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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear, And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.
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UNIFORM ArealAverageMeanAnnualInfiltrationAtStart[mm/yr] 4
.100000E+01 0.100000E+02
UNIFORM MeanAveragePrecipitationMultiplierAtGlacialMaximum
.150000E+01 0.250000E+01
UNIFORM MeanAverageTemperaturelncreaseAtGlacialMaximum[degC]
.100000E+02  -0.500000E+01 }
LOGUNIFORM FractionOfCondensateRemoved[1/yr] F——
. 100000E -07 0.100000E+01 ——
UNIFORM FractionOfCondensateTowardRepository[1/yr]
.000000E+00 0.100000E+01 ——
LOGUNIFORM FractionOfCondensateTowardRepositoryRemoved[1/yr]
.100000E-07 0.100000E+01
UNIFORM TemperatureGradientInVicinityOofBoilingIsotherm{K/m]
. 100000E+01 0.100000E+03
UNIFORM Therma lConductivityofYMRock[W/ (m-K) 1]
. 180000E+01 0.220000E+01
NORMAL CriticalRelativeHumidityAqueousCorrosion
. 750000€+00 0.850000E+00
UNIFORM ThicknessOfWaterFilm[m]
.100000€-02 0.300000E-02
UNIFORM InnerOverpackErpIntercept
.104000E+04 0.124000E+04
UNIFORM AA_2_1[C/m2/yr]
. 200000E+05 0.630000E+05
UNIFORM CoefForLocCorrOfOuterOverpack
.866000E-03 0.866000E-02
UNIFORM ChlorideMultFactor
.100000E+01 0.300000E+02
i amp litude
1 -0.50045E-08
2 0.11350E-08
3 0.22190E-09
4 0.22634E-09 -
5 -0.14933E-08
8 0.44622E-09
7 0.44302E-10
8 -0.81273E-10
9 -0.17438E-10
10 0.85544E-12
11 0.61297E-11
12 -0.20691E-10
13 -0.13458E-10
14 -0.42547E-12
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1

.2285714E+01
.1000000E -07

5

0.7428571E+01
0.1000000€-07

7

.7428571E+01

0.5714286E+00

0
0.

0.

248

. 1066000E+01

57142886E+00
252

.6142857E+01
.5714286E+00

254

.6142857E+01
.1000000E -07

485
000000E+01
14305E+00

499
6142857E+01
5714305E+00

501

.6142857E+01
.1930698E -05

742

.4857143E+01
.5714305E+00

746

.1000000E+02
.5714305€E+00

748

. 1000000E+02
. 1930698E - 05

989

.8714286E+01
.5714305E+00

993

0.3571429E+01
0.5714305E+00

995

0.3571429E+01

.1930698E-05

1236

.2285714E+01
. 1930698E-05

1240

.7428571E+01

0.1930698E-05

1242

0.7428571E+01
0.5714305E+00

1483

.8714286E+01
.1930698E -05

1487

.3571429E+01

0.1930698E-05

246

.2214286E+01
.8585714E+02

2486

.1642857E+01
.8585714E+02

246

0.1642857E+01
0.8585714E+02

246

.1500000E+01
.1514286E+02

246

.2071429E+01
.15614286E+02

246

.2071429E+01
.1514286E+02

246

.2500000E+01
0.4342857E+02

246

.1928571E+01
.4342857E+02

246

.1828571E+01
.4342857E+02

246

.2071429€E+01
.1514286E+02

246

.1500000E+01
.1514286E+02

246

. 1500000E+01
.1514286E+02

246

. 2500000E+01
.1514286E+02

246

.1928571E+01
.1514286E+02

246

.1928571E+01
.1514286E+02

246

0.2500000E+01
0.1000000E+03

246

0.1928571E+01
.1000000E+03

246

.1928571E+01
.1000000E+03

246

.2500000E+01
.2928571E+02

248

.1928571E+01
.2828571E+02

.6428571E+01
.1800000E+01

.9285714E+01
.1800000E+01

.9285714E+01
.1800000E+01

.7857143E+01
. 1800000E+01

.5000000E+01
. 1800000E+01

.5000000E+01
.1800000E+01

.8571429E+01
.1857143E+01

.5714286E+01
.1857143E+01

.5714286E+01
.1857143E+01

.7142857E+01
.2028571E+01

.1000000E+02
.2028571E+01

.1000000E+02
.2028571E+01

.8571428E+01
.2142857E+01

.5714286E+01
.2142857E+01

.5714286E+01
.2142857E+01

.5000000E+01
.1857143E+01

.7857143E+01
.1857143E+01

.7857143E+01
.1857143E+01

.7857143E+01
.1914286E+01

0.5000000E+01
.1814286E+01

4~11~39

0.2682696E-04 0.1428571E+00
-7500000E+00 0.3000000E - 02

-5714554E+00 ~ 0.1428571E+00
-7500000E+00 0.3000000E-02

.5714554E+00 0.7142857E+00
0.7500000E+00 0.3000000E-02

.5714287E+00 ~ 0.1428571E+00
.8214286E+00 0.1285714E-02

.1389495E-06\411428571E+00
.8214286E+00 0.1285714E-02

.1389495E-06 0.7142857E+00
.821428B6E+00 0.1285714E-02

-1930698E-05 ~ 0.1428571E+00
.7928571E+00 0.1285714E-02

.5714305E+00\/g<1428571E+00
.7928571E+00 0.1285714E-02

.5714305E+00 0.7142857E+00
.7928571E+00 0.1285714E-02

.5714554E+00 0.2857143E+00
-7642857E+00 0.1857143E-02

.2682696E-04 0.2857143E+00
.7642857E+00 0.1857143E-02

.2682696E-04 0.8571429E+00
0.7642857E+00 0.1857143E-02

-5714287E+00 0.1000000E+01
.7928571E+00 0.2142857E-02

-1389495E-06 0. 1000000E+01
.7928571E+00 0.2142857E-02

-1389495E-06 0.4285714E+00
.7928571E+00 0.2142857E-02

.5714286E+00 " 0.1428571E+00
.7642857E+00 0.1857143E-02

-100000CE-07 0.1428571E+00
.7642857E+00 0.1857143E-02

-1000000E-07 0.7142857E+00
.7642857E+00 0.1857143E-02

-5714286E+00 0.5714286E+00
.8500000E+00 0.1571429E-02

-1000000E-07 ~ 0.5714286E+00
-8500000E+00 0.1571429€-02

Yq)= 0.\ E-°7
Ya)= 0138495 E-06
Vo (3)= 01930678 E- 03

N (uy= 0. 2682676 £

= a+ Yo LY

Xg (5)= 6.5714%286

= v
Xq (b)7 6.5 714287 8T Fel)

X4 (7 Y= 0.5 %3“\’;_:&‘\"&,,(,3)
X%(Q):CL§7IWYYV‘:A+X“U”

Ay= 0.5771 ¢ 285
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.3571429€E+01
.5714305E+00

1730

.4857143E+01
.5714305€+00

1734

.1000000E+02

0.5714305E+00

1736
1000000E+02

.1930688E-05

1977

.6142857E+01
.5714554E+00

1881

.1000000€+01
.5714554E+00

1983

.1000000E+01
.2682696E -04

2224

.8714286E+01
.5714554E+00

2228

.3571429E+01
.5714554E+00

2230

.3571429E+01
.2682696E -04

246

.1828571E+01
.2928571E+02

246

.2357143E+01
.7171429E+02

246

0.1785714E+01
0.7171429E+02

246

.1785714E+01
0.7171429E+02

246

.1828571E+01
0.4342857E+02

246

.2500000E+01
.4342857E+02

246

. 2500000E+01
.4342857E+02

246

.2214286E+01
.1000000E+01

246

.1642857E+01
.1000000E+01

246

-1642857E+01
.1000000E+01

.5000000E+01
.1914286E+01

.7857143E+01
.1914286E+01

.5000000E+01
.1914286E+01

.5000000E+01
.1914286E+01

.7142857E+01
.2142857E+01

.1000000E+02
.2142857E+01

. 1000000E+02
.2142857E+01

.6428571E+01
.2085714E+01

.9285714E+01
.2085714E+01

.9285714E+01
.2085714E+01

.1000000E-07
.8500000E+00

.5714305E+00
.7928571E+00

.1930698E - 05
.7928571E+00

.1930698E-05
0.7928571E+00

.5714305E+00
.7642857E+00

.1830688E -05
.7642857E+00

.1930698E - 05
.7642857E+00

.5714287E+00
.7928571E+00

.1389495E-06
0.7928571E+00

.1389495E - 06
.7928571E+00

.0000000E+00
.1571428E-02

0.8571429E+00
.1285714g-02

.8571429E+00
.1285714E-02

0.2857143E+00
0.1285714E-02

.4285714E+00
.1571429E-02

.4285714€E+00
.15671429E-02

.1000000E+01
.1571429€E-02

.1428571E+00
.2714286E-02

0.1428571E+00
.2714288E-02

0.7142857E+00
.2714286E-02
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May, 15, 1999

Delta=p/[8 * (p-1)]

o s [ st (he/ CheckMuvein [dettn _ §

MasgriS / M/J@ / Clre i mawoiyo@@f_g-

M ficpon

Rank 10kyr 50kyr
1 ARDSAVNp ARDSAVNp
2 APrs_SAV WPRRG@20
3 FO-Rn#Sd SbArwt%
4 NWFZnW MKDCHvNp
5 NELCDAmt MAPM@GM
6 WPRRG@20 AAMAI@S
7 VEi/e-R# ARDSAV_U
8 FPrs_STF APrs_SAV
9 Fow* AA_2 1
10 AqThickb InitRSFP
11 PlumeThb SFWt%S37
12 MixZnT20 FPrs_TSw
13 FEROI-Tn MKD_CHvU
14 ARDSAVTHh Fow*
15 ARDSAVPD SFWt%C4
16 Fmult* Fmult*
17 FPrs_TSw ARDSAV_I
18 FOCTR-R SFWt%C2
19 FOC-R SFWt%C1
20 InitRSFP SFWt%C7
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Sitakanta:

Last week I got new results for the Morris method like this:

For normalized xi, O <=xi <=1, Ax.:—p———, p=38.
" 2(p-1)
Morris Method

Rank 10 kyr 50 kyr
1 CritRHAC (9) ARDSAVNp
2 YMR-TC (8) WPRRG@20
3 *Chlorid (14) AA 21
4 SSMO-RE (15) MAPM@GM
5 H20-FThk (10) AAMAI@S
6 Fow* (62) APrs_SAV
7 Fmult* (63) Fow*
8 FOCTR-R (6) SbArwt%
9 FOC-R (4) Fmult*
10 WPRRG@20 (223) OO-CofLC

Comparing the results with other sensitivity analysis results, there are 9 hits in
the 50 kyr column, and there are 5 hits in the 10 kyr column. However, the top
5 parameters of the 10 kyr column are new, and are not picked up by other
methods. I listed parameter numbers beside the abbreviations.

When trying to explain this, I looked at the gwpkdos_c.res file, and for the first
16 realizations I got:

0.10000E+05 0.11596E-05 0.00000E+00  0.00000E+00

0.10000E+05 0.11495E-05 0.00000E+00 0.00000E+00

0.10000E+05 0.14838E-03 0.00000E+00  0.00000E+00
0.10000E+05 0.98127E-06 0.00000E+00 0.00000E+00
0.10000E+05 0.98127E-06 0.00000E+00  0.00000E+00

o © 0N
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A comparison

5-27-99
Ranking Limited Morris Morris
Seismic flag = 0 Seismic flag = 1
Corrosion params removed

1 FOC-R YMP-TC
2 AAMAI@S SSMO-RE
3 Fow* Fow*
4 WPRRG@20 Fmul*
5 YMR-TC FOC-R
6 TempGrBI FOCTR-R
7 MAPM@GM WPRRG@20
8 Fmul* APrs_SAV
9 WPDef% ARDSAVNp
10 SFWt%I4 AAMAI@S
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5-28-99

5-24-99, Dick Codell of NRC declared that the results of the Morris method were wrong. When
we ran the TPA code, there were random seismic events that contributed to gwpkdos.res, which
might not have anything to do with the contributions from delta x’s.

Without modifying the TPA code itself, Sitakanta suggested that we calculate the contributions
to pktede from failed WP’s of seismic events, so that we could somehow eliminate the influence
from seismic events.

The following results are based on
/home/yichi/morris/testlhs/CheckMorris/p=8/delta_2/wpsfail_16.res

and

/home/yichi/morris/testlhs/CheckMorris/p=8/delta_2/gwpkdos_c_16.res.

The amount of dose depends on the number failed WP and the time the WP’s fail.

For the realization #4, there was a seismic event at year 8684.9 that resulted in 2179 WP’s
failure. This resulted in a jump in pktede from 2.2232E-6 at realization #3 to 6.7233E-6 at
realization #4. If each WP contributes to pktede an amount of 2.0E-9 at year 8684.9, then without
the seismic event, the pktede at realization #4 would be 6.7233E-6 - 2.0E-9 x 2179 = 2.3653E-6.

For the realization #9, there were two seismic events, one at year 1885.6 that resulted in 2179
WP’s failure, and the other at year 8684.9 that resulted in 1226 WP’s failure. These resulted in a
jump in pktede from1.1495E-6 at realization #8 to 1.4838E-4 at realization #9. If each WP
contributes to pktede an amount of 2.0E-9 at year 8684.9, and 66.44E-9 at year 1885.6, then
without the seismic event, the pktede at realization #9 would be 148.38E-06 - 1226 x 2.0E-9 -
66.44E-9 x 2179 = 145.928E-6 - 144.773 = 1.155E-6.

For the realization #15, there was a seismic event at year 4274.1 that resulted in 2179 WP’s
failure. This resulted in a jump in pktede from0.98127E-6at realization #14 to 7.5882E-6 at
realization #15. If each WP contributes to pktede an amount of 3.032E-9 at year 4274.1, then
without the seismic event, the pktede at realization #15 would be 7.5882E-6 - 3.032E-9 x 2179 =
0.9815E-6.

Gg
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ean value input file tpa.inp for TPA Version 3.2 Code.

pParent file is the modified base case data set Rev 3.2, Jan. 7, 1999

TPA 3.2, Job started: Mon May 24 15:07:27 1999 ol u*p
Groundwater Total Peak Dose and Peak Time with Doses for Compliance Period J]ﬂ(/?”‘%r‘" W&L:MA(,/ GCW\M

for Each Nuclide at Peak Time - Values for Each VectorM AI Wﬂ“ a/Vn*
M

vector pktime pktede Am241de Np237de Pu239de U234de
unitless yr rem/yr rem/yr rem/yr rem/yr rem/yr rem/yr
1 1.0000E+04 9.3564E-07, 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
2 1.0000E+04 2.1406E-0 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
3 1.0000E+04 2.2232E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
éf4 1.0000E+04 6.7233E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
5 1.0000E+04 1.1 734E-06g 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+0C 0.0000E+00 0. .
§.6 1.0000E+04 1.1374E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
7 1.0000E+04 1.1596E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
8 1.0000E+04 1.1495E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
9 1.0000E+04 1.4838E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
10 1.0000E+04 9.8127E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
11 1.0000E+04 9.8127E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00C 0.0000E+00 0.
12 1.0000E+04 9.8127E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0. N
13 1.0000E+04 9.8127E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
14 1.0000E+04 9.8127E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
15 1.0000E+04 7.5882E-05 0.0000E+00 0.00COE+00 0.0000E+00 0.0000E+00 0.0000E+00 0.
16 1.0000E+04 9.8127E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.

T@"’P'W‘% «gﬁa(- Cmdtpante Yo e
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Mean value input file tpa.inp for TPA Version 3.2 Code.

Parent file is the modified base case data set'Rev 3.2, Jan. 7, 1999

TPA 3.2, Job started: Mon May 24 15:07:27 1999

Number of Failed WPs by Type of Disruptive Event

Including Time of Event - Values for Each Vector

vector time #corrode #seismic ) #fault #igact
unitless yr unitless unitless unitless unitless
1 1.3210E+04 2.7800E+02 0.0000E+00 0.0000E+00 0.0000E+00
1 1.3560E+04 6.5300E+02 0.0000E+00 0.000CE+00 0.0000E+00
e 1.3945E+04 2.0620E+03 0.0000E+00 0.0000E+00 0.0000E+00

1 1.4151E+04 3.4240E+03 0.0000E+00 0.0000E+00 0.0000E+00
1 4.3143E+04 0.0000E+00° 0.0000E+00 0.0000E+00 0.0000E+00 DU ——_
2 1.3210E+04 2.7800E+02 0.0000E+00 0.0000E+00 0.0000E+00 Af;///,,,, - )
2 1.3560E+04 6.5300E+02 0.0000E+00 0.0000E+00 0.0000E+00 826 Q“C? VA2
2 1.3945E+04 2.0620E+03 0.0000E+00 G.0000E+00 0.0000E+00 | N\
2 1.4151E+04 3.4240E+03 0.0000E+00 0.0000E+00 0.0000E+00 -9 / \\\
3 1.3210E+04 2.7800E+02 0.0000E+00 0.000DE+00 0.0000E+00 X 10 //%fzr‘ \Aff”//
3 1.3560E+04 6.5300E+02 0.0000E+00 0.0000E+00 0.0000E+00 =
3 1.3945E+04 2.0620E+03 0.0000E+00 0.0000E+00 0.0000E+00 CK/*" E?’f; g;g,\ c}
3 1.4151E+04 3.4240E+03 0.0000E+00 0.0000E+00 0.0000E+00 ;>L<Lﬂ1
3 3.3825E+04 0.0000E+00 0.0000E+D0 0.0000E+00 0.0000E+00 «——‘7 ‘
4 0.0000E+00 0.0000E+00 0.0000E+00 Y2y 4N /f:g/ h/P
4 1.3210E+04 1.8300E+02 0.0000E+00 0.0000E+00 0.0000E+00
4 1.3560E+04 4.3100E+02 0.0000E+00 0.0000E+00 0.0000E+00 )
4 1.3945E+04 1.3620E+03 0.0000E+00 0.0000E+00 6.0000E+00
4 1.4151E+04 2.2610E+03 0.0000E+00 0.0000E+00 0.0000E+00
4 4.4740E+04 0.0000E+00 0.0000E+00 0.0000E+00 C.0000E+00
5 1.3210E+04 2.7800E+02 0.000CE+00 0.0000E+00 0.0000E+00
5 1.3560E+04 6.5300E+02 0.0000E+00 0.0000E+00 0.0000E+00 /
5 1.3945E+04 2.0620E+03 0.0000E+00 0.0000E+00 0.0000E+00 42/,///
5 1.4151E+04 3.4240E+03 0.0000E+00 0.0000E+00 0.0000E+00 ) ,zxjé)
5 4.3143E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 ;/ gyﬁ\ ‘S:\
5 4.4740E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 ; :
6 1.3210E+04 2.7800E+02 0.0000E+00 0.0000E+00 0.0000E+00 ,
6 1.3560E+04 6.5300E+02 0.0000E+00 0.0000E+00 0.000CE+00 f
6 1.3945E+04 2.0620E+03 0.0000E+00 0.0000E+00 0.0000E+00 f
6 1.4151E+04 3.4240E+03 0.0000E+00 0.0000E+00 0.0000E+00 ; LAA_
6 2.0594E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 i
7 1.3210E+04 2.7800E+02 0.0000E+00 0.0000E+00 0.0000E+00 i
7 1.3560E+04 6.5300E+02 0.0000E+00 0.0000E+G0 0.0000E+00 |
7 1.3945E+04 2.0620E+03 0.0000E+00 0.0000E+00 0.000CE+00
7 1.4151E+04 3.4240E+03 0.0000E+00 0.0000E+00 C.0000E+00
7 2.1116E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
8 1.3210E+04 2.7800E+02 0.0000E+00 0.0000E+00 0.0000E+00
8 1.3560E+04 6.5300E+02 0.0000E+00 0.0000E+00 0.0000E+00
8 1.3945E+04 2.0620E+03 0.0000E+00 0.0000E+00 0.0000E+00
8 1.4151E+04 3.4240E+03 0.0000E+00 0.0000E+00 0.0000E+00 ot (é?é’&ﬁl 6 Venrs
8 4.3143E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 -
9 1.8856E+03 0.0000E+00 0.0000E+00 0.0000E+00 6.6 X0 /Pe, wp
g 8.6849E+03 0.0000E+00 1.2260E+03 0.0000E+00 0.0000E+00
9 1.3046E+04 1.3000E+02 0.0000E+00 0.0000E+00 0.0000E+00
9 1.3381E+04 3.0600E+02 0.0000E+00 0.0000E+00 0.G000E+00 (}L7f- [ <O 64'7ﬂ<Lf%gs
9 1.3560E+04 2.2100E+02 0.0000E+00 0.0000E+00 0.0000E+00 5
9 1.3748E+04 2.3540E+03 0.0000E+00 0.0000E+00 0.0000E+00 G é»~\j’7ﬂ (O/////
10 1.3210E+04 2.7800E+02 0.0000E+00 0.0000E+00 0.0000E+00 }9«’(
10 1.3381E+04 6.5300E+02 0.0000E+00 0.0000E+00 0.0000E+00 ‘ l,vﬁiy
10 1.3748E+04 3.7220E+03 0.0000E+00 0.0000E+00 0.0000E+00
10 1.3945E+04 1.7640E+03 0.0000E+00 C.0000E+00 0.0000E+00
10 2.0594E+04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

GG



10
1
11
11
11
11
11
12
12
12
12
12
13
13
13
14
14
14
15
15
15
15
16
16

NN W N RNDBWRNRN DB NRNLD & D b

.6412E+04
.1033E+04
.2211E+04
.3210E+04
.3381E+04
.3748E+04
.3945E+04
.3210E+04
.3381E+04
.3748E+04
.3945E+04
.3143E+04
.4128E+04
.4819E+04
.8164E+04
.4818E+04
.5543E+04
.8776E+04
.2741E+403
.4819E+04
.55643E+04
.8776E+04
.4819E+04
.5543E+04

DN O = OO0 DN OONO = WO N O = W -

0.0000E+00-
£8-0000E+00~-
. 0.
* 1.3000E+02
.0600E+02
.7470E+03
.2800E+02
.7800E+02
.5300E+02
.7220E+03
.7640E+03
.0000E+00
.7800E+02
.1390E+03
.0000E+00
.7800E+02
.1390E+03
.0000E+00
.0000E+00
.8300E+02
.0540E+03
.0000E+00
. 7800E+02
.1390E+03

D000E+00

O 0O 0 OO NOO0OO0C OO OO0OOOOOD OO OO —="NO

.0000E+00
.1790E+03"
. 2260E+03
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000e+00
.0000E+C0
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.1790E+03
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

O 0O 0O 0000000000000 O0ODO0OO0OO0OO0OO0O OoOOo

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€e+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

O 0O 000000000000 O0OO0O 0O OO0 O OO0 O o

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.D000E+00
.0000E+00

or T4
3.437 0 [
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Volcanism flag on, seismic flag off.

Ax = m 0<x<1
10 kyr TPI

Ranking p=8d=2 p=8d=4 p=8d=8 p=11,d=11
1 Fow* ARDSAVNp ARDSAVNp
2 ARDSAV_U WPRRG@20 Fow*
3 WPRRG@20 Fow* VEROI-Tn
4 ARDSAVNp APrs_SAV FOCTR-R
5 Fmult* VEROI-Tn Fmult*
6 FOCTR-R FOCTR-R APrs_SAV
7 SbArWt% FOC-R WPRRG@20
8 FOC-R ARDSAV_Tc ARDSAV_Tc
9 VD-Width AAMAI@S FOC-R
10 VEROI-Tn SbArWt% AAMAI@S
11 AAMAI@S Fmult* SbArWt%
12 FOCTR WPDef% VD-Width
13 SFWt%VO0 VD-Width ARDSAV_Se
14 InitRSFP ARDSAV_I VD-Angle
15 ARDSAV_Tc InitRSFP ARDSAV_]
16 WPDef% YMR-TC WPDef%
17 APrs_SAV MAPM@GM SFWt%]I1_3
18 ARDSAV_] TempGrBI SFWt%VO0
19 MAPM@GM SFWt%VO0 InitRSFP
20 VD-Lengt ARDSAV_Se TempGrBI

69



50 kyr TPI

Ranking p=8,d=2 p=8,d=4 p=8,d=8 p=11,d=11
1 ARDSAVNp ARDSAVNp ARDSAVNp
2 WPRRG@20 WPRRG@20 ARDSAV_U
3 AA 21 AAMAI@S SbArWt%
4 MAPM@GM SbArWt% MKD_CHvNp
5 AAMAI@S MATI@GM InitRSFP
6 APrs_SAV MAPM@GM Fow*

7 Fow* MKD_CHvNp AA_2_1

8 Fmult* AA_2 1 WPRRG@20
9 SbArWt% APrs_SAV MKD_CHvU
10 00-CofL.C InitRSFP ARDSAV_Tc
11 MKD_CHvU SFWt%C3 SFWt%C3
12 ARDSAV_U ARDSAV_U SFWt%C2
13 YMR-TC ARDSAV_Tc Fmult*

14 InitRSFP SFWt%C4 APrs_SAV
15 SFWt%C3 MKD_CHvU SFWt%Cl1
16 ARDSAV_Tc FOCTR-R SFWt%C4
17 SFWt%C6 YMR-TC SFWt%C6
18 SFWt%C5 Fow* SFWt%C5
19 ARDSAV_Th ARDSAV_I MAPM@GM
20 SFWt%C4 SFWt%C7 YMR-TC
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Tume -1 O"'?f

10 kyr TPI

Ranking Normalization Standradization Logrithmic
1 FOCTR-R FOCTR-R AAMAI@S
2 FOC-R FOC-R WPRRG@20
3 FOCTR FOCTR FOCTR
4 AAMAI@S WPRRG@20 APrs_SAV
5 WPRRG@20 AAMAI@S MAPM@GM
6 ARDSAV_U ARDSAV_U FOCTR-R
7 Fow#* Fow* Fow*
8 ARDSAV_I WP-Def% FOC-R
9 WP-Def% ARDSAV_I WP-Def%
10 APrs_SAV SbArWt% SbArWt%

50 kyr TPI

Ranking Normalization Standradization Logrithmic
1 ARDSAVNp ARDSAVNp WPRRG@20
2 WPRRG@20 WPRRG@20 ARDSAVNp
3 APrs_SAV APrs_SAV APrs_SAV
4 MKD_CHvU MKD_CHvU SbArWt%
5 SbArWt% SbArWt% SFWt%C6
6 ARDSAV_U InitRSFP AA_2 1
7 InitRSFP ARDSAV_U SFWt%C3
8 SFWt%C3 SFWt%C3 InitRSFP
9 ARDSAVTc ARDSAVTc SFWt%CS
10 SFWt%C6 SFWt%C6 SFWt%C4
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Application of FAST to Codell’s list of 20 parameters.

Codell’s list Ranking 10 kyr TPI Ranking 50 kyr TPI
AA_2_1 1 ARDSAV_I 1 SbAIWt%
SSMO-RPR 2 SbArWt% 2 AA_2_1
SSMO-JS5 3 WPRRG@20 3 WPRRG@20
SSMOV206 4 APrs_SAV 4 ARDSAV_I
Fmult 5 InitRSFP 5 SFWt%C§ 2.
SbArW1% 6 Froult 6 SFWt%C1
InitRSFP 7 ARDSAVNp 7 InitRSFP
SbGFRATF 8 SSMOV206 8 SFWt%C5¥ 3
SFWt%C1 9 SFWt%C5 3 9 APrs_SAV
SFWt%C% 2. 10 SFWt%C1 10 Fmult
SFWt%C% 3 11 SFWt%C7 11 SEWt%C6
SFWt%C6 12 SSMO-RPR 12 SFWt%C7
SFWt%C7 13 SFWt%C6 13 SSMOV206
MKD_CHvNp 14 ARDSAV_U 14 SSMO-RPR
ARDSAVNp 15 SSMO-JS5 15 ARDSAV_U
ARDSAV_I 16 SbGFRATF 16 ARDSAVTc
ARDSAVTc 17 AA_2_1 17 MKD_CHvNp
ARDSAV_U 18 MKD_CHvNp 18 SbGFRATF
APrs_SAV 19 ARDSAVTc 19 SSMO-JS5
WPRRG@20 20 SFWt%C3 20 ARDSAVNp
Amgyinsy S
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applied standard dev.

.00000000000830954056
.00000000012772483071
.000000001248862739096
.00000000190811833001
.00000000290721846596
.00000000742661043773
.00000001148951422891
.00000008090754022305
.00000013968370637940
.00001905708813865203
.00000000000000038709
.00000000004327391570
.00000000009127921335
.00000000068987454638
.00000000230450281080
.00000000425342072674
.00000000431148450275
.00000003976817808393
.00000111278882286570
.75665539503097534180

.00000000005504810486
.00000000420820711611
.00000025255022251258
.00000040425007341582
.00000221386540033564
.00000297964447781851
.00000439806899521500
.00000443567159891245
.00001355471431452315
.43420469760894775391
.00000000000000892054
.00000000392780918901
.00000001576514740975
.00000014464178832441
.000000355998108082796
.00000194114636542508
.00000363972753802955
.00001423106732545421
.00003470924275461584
.82754516601562500000 70

O O O 0O 0O O 0O O 0O 0O 0O 0O O0C O OO0 0O oo OO

O OO OO0 0O 0O 0O 0O0C oo oo o oo o o

.00000000000830954056
.00000000012772483071
.00000000124886279096
.00000000180811833001
.00000000290721846596
.00000000742661043773
.00000001148951422891
.00000008080754022305
.00000013968370637940
.00001805708813865203
.00000000000000038709
.00000000004327391570
.00000000009127921335
.00000000068987454638
.00000000230450281080
.00000000425342072674
.00000000431148450275

.00000003976817808393

.00000111278882286570
.75665539503097534180

.00000000005504810496
.00000000420820711611
.00000025255022251258
.00000040425007341582
.00000221386540033564
.00000297964447781851
.00000439806899521500
.00000443567159891245
.00001355471431452315
.43420469760894775391
.00000000000000892054
.00000000392780918901
.00000001576514740975
.00000014464178832441
.00000035599109082796
.00000194114636542508
.00000363972753802955
.00001423106732545421
.00003470924275461584
.82754516601562500000
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reswits of TAST  wiflont wonltiely S e
N v \ 1} ¥ ¥ \ l ——-...\VMMMW
|
i | e
e T results 10 kyr
10 0.00000000044245182518  0.00000000044245182518 7,; et i 3
o 17 0.00000000108910436225  0.00000000108910436225 | R \ 10
N 14 0.00000000109499620482  0.00000000109499620482  (§ T QHQ,«‘ M\ ?‘1'\/“) 13
1 0.00000000153524859482  0.00000000153524859492 | L Z g
r—— 3 0.00000000171189418197  0.00000000171189418197 |§ o 5° 17
_— 18 0.00000000233345187617  0.00000000233345187617 1% e 7 14
13 0.00000000432618785240  0.00000000432618785240 (! \ O 7 | 8
— 9 0.00000000660991616996  0.00000000660991616996 (© - 15
L 15 0.00000002123021047851  0.00000002123021047851 7 yr= 6
6 0.00000048387857987109  0.00000048387857987109 2 — W
— 8 -0.00000000159493951379  0.00000000159493951379 | b - 8
N 12 -0.00000000238979569467  0.00000000238879569467 (3 U ?
r 2 -0.00000000267452948677  0.00000000267452948677 (1 I ;
E— 11 -0.00000000798303201321  0.00000000798303201321 4 - o
I— 4 -0.00000001659491211115  0.00000001659491211115  § o
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The top ten most influential input parameters are listed in Tables 4-6 for the 10 kyr TPI and
Table 4-7 for the 50 kyr TPI, where each parameter was normalized according to Eq. (3-14). For
the 10 kyr TP, the listed parameters are either related to condensate or radionuclides in alluvia,
but for the 50 kyr TPI, no condensate related parameters made top ten list. The well pumping rate
for farming receptor group located greater than 20 km from YM appeared in both 10 kyr and 50
kyr TPIs, as well as those related radionuclides in alluvia. Several SF wet fraction related
appeared in Table 4-7 but not in Table 4-6.

The standardization transformation, Eq. (3-3), and logarithmic transformation were also
used in the Morris method. For the top ten most influential parameter list, the standardization
transformation replaced the alluvium matrix porosity (Aprs_SAV) with the subarea wet fraction
for the 10 kyr TPI, but it did not change any thing for the 50 kyr TPL. It did change slightly the
ranking of several parameters for both the 10 kyr TPI and 50 kyr TPL

The logarithmic transformation of the normalized parameters replaced radionuclides I
(ARDSAV_]) and U (ARDSAV_U) with the mean average precipitation multiplier at glacia
maximum and the subarea wet fraction for the 10 kyr TPI, and radionuclides U (ARDSAV_U),
Tc (ARDSAVTc) and matrix Kd of U for Calico Hills (MKD_CHvU) with AA_2_1, SF wet
fraction for corrosion failures in subareas 4 and 5 for the 50 kyr TPI. The logarithmic
transformation also changed the ranking for both the 10 kyr TPI and 50 kyr TPL

Similar to Differential Analysis, no WPs failed from corrosion in the 10 kyr TPI except
those due to defective WP. Wps did fail within the yr TPI

Results for the FAST Method.

As mentioned in section 3.1.4., it would take more than 40,000 realizations for the FAST method
to conduct a sensitivity analysis on 50 input parameters. At present, such a large number of
realizations would take months of CPU time for TPA 3.2 to run. Instead, the FAST method was
used to rank 20 parameters that were considered to be important to peak TEDE (these parameters
were selected by Richard Codell of NRC). The 20 parameters are:

AA_2 1
RockPoissonRatioforSEISMO
SEISMOJointSpacing5
VerticalExtentOfRockFall2_6
FmultFactor
SubAreaWetFraction
InitialRadiusOfSFParticle
SubGrainFragmentRadiusAfterTransFrac
SFW ettedFraction_Corrosion_1
SFWettedFraction_Corrosion_3
SFWettedFraction_Corrosion_5
SFWettedFraction_Corrosion_6
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13.
14.
15.
16.
17.
18.
19.
20.

SFWettedFraction_Corrosion_7
MatrixKD_CHnvNp
AlluviumMatrixRD_SAV_Np
AlluviumMatrixRD_SAV 1
AlluviumMatrixRD_SAV_Tc
AlluviumMatrixRD_SAV U
AlluviumMatrixPorosity SAV
WellPumpingRateAtReceptorGroup20km

For these 20 parameters, only 4174 realizations are needed to avoid aliasing among any

four Fourier amplitudes. To account for the range of an input parameter, each Fourier amplitude

was multiplied by the standard deviation of the corresponding input parameter, as defined by Eq.

(3-12). The ranking for the top ten parameters is listed in Tables 4-6 and 4-7 for the 10 kyr TPI
and 50 kyr TPL

It is not surprise that WellPumpingRateAtReceptorGroup20km and AA_2_1 are

ranked number one and number two for both the 10 kyr TPI and 50 kyr TPI, they both have very
large ranges of variation. We caution here that some parameters may be selected by other

sensitivity analysis methods but not by the FAST method simply because they are not included in

the 20 parameters that are investigated by the FAST method.
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