H6¢E’T [CO+AVTY [T0+HHLE L [TO+HTY'E |€O+HYI'9 [CO+HAYT Y [€O+HT6'S [COHHOS Y [CO+HLS T |TO+HILE L {TOHATY € [€O+H00 [20+H9r T 6
VO+aYET |C0HH6L'S |TO+H6L'8 [00+H00°0 [YO+H0Y T |Z0+H6L'S [FO+EST'T [€0+H00°S [00+H00°0 [T0+H6L'8 [00+300°0 |0+ ¥ |00+H00°0 8
PO+aPE’] |€0+H6P'T [CO+HHSOY [00+H00°0 [PO+ATT Y |€0+H6V T [FO+H99°E [FO+H6 T [00+900°0 |20+HS0 Y |00+300°0 [F0+H1Z°Z |00+900°0 L
YO+HET'T [TO+ALY9 [CO+HYI'T [00+H00°0 [FO+HTE T [TO+HALY'Y [FO+H90°T |€0+HYS'S [00+300°0 [Z0+HH9'T 00+300°0 [c0+a18°L [00+50070 9
PO+HIT'T |€O+A8I'9 [TO+HL6 L [20+aP6'S [YO+H00'8 [€O+HS8T9 [FO+HTI'L [FO+HLS'S [PO+ATT T {C0+HLE L [TO+HAV6'S [FO+HE6Y [PO+H68'T S
PO+HOT'T |€O+HTY'T [CO+HOL T |00+H00°0 [YO+HSY € |[€0+HTY T [PO+H60°€ [PO+TZS T [00+900°0 |2Z0+H0L T |00+H00°0 F0+a+< T |00+300°0 1%
PO+HZ0'T |€0+H6E'E [COHHSS'S [TO+ATITY [YO+EAYT S |€0+H6E°E (FO+H99Y [PO+HSL'E (PO+HES'T |Z0+HSS'S [T0+HTZ Y [FO+HSE S IO+’ T €
£0+HST'6 |TO+AST'S [10+H16'T |00+H00°0 [FO+HSS € [ZO+HST'S [PO+HTY € [T0+HT9'T [00+H00°0 [TO+TT6'T |00+00°0 [20+529°T [00+500°0 [4
€OHHTT'S |€0+H6S € [CO+HBT'9 |00+HPY 6 [FO+HOE'9 [€0+H6S € [FO+H09°S [PO+ATL E [00+aFY'6 {Z0+TST "9 |00+TbY 6 [FO+HOE S 00+t 6 1
1) ) (%)) 1) @) ) 1) D) 1) ) D) 1) )
[PITWMS | [2IWNY | [2IWND | [IUmMO | [AIUMO | [IUmd | [aIumd | [aruwmd | [arwmd | [o1 wmd wﬁ.ﬁso _B.Eso Bu.aso 10109A
81 3SBD | LI 3SBD | 91 3SBD | ST 3SBD | €ISBD | 688D E10) 9958) GOSED P98ED €I5ED) 735e) 188D
S5ed[ey S [B10.L
STX " TRINND

44




46

Plots | Cinear avd Wgovthc) ¥ CCDE 7y

ERL Releade /B! Cxge 1oL ChusorreA

bo weni and baor CEIC

TPA3.1.1 Results of EBS Release (Ci) for
100 Vectors, 5 km Critical Group, and 20,000 years
with Chloride Multiplication Factor and PO2 Sampled (Case 14)
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with Chloride Multiplication Factor and PO2 Sampled (Case 14)
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TPA3.1.1 Results of Dose (remlyr) for
100 Vectors, 5 km Critical Group, and 20,000 years
with Chloride Multiplication Factor and PO2 Sampled (Case 14)
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