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- - Total Mean DoSe
- Contributions By Modeling Case
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Uncertainty in Total Expected Dose
(Summed over Modeling Cases)
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Uncertainty in Total Expected Dose
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- Radionuclides Contributing to
Total Mea n Dose at 1 0,000 Years
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Stability of Total Dose
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S ummary of 10,000 Year Results

e Total mean dose determlned by contrlbutlon from
seismic scenario class

— Probability of damage to co-dlsposed waste packages
within 10,000 yr <0.2 -

e Largest contrlbutlon to mean dose from 99Tc
. Magf-:.nél-teude of mean ‘dose determined by

- 'Pro‘babilityofeven’ts (seismic igheous)

— Diffusion of radionuclides through cracks in waste
package outer barrier
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Uncertainty in Total Expeecte D<se
' (post -10,000-year period)
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Mean Annual Dose (mrem)
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Constructibn of Total Dose
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Composition of Dose from Seismic GM
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‘Radionuclides Important to Mean Dose
- Early (E) and Late (L)
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Uncertainty in Total Expected Dose
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Stability of Total Dose

LA_v5.000_1Myr_Total_Dose_Calcs.gsm;
LA_v5.000_1Myr_Total_Dose_Calcs_RS2_Rev00.gsm;

LA _v5.000_1Myr_Total_Dose_Calcs_RS3.gsm; LA_v5.000_1Myr_Total_Dose_Calcs.gsm;LA_v5.000_1Mw_Total Dose_Cealcs_RS2_Rev00.gsm;
109 . LA_v5.000_1Myr_Total_Dose_3RepComp_Rev00.UNB . 108 LA_v5.000_1Myr_Total_Dose_Calcs_RS3.gsmLA_v5.000_1Myr_C|_Total_Dose_Rev(00.INB
10 (TSPAAMR Fig 7.3. -16a) : 102 4 ’
2wl ) 3 (TSPA AMR Fig 7.3.1-16b)
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‘Summary of 1 Million Year Results

o Total mean dose determined by occurrence of
igneous events, seismic damage and ¢ general
~ corrosion

e Major contributors to dose are technet|um,
iodine, plutonium, neptunium, radium

Naste package outer barrier governs releases
of technetium and iodine | |

e Chemistry governs release of plutonlum from
- waste package |

. e

www.ocrwm.doe.gov
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Presentation Outline

¢ Introduction ' |

° Multipzlse barri.er repository sys-tem

* Quantification of barrier ca—ip.:a%ébzi-lzi%ty
— Upper Natural B_arriesr (»U-NfB)» |
- Eng‘-in'-eered Barrier System (EBS)
_ Lower Natural Barrier (LNB) |

* Summary '

° Su«pbrting documentation
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Q8% |L_YMMacKinnon_Barrier_NRCTE_040308.ppt

Introduction

- The repository system is compoSed of natural and engineered
features that function together as two natural barriers and an
engineered barrier system

A barrier is defined in 10 CFR 63.2 as any materlal structure or
feature that, for a period to be determined by the NRC, prevents or
substantially reduces the rate of movement of water or
radionuclides from the Yucca Mountain Repository to the
accessible environment, or prevents the release or substantially
reduces the release rate of radionuclides from the waste

As defined by 10 CFR 63.2, important to waste isolation (ITWI),
with reference to design of the EBS and characterization of natural
- barriers, means those engineered and natural barriers whose
function is to provide a reasonable expectation that HLW can be

disposed of without exceeding the requirements of 63.113(b) & (c)

Department of Energy « Office of Civilian Radioactive Waste Management ' www.ocrwm.doe.gov

3



System

0

ivilian Radioactive Waste Management
LL_YMMaclglnnOn_Barrier_NRCTE_040308.ppt '

Department of Energy * Office of C

App}oxlmate
RMEI Locaticn

The technical bases for the

‘assessment of the

capability of the three
barriers are the same as

‘the bases used for the

compliance of the
repository system with the
postclosure performance
assessment objectives
and requirements

Barrier capability is based
on the abstraction models
of processes included in
the performance
assessment as well as an
evaluation of FEPs that
have been excluded from

the performance

assessment

www.ocrwm.doe.gov
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‘Quantification of Barrier Capability

° Two modeling cases considered for ¢ demonstratmg
barrier capablllty "

— ,Com—bm,ed nominal/early failure modeling case

+ Drip shield and waste package early failure modellhg cases and
- the nommal modellng case are combined into one modeling case

. Representatmn of reposﬂory futures in which disruptive events
do not occur

* Provides a projection of a reference capa-biality
- — Seismic ground motion modeling case

+ Addresses barrier capablllty as a functlon of dlsruptlve
condltlons |

e Important to demonstration of compllance with the
regulatory standards o

/- Department of Energy « Office of Civilian Radioactive Waste Managerment _ ‘ ' o " www.ocrwm.doe.gov
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Upper Natural Barrier

Topography and Surficial Soils Drift Surface Unsaturated Zone Flow
Infitration ) o . ‘» Capiltary Barrier . ;Iow l;'otl:using
’ iDitati ippil » Percolation
* Low preCIpltathﬂ ’ : gcgsg:gﬁnn » Dryout Zone

* Runoff
Evaporation - y, + Evapotranspiration
* Infiltration

» Roughness

’ Intact Drift  Degraded Drift

Unsaturated Zone above Repository

‘The Upper Natural Barrier (UNB), b?pré%";‘eng* ?f%i i :(P;zrﬁﬁ;arﬁsn
reducing the rate of movement of water into m&% ' . Flo'\DN Diversion around Emplacement Drifts
prevents or substantially reduces the rate of movethent of : ' ' ' :

radionuclides from the repository to the accessible environment

N i

g/ Department of Energy « Office of Civilian Raiéctiv Waste Mana_emen . : o ’ T www.ocrwm.doe.gov
-LL_YMMacKinnon_Barrier_ NRCTE_040308.ppt
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Quantlflcatlon of UNB Capablluty

° Topography and surficial soils

- Run-on and runoff, evaporation, and transplratlon combine to divert
“water and permit only a small fraction of the precipitation at the site
to infiltrate into the unsaturated zone (Simulation of Net Infiltration
For Present-Day And Potential Future Climates, SNL 2008)

'» Unsaturated zone above the repository

— Damping of epiSod.ic pulses of precipitation and infiltration
(UZ Flow Models and Submodels, SNL 2007)

— Capillary forces in rock adjacent to emplacement drifts limit seepage
- into drifts (Abstraction of Drift Seepage SNL 2007)

— 'Elevated temperatures i in the rock during thermal period limit
seepage into the drifts (Abstractlon of Drift Seepage, SNL 2007)

R g
i
www.ocrvvm.doe.g ov

%) Department of Energy » Office of Civilian Radioactive Waste Management
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| Qu an tifi Cat iO n 7 Of UN B C apa ility (cont%n ued)

*  Characteristics and properties of the topography and surficial
‘soils are not expected to change in the 10,000 years after closure
(YMP 1993, Topical Report YMP/92-41-TPR, Section 3.4)

e Drift collapse caused by seismic g:foun-d motion may reduce
effectiveness of capillary barrier

— Increase in seepage rates
— Increase in seepage fraction

e Metrics: Net ihfiltrat-ion, drift seepage rate, séeép:a-g;e fraction

} Department of Energy fﬁce'of Civilian Radiaie as_tefManage_m_ent ‘ : S . " Wwwiocrwm.doe.gov
“LL_YMMacKinnon_Barrier_NRCTE_040308.ppt R : 8



Mean_Precip Infil Cales.xs; LA v5.005_Precip_Perc_Rev00.UNB

S T T B . Key Points:
. ‘__/_..__/— A
2 : 3 : gon g n
R . | . i1 Mean Net Infiltration (I) as % of
2 100 Lo -4 Precipitation rate:
£ & . ]
2 004 : - Ranges ~5% during present-day
b F [ precptaton ] climate to 7% during glacial-transition
8 101 : —=—- NetInfilration . e climate
= E ) . | === Post 10,000 Year Percolation | 3
02L — ET accounts for 85 to 88% of reduction
3 in net infiltration
,.'3 1 L L.l il L bl 4 4131 . L3 111t 1 ! I|IIII— . -, . )
° 100 ' 1,000 10,000 100,000 1,000,000 Mean Drlﬁ Sleepage (S) as % Of'

Time (years) | ambient seepage flux (first 10K yrs)

LA_v5.005_NC_000300_000.gsm;LA_v5.005_SM_009000_003.gsm; Seepage_Flux_Perc_Scaled_Drift_Area. xls’

© oSt o, 35 s SO0l oo e RO - S~2t011%
- | E ~— Nominal & Seismic GM
T 10t L N : S - almost identical
| 1 Mean Drift Seepage as % of Post-
8 1t S ~~=4 10K Percolation
s b T | —
< i | | i ‘Nominal, S ~ 1%
g F /" ‘ ' , : - — Seismic GM, S ~ 12 to 48%
0. . ==« Net infiltration Over Intact Drift _
D 10724 S —+= Post 10,000 Year Percolation Over Intact Drift |58 (drift- degradatlon reduces
g g s e o Ground Motion K effectiveness of. caplllary barrler effect)
1'0—3 R S A N T "J"'i L """"I L J‘—L*ng
100 - 1,000 10,000 100000 100000 (Ref: SNL 2008 MDL-WIS-PA-000005 REV 00 AD 01,
. Time (years) ' Section 8.3.3.1.1[a))

epartment of Energy « Office of Civilian Radioacte ae-Magén . ‘ ' ’ * www.ocrwm.doe.gov
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Nominal/Early Failure Modeling Case
for 10,000-year Period (Glacial-transition)

Nominal/Early Failure Modeling Case

for Post-10,000-year Period

- Seepage Fractiohs* (SF)

o . . Seepage Fraction for o . . Seepage Fraction for
Percolation Subrgglon CSNF Waste Packages - Percolation Subregion CSNF Waste Packages
Subregion Quantile 5th 95th . Subregion Quantile 5th 95th
Index Range Percentile Mean Percentile Index Range Percentile Mean Percentile
1 p < 0.05 0.0020 0.0887 0.2823 1 p<0.05 0.0082 0.1251 . 0.3121
2 0.055p < 0.0217 | 0.2308 | 0.5780 2 0.05<p < 006177 | 0.3402 | 0.6555
: 0.30 0.30
3 0.30<p < 0.0455 | 0.3204 | 0.7439 3 0.30<p< 00049 | 04369 | 0.7943
0.70 » 0.70 ]
4 0.70<p < 0.0431 | 03848 | 0.7998 4 0.70<p< 0.0606 | 0.4364 | 0.8439
. 0.95 0.95 .
5 p20.95 0.0870 0.4666 0.8386 5 p 20.95 0.0934 0.4944 0.8802
Rebository Average '0.0424 0.3134 0.6950 Repository Average 0.0784 0.3999 0.7449

Seismic Ground Motion Modeling Case

. for Post-10,000-year Period

8 o Seepage Fraction for
Percolation Subregion CSNF Waste Packages
Key Points: \ Subregion { Quantile 5th 95th
N ) L. . . . index Range Percentile Mean Percentile
omqnal & Seismic GM SF |dent|ca!I for 10K 1 p<0.05 - 03231 | 0.4673 [ 0.6923
yrs (on average 70% of WPs experience oosne
non-seep environments for 10K yrs) 2 "0.30 0.3089 | 06491 | 09173
« Nominal & Seismic GM SF increase with 3 0.3g-$0p< 03114 | 0.7193 0.975
drift degradation for post-10K Ny onw
4 0.9 0.226 0.7041 0.9803
(*Defined as ratio WPs experiencing seepage to all 5 p20.95 0.3107 0.7518 | 0.9869
- WPs in repository) ” Repository Average 02912 | 0.6870 0.9465

L

www.ocrwm.doe.gov
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Engi neered Barrier System

Engineered Barrier System

itwi Emplacement Drift: Pallet: / NON-ITWI
Provides:a stable Supports the’
environment for other waste package and N

Sydlam aatures | mechémcatona . Invert below NONATWI SN
chemicalinteractions ~the Waste Packages: . _ Titaniumn Drip Shield ITWI
Reduces transport of above'the Waste Packages:
sradionuclides out ‘Prevents-or substantially
of the Engineered } reduces water from contacting
) _ Barrigr'Sysl_em _ . the waste package
The Engineered Barrier System (EBS) prevents or substantially reduces \pf\!fvsgﬁspiiﬁs&ui@w'
the rate of movement of water to the waste, prevents or substantially reduces water from

contacting the waste form

reduces the release rate of radionuclides from the waste, and prevents
oor substantially reduces the rate of movement of radionuclides from the
repository to the accessible environment. - :

www.ocrwm.doe.gov
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" Quantification of EBS Capability: Drip Shield

Nominal/Early Failure

LA_v5.005_NC_000300_003.gsm;

Probability of Drip Shield Failure

1.0 v5.005_StandAlone_ WAPDEG_DS_Fail_Frac_Rev01.JNB
0.8 : |
0.6 1
0.4 / |
0.2 4-
i
I J 1E
0.0 M R S L L . — T 1 2 R B §
200,000 250,000 300,000 350,000 - * 400,000
Time (years)

Key Points:

- DS failure under nominal conditions by
-general corrosion (GC) of Titanium Grade 7

plate

»  Failure times from about 270,000 to 340,000

yrs

Department of Energy * Office of Civilian Radioactive Waste- Management
'LL_YMMacKinnon_Barrier NRCTE_040308.ppt

(a)

Probability (time <= T)

Séism-ic Ground Motion

LA_v5.005_SM_009000_003.gsm;
v5.005_StandAlone_ WAPDEG_CDF -DS_Fail_Time_Rev00.JNB

1-0 T T ' T T I T L I L T T I T T T I o o —, , T T
i , , | | i A
i Best Estimate (9000 Values) . / ly: ’ 1
0.8 4 Average CDF (Over Epistemic Uncertainty e} ‘ i :
[ i _
ﬁ / i ]
0.4 > ’ 1
L I { ]
L / i) ]
_ i
i e 2 N
5 [ ]
B L T > Z ”/ . i
0'0 4t /‘ X -"""a : = : g f ! PR 1 L L L
0 50,000 100,000 150,000 200,000 250,000 300,000 350,

(Note: The TSPA model does not include spatial variability in drip shield failure)

T: Time of Drip Shield Failure (years)

Key Points:

+ DS failure under seismic cdnditions by
rubble accumulation and plate thinning by

. Probabi_lity:bf DS failure before 100,000
years is 0.0055

000

www.ocrwm.doe.gov
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Quantzification of EBS Capability: Waste Package

CSNF WP Breach for Nominal Conditions

(a) LA_v5.005_NC_000300_003.gsm; (b) . LA_v5,005_NC_000300_003gsm;

v5.005_StandAlone_} WAPDEG CSNF Flrsl Crk: Byear.h Revﬂz JNB 0 v5.005_StandAlone_ WAPDEG_CSNF_First_Pat_Breach_Rev02.JNB
100 — Fitn O 100 —— R Stendiien e,
F ;| ——— 95th Percentile:
I il -
- Mean
- || = Median .
—1 1| == 5th Percentile | - ? }
= $ 1071

. o
— S
104 T gﬂ;d;::cenme / / / /;—’/—

10-3 i . ) /

10-3

Fraction of Waste Packages
Breached by Cracks
3
Fraction of Waste Packages
Breached by General Corrosion Patch

S : . : - 1 3 A [ iz
([ S—— L MRS S —— : 1074 SRRRVEES S SNPIER B A g
] 200,000 400,000 600,000 800,000 1,000,000 0 200,000 400,000 600,000 800,000 1,000,000
Time (vears) . ' : Time (years)
Stress Corrosion Cracking | ‘General Corrosion
(of closure-lid welds) : | . (of Alloy 22 outer barrier)
Key Points: . | Key Points: |
« SCC breaches of CSNF WPs$ becomes more » GC patch penetrations of CSNF WPs
likely to occur after 170,000 yrs (based on o becomes more likely after 560,000 yrs
~ 95' percentile curve) (based on 95 percentile curve)
« . By 10° yrs, mean ‘fraction of CSNF WPs » By 108 yrs, mean fraction of WP penetrated

breached by SCC is ~54% by GCis~9%

J‘Department of Energy « Office of Civilian Radioactive éste-Manaeme T ' _ . T " wwwiocrwm.doe.gov
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Lithophysal Rubble cCumuI»aton A '
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Departmentof Energy  Office of Clvman Radloactlve WasteManagement

LA_v5.005_SM_009000_011.gsm;
v5.005 StandAIone Frac_Rubble_Vol_Accum_Lith_Rev00.IJNB

B 2 Mea_n ]
i Median f/:
| ——— 95th percentile i
~ —e §th percentile 7
) g
- . ;'
- - O‘
: . 12

__ = | i L 1 | Y I | l~ cé‘

— _
100 1,000 10,000 100,000 1,000,000

LL_YMMacKinnon_Barrier_NRCTE_040308.ppt

Time (years)
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Quantification of EBS Capability: /aste Package

“Seismic Ground Motion Modeling Case

(a) LA_v5,005_5M_609000_011.gsm; {c) LA_v5.005_SM_005000_011.gsm;
' 100 v5.005 StandAInna WP Fa\l CSNF _! Se;sm{c Rev03.JNB o 1 Oo _ v5.005_StandAlone_WP_Fail_CDSP_Seismic_Rev02.JNB
= —— —" T Y U T — T T &
| ——— 95th Percentile L = :
[} ——— Mean /___r/ g ] ]
8 ] - Median / / i J
—— 5th Percentile 2
S 10714 = o {8 107 .
= 3 ' ] Cm /’3
s f ] 58 L
Dy N 1 2o | 7
2e / 1 8¢ | 1
o £ 1074 7 ; 1 L D102 g
QO —F 3. vx b ]
ga | i 33 ]
Be | | 1 g8 F ]
S B i 1. &2 I -
o . ) . -
2 10 3 { | L@ 4934 e O S —EJ
s o i E = i Mean : 3
i ] [ | ==— Median ' q
] ——- 5th Percentite ]
10’4 1 1 L L L s 4 1 FUY ! 3 i 10—4 1 i : : L 1 ! I i L i ! 1 n n
0 © 200,000 . 400,000 600,000 800,000 1,000,000 0 200,000 - 400,000 600,000 800,000 - 1,000,000
- Time (years) - CSNF : _ Time (years) LJ
{b) LA_v5.005. SM_008000_0t1.gsm;  (d) LA_v5.005_SM_009000_011.gsm;
100 . v5.005_ Slandl\lcne WP Fait_{ CSNF Se!smk: Damage Dniy Revm JNB . 100 -v5.005_StandAlone_ WP _Fail CDSP_Seismic_Damage_Only_Rev01.JNB
T 5 ] —— -
H —— 95th Percentite F ]
- Mean ; . - N
g : - Median ] ) Fﬁ ]
g w01 Y Sth Percentile e B g 10-1-44 : |
58 2 r E ‘ | E
s® f | | — £8 | ]
B m . ) il 1 g m 1
IL D 1072 /_/-—' d u 210 |
85 f | | | B3 5
N | 1 8% 1
m %’) -3 ] (] Qnl H g ;—13 m % ‘ -3 Qalc 10 ) 5
8 g Seismic-processes: el 1 8 10T — osi percentie Seismic-processes
: - . ] §‘ —— Mean : e
¥ o nly 18 ~—— Median- only 1
: 18 —— 5th Percentile é
104 1 L 1 : S S R — ) STV . é 104 " YRR | L i 3 — L ) P . : J‘lg
0 ) 200,000 400,000 . ' 600,000 800,000 1,000,00( -0 200,000 400,000 600,000 800,000 1,000,000

Time (years) Time (years)
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Mean Activity Released from the EBS

LA_v5.005_NC_000300_000.gsm; LA_v5.005_ED_000300_000.gsm;
LA_v5.005_EW_006000_000.gsm;
LA_v5.005_RN_Actvity_Released_Calcs_EF_Nom_1Myr_Riz_RevOiab.gsm;

LA_v5.005_RN_Activily_Reteased_Calcs_EF_Nom_1Myr_Riz RevO1c.gsm; LA_v5.005_SM_009000_003.gsm; '
(b) v5.005_Average_EBS_Reloase_all_RNs.xs; (b) LA_v5.005_RN_Activity_Retesised_Calcs_Seis_1Myr_Riz_Rev01.gsm;
1010 LA_v5.005_EF_Nom_1Myr_EBS_Act_Rel Rev0.UNB S 1010 : LA_v5.005 SM_009000_003: EBS_Act Rei_Rev01.JNB
E o rrrTrl N DU B AR IR M R T LIS ML AR T T 1 rrry Tota‘ 9 E L} L UL T I LI ELRAS N U L R A Al LI “‘15 N Total
109 d Invento 10 :
E : ry 3 ! 3 Inventory
108 L 3| == Total EBS 108 4 - g | = Total EBS
107 % "\_\ : z)eleases 107 : : \_\\ ; R;eleases
106 3 \ ,_: iy b T Sr 106 - 3 “‘"""“Bsr
= 105 E ‘GE — 90 - 105 E i E — B9
o E — 137gs o : ey | = 18G5
< 104 ¢ ,gi —226Rg g 104 : ] | — 2Ra
,‘§‘ 103 ; !: ...... 230Th g 103 - g | reeeee 230Th
33 102 f | =234y :.3 102 ; ’4? ) ﬁ - 234y
< 4ot £ s 23TNp < 4ot 2 < 48 | e 237N
c E - « 239py T = g : P & et T3] | e 235pyT
g 100 ; o 100 ¢ 2 T | eeenes 2399y
1] . E S| eoeeee 239p,l ] 1 F . AP 3 Pu
= 1071 TR eeeess 240pT = 10 5 s M‘_w RN | e 240p,,T
102 | oo stopat 102 " gt A AU wap
103 .E - ceany \ E | 1073 % i —— \ i f-_\\ 3 .....24;Am1
104 £ -:— _46(' e h . q| —242p,7 104§ et e Nd | ™ ::ZPUIT .
1075 E ?, et I IR '.\_\ [ = 202py 1075 F A N R “243}:‘11
1076 F ' 13 ‘w \-./I Ly n\ #‘n’i T |:f_L Ll I l.dng e 23AmT 1()"6 E_ L ~ ...-; b \.‘4 L 002640C, LAn:u‘,n'
—502BADC LA 147200 . ; A eAa i
100 1,000 10,000 100,000 1,000,000 AT 100 1,000 10,000 100,000 1,000,000

Time (years) Time (years)
Combined Nominal/EF | Seismic Ground Motion

Key Pomt o ' : 'Key Points:

. At 104 yrs, mean activity released from EBS _ « At 104 yrs, mean activity released from EBS is
is less than 4 x 10 % of the ‘inventory about a factor of 100 higher than Nominal/EF
» By 10° yrs, mean activity released from EBS | « By 108 yrs, mean activity released from EBS is
is about 7% of total inventory about the same as Nominal/EF

Department of Energy » Office of Civilian Radioactive Waste Management _ ' ' ‘“WWW-‘ocrwmv-doe'-gov“
LL_YMMacKinnon_Barrler_NRCTE_040308.ppt ’ : 16



Lower Natural Barrier

Unsaturated Zone Welded Tuff Units

{under northem half of repository block)
+ Dissolved radionuclides .

The Lower Natural Barrier (LNB) prevents or substantially
_reduces the rate of movement of radionuclides from the
_ repository to the accessible environment.
move through fracture transport
« Radionuclides sorb onto colloids .
that move in fracture flow

\

1

)
-

Unsaturated Zone Nonwélded Tuff Units
(under southemn half of repository block)

» Dissolved radionuclides move through
matrix transport

¢ Radionuclides sorbed onto colloids
generally filtered by matrix

Unsaturated Zone below the Repository
* Low percolation water flow rates
« Matrix diffusion

« Sorption of radionuclides onto rock

Saturated Zone

» Low groundwater flow rates
* Matrix diffusion '

» Sorption of radionuclides onto rock

Approximate RMEI Location
« Fiitration of colloids

4

] . South
Lower Natural Barrier

) Not to Scale
P 00284DC_LA_0513c.af
-~ Saturated Zone Alluvium
- - + Sorption slows transport of radionuclides -
Saturated Zone Fractured Volcanic Tuffs . - « Larger effective porosity in alluvium slows transport velocity
« Diffusion and sorption slow transport of radionuclides

Department of Energy » Office of Civiian Radioactive WstevMa'n,age_me,nt
LL_YMMacKinnon_Barrier_NRCTE_040308.ppt . ‘
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Mean ActIVIty Released for the Selsm|c Ground
- Motion Modeling Case

EBS to UZ - SZ to Accessible Environment

i LA_V5.005_SM_008000_003.gsm; ' ‘ LA_v5,005_SWi_80S00D_0O3.gsm;
{b) LA_v5.005_RN_Activity_Released_Calcs_Sels_1Myr_Riz_RevOt.gsm; : . (a) LA_v5.005_RN vally Released_Calcs_Seis_1Myr_Rlz_Rev01.gsm;
LA_v5.005_SM_009000_003_EBS_Act_Rel_Rev01.JNB ) 10 LA_v5.005_SM_008000_003_SZ_Act_Rel_Rev01.INS
1010 =] D A St S e N § - T™T I TTIT T T T T ITTT T T !*'11—[_ 10 E T L) fllll T 1 rrrr o —rrrriy 1T [ CvTrr? To‘al
109 Z ‘ . . S ;I;]o\::!_“wy 109 E Inventory
(11 R S—— -~ Total £BS 10% & = g | T owlSz
- F ot 107 F T —— E Releases
10 f L . ~— =8} ... s0s
108 PR :g_?r- 106 ; e & et
F v——— (Y — 5 3 E —
6.‘ 105 § - 137gs 5 10 - N | e 137Cs
= 104 £ —_—egy | = 1 e 3 | —— *Ra
T, O SO NS S N —— I P 2307 £ 103 £ I G [ 230Th
= 3 F et ' ] U
B 10? £ - 24y S 102 & : e
<L 101 i s 23TNp < 10! E / . Vs wasem 2ITND
= E s o« 239 T c o E 4 o A | o 238pyT
§ 100 g g B B L 239py! 3 10° £ 4 P i I 2aspy)
= 107§ ceeere  240p,,T = 107 ¢ £ g ,,fw'; y ] feeenne 240p,T
ST g 2 SRS SN SOSSSMY <% NS~ 1) WIPLEL SRS W B VO 240pyt 1024 ¥ AT et | e 240pyt
10-3-§ | e 281pgT 103§ i AN NN [ P
10-4-£ ) A | e 2427 10-4 & P . A 4 3| e 242PyT
E - A . E PADEY O ¥ A ] | anes. 242Py
1075 e e _ :::::’;T 1075 ¢ [ X fy / &1' __mi:T
10—6_: L A‘L vfectas o bl 10—5 E R A W SR Y) j/Lh"L\n Y ALY AT T Y
R T . . 00284DC_LA_%474a.ai
100 1,000 10,000 100,000 1,000,000 100 1,000 10,000 . 100,000 1,000,000
Time (years) ‘ . Time (years)

Key Points:

» At 10%yrs, total mean activity released from SZ « 9gr & 137Cs from EBS confined to LNB

: o e
is about 50% of activity released from EBS » Reduction in activity released from LNB (10* yrs

By 10° yrs, total mean activity released from - and 10° yrs): 2'Am'(100%), 2**Pu (99% and 90%),
SZ is about 5 % of total inventory (vs 7% from 242py (99% and 66%), 2:"7Np (78% and 23%), 24U
EBS) , (89% and 32%)

*  Mean activity releases from SZ dominated by “« Mean activity releases of 20Th & 226Ra from SZ
99Tc B determlned by precursor 234U release

epartment of Energy * Office of Civilian Radioactive Waste Management ' , , ~ www.ocrwm.doe.gov
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Summary |
- The Yucca Mountain repository system is comprlsed of three
barriers, the UNB, EBS, and LNB

These barriers have the functions of (1) p.revesnti'nfg or substantially
reducing the rate of movement of water to the waste, (2) -
preventing or substantially reducing the release rate of

- radionuclides from the waste, and (3) preventing or substantially
reducing the rate of movement of radionuclides from the
repository to the accessible environment

Barriers include multiple features that have processes and events
that may act on or within the features to affect the capablhty of the
performance of the barrier -

Rationale and basis for ITWI classification a?nd'aq;u5a_'§l%i;ta»;ti~ve
demonstration of barrier capability is provided in Postclosure
Nuclear Safety Design Bases (SNL 2008) -

A complete evaluation of all potential FEPs, including the technlcal
basis for their inclusion or exclusion in the performance
‘assessment, is presented in Features, Events, and Processes for
the Total System Performance Assessment: Analyses (SNL 2008)

wwwo rwm.doe gov

Department of Energy » Office of Clwllan Radioactive Waste Management
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Supporting Documentation

Postclosure Nuclear Safety Design Bases |

(SNL 2008) provides

- Rationale and basis for ITWI classmcation

- Prowdes qualitative description of barrier capabi?lity
Total System Performance Assessment Model /
Analysis for the License Application

(SNL 2008, Section 8.3[a])

- Provides quantvitatiiieassessrnent of bagrrier eapab:ility

Technical bases for barrier ca%fpafb;iélﬁi-ty are contained in

— Features, Events, and Processes for the Total System Performance
Assessment: Analyses (SNL 2008) | |

— Performance Assessment analysis and modelmg reports

All barrier capability identified as important to waste
|solat|on is included in the TSPA model

vép‘a'rtméntbf Enér'gy « Office of Civilian Radioactive WasteManagement' ' . B , ' ’ ‘ ~ www.ocrwm.doe.gov
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Fracture vs. N

latrix Releases

- Mean Travel Time - 1.0
(vears) B _ ——=— Fracture Node 39713
: ‘ ' ——»—— Matrix Node 160424
| Map of - o8r

'+ fracture releases

: 06
- | Northern release ‘
i ~ > & 04f | 0Te

Nomalized Concentration

02t
0.0 H L i 2 1
10° 10' 100 10° 10* 10° 10°
: Time (years)
1.0 X

——=a—— Fracture Node 104159
——a—— Matrix Node 224870

. 99
~ Southern release Tc

A
—

Normalized Concentration

L
-

10* 10° 108

170000
171000
172000 ¢

. Time (years)

-000020, REV 02 ADD 02

Jasting () so.
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Viass rekthrouh Curves at 18-km Distan c‘e '
Nonsorbing Radionuclide

i S L i S i G S 6 i i o

Halabue Mass |

[ + r—r-rryiry _
b b [ 1CG1 S 1 54 53
Tire {§2ars}

NOTE:  The case of N matri: am!ﬂsum 5 shawn with the siheri-tashet ina. The case of maximum makis drmesion
I5 shawm with the fang-dasned [ine. ‘The caee Tor which Noalng Interval spading s set 12 Its 3520 percentlie
vakle (F3.4.m) isEhown it ike sofd line. ‘Mass mammm curvas. e for pregent cimatz and-ga nat
ln:c:uma Adonuside decay. ,

MDL-NBS-aH_S-'000021 REV 03 ADD 02, Figure 6-3 -
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Summary of Simulated Transport Times in the SZ
Under GlaclaI-Transmon Climatic Conditions

Range of Median Transport | Median Transport Time Among
Species Time (years) All Realizations (years)
.Carbon .

Technetium . 10 - 22190 , : 230
lodine

‘ Reversible Colloids:
Americium - . .
Thorium 1,000 - >1,000,000 7 >1,000,000
Protactinium

- | Reversible Colloids: | 42,000 to >1,000,000 - 1,000,000

Cesium ‘
Reversible Collofds: T ! : :

| Plutonium 3,000 to >1,000,000 95,000
Neptunium _ 100-to 455,300 3,700
Irreversible Colloids: . '
Plutonium 100 to 501,900 4,500

~ Americium : N

- Radium . 18,000 to >1,000,000 .731,000
Strontium . 9,000 to >1,000,000 286,000
Uranium 200 —to 931,200 8,800
Fast Fraction of Irreversible Colloids: : ' ‘

- Plutonium 10 to 1,790 60
Americium '
Selenium , ' ~ - 200 to >1,000,000 ‘ . 14,900

' $§"’e’s‘b'e Colloids: 3,000 to >1,000,000 >4,000,000

| MDL-NBS-HS-000021 REV 03 ADD 02, Table 6-10[a].

i
R
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Presentatlon Outhne

e Regulatory drivers for TSPA model development

e TSPA Model and Code Verlflcatlon Valldatlon and
Confidence-Building

— TSPA Model Information Flow and Data Transfer

— During-Development Model Validation Activities
+ Verification of inputs and software

+ Model stablllty testing: statlstlcal stability, temporal stablllty, spatlal
stability |

+ Uncertainty characterization reviews |
¢ Surrogate waste form analyses for DOE-owned and naval SNF
— P‘o.st-Devel.opment»Model Va'Iidation-.Acti-v:i'ties |
+ Corroboration of abstraction models with results of process-level models
+ Corroboration with auxi.liary analyses -
. -Cbrroboration with natural analogue information’

~+ Technical review

“Department of Energy » Office of Civilian Radioactive Waste Management www.ocrwm.doe.gov
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Links to 10 CFR 63 and NUREG-1804

o Proposed 10 CFR 63.114. Requirements for Performance Assessment

— 10 CFR 63.114(a)(7). “Pro’vide the technical basis for the models used to represent
~ the 10,000 years after disposal such as comparisons made with outputs of |
~ detailed process-level models..

« NUREG-1804, Section 2.2.1.4.1.3 Acceptance Criterion 3: “The Total
System Performance Assessment Code Provides a Credlble
'Representation of Repository Performance”

— (1) Assumptions made within the total system performance assessment code are
consistent among different modules of the code. The use of assumptions and
parameter values that differ among modules of the code is adequately documented

~ (2) The total system performance assessment code is properly verified, such that
there is confidence that the code is modeling the physical processes in the
repository system in the manner that was intended. The transfer of data between
- modules of the code is conducted properly

| - — (3) The estlmate of the uncertainty in the performance assessment results is
| consnstent with the model and parameter uncertainty; and

- '(4) The total system performance assessment sampling method ensures that
sampled parameters have been sampled across their ranges of uncertainty

epartment of Energy « Office of Civilian Radioactive Waste- Management : ) www.ocrwm.doe.gov
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TSPA Model and Code Venflcatlon
Validation, and Confidence-Building,
(including Proper Data Transfer)

" [Acceptance Criterion 3(2) of NUREG-1804, Section 2.2.1.4.1.3]

“‘Department of Energy » Office of ijiia Radioa_tieaste gnageme_nt




Model Valldat|on Approach

o During-Development Confldence -Building Activities
— Verification of inputs, software, submodel implementation, and .
submodel coupling |

— Model stability testing: statistical stablllty, numerlcal accuracy,
temporal stability, spatial stability

— Uncertainty cvharacterlzatlon reviews

— Surrogate waste form analyses for DOE-owned and naval SNF

o Post-development Confidence-Building Activities
— Corroboratlon of abstraction mode| results with the results of
‘process-level models - -

— Corroboration with auxll-iary analyses
~ + Deterministic single realization analyses
~ ¢ Comparison of TS'PA, Model results to Simplified TSPA Analysis
. Comparison of TSPA Model resuits to EPRI PA results
. Performancé Margin Analysis.(PMA): remove key conservatisms
'~ Corroboration with natural analogue |nformat|on

— Technlcal revnew

'Department of Energy Office of C|v|||an Radloact'ive Waste Management www.ocrwm.doe.gov
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During-Development Model
Validation Activities

Department of Energy » Office of Civilian Radioactive Waste Management www.ocrwm.doe.gov

LL_Sevougian_ModelSupport NRCTE. 040308.ppt




Durlng Development Model Valldatlon
_ . Activities
° Com-puter code and input verification
— Verify GoldSim & EXDOC_LA software and |
Dynamically Linked Libraries (DLLs)
+ Qualification of Software, IM-PRO-004

+ Supplemental verification tests are performed on the DLLs
within the TSPA model framework

— Ver|fy input parameters

+ Input parameter values in the TSPA Input Parameter Database
are verified against the source information in a DTN or AMR

— Verlfy submodels, model components and coupling
among submodels and model components

¢ When applled in the TSPA model spemfled inputs produce
expected results

f 'Department of Energy « Office of Civilian Radioactive Waste Management ‘ | www.ocrwm.doe.gov
LL_Sevougian_ModeISupport_NRCTE_MOSOB.ppt ' ' 7



Total System
Performance Assessment

Blosphere

nd Mobllization

ngineered Barnrler System
fow and Transport

Unsaturated Zone Flow it Events

00817DC_0002a.ai

Engineered Barrier
System Environment

Insat d Zone T port Principal TSPA-LA

Mode! Components

turated
:d Tra?:s::r‘:e Flow . Indicates general flow

— cimeiicomonns  TSPA AMR (MDL-WIS-PA-000005) -
Figure 1-23

Waste Package and
Drip Shield Degradation

wWw.‘ocrwm.-do_e.gov



‘Percolation Flu al Basa
of PTn, and UZ Flow Fietds

2 Pevcolallon ux al Bage of .
PTn and In-Drift Thermal-
Hydrologic nvm:nmanl

* Nominal scenario class

* Shows primary types of
information passed
from process models to
‘TSPA abstractions, and
among TSPA
abstractions and
submodels

Tempemtura

Wam Flnw Rme Through Falied | n RH
WPsa:and Water Flux Through tnver; ;x;l,wgn
Saturation

Fraction of WPs in & S«e;:mw':‘s
Environment, and Fraction of
in Non- Seeptnq

* Other diagrams are
applicable to early
failure, seismic, and

igneous scenario
. classes

 TSPA AMR Sections
6.1.4 and 6.3.X

'Mass Reloase Rate
'of Redlonuctides

i adionuciide Mass
(BN Fluxat 18-km

IJ 1o RME|
Groundwater Protection Metrica

008170C_¢ msbgl
stput detals Dosev"l"fli;oﬁes . TSPA AMR
Output details documented in text TSPA Performance for ( M D L_w' s -PA-O 0 o 0 0 5)

- Implemented in the TSPA:LA Model Nomina! Scenario Class Figure 6 1 4 1

Implemented in a TSPA stand-alone model

‘Department of Energy » Office of Civilian Radioactive Waste Management www.acrwm.doe.gov
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Examples of Ve:rivficatiieon,

1.0 —— T I
- |

| | T Yot | //
* DLL Verification: Comparison of the 1 "
237Np breakthrough curve generated o6 | - '
by the SZ_Convolute DLL in the | | | / |
TSPA model with the DTN source 2 / ¥
: . [ .

237Np Mass Flux (g/yr)

data

[=
o

[

N

E\

L

00817DC_0233

10 100 1,000 10,000 ’
Time (years)

vA.D42_G5_9.60.100_Revhs_VRFY_019a.gam;
i) 4042 GS 8.60.100_VRFY_019a_RTA_Calioids, w Advection REV00.UNB
10 T T T T T T T AR RO S E|

. ¢ Verification Ofthe EBS TransDort 101 _.M e nu SRR —— PALA Model i
Submodel: Comparison of 239Pu 7 e, oD, E
- concentrations generated by the

102 4 e c osion Products .~ Cormoslon Praducts

W ste Fol rmCoI! d e \Waste Form Caolloids  {-]

T
TSPA model with those generated N e ——
‘ . £ 404 L —
by an Excel spreadsheet (as | :
i H H G 105
provided in Appendix B of S

ANL-WIS-PA-000001, the EBS RTA R T I
107 —

model report) ,_ | i D N D
Nlustrative figures from TSPA AMR : T e

(e‘VMP'Iv.-?WIS-PA-OOOOOS) Figures 7.2-12 and 7.2-9

epartment of Energy « Office of Civilian Radioactive Waste Management ' ' - ~ www.oonwm.doe.gov
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'Durlng Development Model Valldatlon N
Activities ' -

e Model stability testing
— Statistical stability
— Numerical accuracy

' — Temporal stability

~ — Spatial stability

partment of Energy » Office of Civilian Radioactive Waste Management
Sevougian_ModelSupport_NRCTE_040308.ppt . ' : 1



Statlstlcal Stability for the Epistemic Uncertamty

1 ,000,000-Year Total Dose (over all modelmg cases)

o Replicate testing . e 95% Confidence -In-tervals

3 different random seeds for Mean

Visual test Assume t-d-istribution/

— Use the 3 replicates

LA_v5.000_1Myr_Total_Dose_Calcs.gsm;
LA_v5.000_1Myr_Total_Dose_Calcs_RS2_Rev00.gsm;
LA_v5.000_1Myr_Total_Dose_Calcs_RS3.gsm;

LA_v5.000_1Myr_Total_Dose_Calcs.gsm;
LA_v5.000_1Myr_Total_Dose_Calcs. RS2_Rev00.gsm;

—
o
~

(a.) . LA_v5.000_1Myr_Total_Dose_Calcs_RS3.gsm;
103 LA_v5.000_1Myr_Total_Dose_3RepComp_Rev(0.JNB 103 ) . LA_VS,IOOO_1Myr_C!_Tota'I_Dose_ReVOO.JNB
E T T T T | Y T T T T T T T N S T g T T T T E: ? ‘ L i L 1 ! ¢ + A v f v ¥ T g i ’ ’ T 3]
T 1 1 "y — 102 =
a) ~ N - f- - . i o 3
‘é 101 3 <¥ - i Py S BN i A g 101
>~ 100 ¢ E o - H
© ' ~ o | R e AR A e - |
2 10 R e g 10 e a ]

8 TR ! 2 o :
T 107 . o 107 Sy E
o | N ) 7 _ [ : :
= 10-3 : ‘ E 8 102
< 104+ o : . c - 1
o : ; ' E < 107 : ]

_ g 1075+ e Mean-1  m e Mean-2  sesss Mean-3 . |1 = F T ean 1o
@ L F — Median-1 ——— Median2 esees Median-3 | ] ) 8 104 -—- Overall Mean - ean-1 L.lq
o 10 ' e O5th-1  mmm Q5th-2  aeees 95th-3 | = ; —— Upper Bound  ——-Mean2 | iz
I 10_7___ ‘‘‘‘‘ e 5th-1 e B2 eeves 5th-3 . 105 : — Lov:ver Bound =— -Mean- 'E,%'

10—& . T Y B R J S R — ir PO T ;L IS S . . 10_5 T ]l et i } el ]L T S S Al -‘%
0 200,000 400, 000 600,000 800,000 1,000,000 0 200,000 400,000 600,000 800,000 1,000,000
Time (years) ‘ ‘ Time (years)

lllustrative figure from TSPA AMR (MDL-WIS-PA-000005) Figure 7.3.1-16 (a and b)

www.ocrwm.doe.gov
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/ . : . .
"LL_Sevougian_ModelSupport_NRCTE_040308.ppt ) ) 12

-



Statistical Stability for the Epistemic Uncertamty
1,000,000-Year Total Dose

e Bootstrap simulation (re-samvpling)

¢ Gives sampling‘distributi'on and confidence
intervals of mean for a single L.H.S. sample

LA_v5.000_ED_003000_008.gsm; LA_v5.000_EW_008000_012.gsm;
LA_v5.000_1G_003000_017.gsm; LA_v5.000_ SM_00S000_000.gsm;
LA_v5.000_SF_010800_t 000. gsm; VE1.004_GS_9.60.100_1Myr_ET{event time].gsm;

LA_v5.005_ED_003000_000.gsm; LA_v5.005_EW_006000_000.gsm;
LA_v5.005_IG_003000_000.gsm; LA_v5.005_SM_009000_003.gsm; LA V5. 005 SF 010800t )_000.gsm;

(b) vE1.004_GS_8.60.100_1Myr_ET[event time).gsm; LA_v5.005_1Myr_Total_Dose_Rev00.INB; {a) LA_v5.000_1Myr_Total_Dose_Rev00.JNB; LA_VS.000_1Myr_To&al_Duse_BSy2_1k_RS2211.gsm;
1,0 a LA_vA. 005 _1Myr_ Total Dose BSvZ 1k_R83211.gsm; LA_v5.005_1Myr_Total_Dose_MsanCB_Rev01.JNB 103 LA_v5.000_1Myr_Total_Dose_MeanCB_Rev00.JNB
102 F v5.005 ] 102 i V5.000 f
£ 10 ] Fwq
é F E = F 3
; 100 FE 3 % 100 g
1723 3 o0 ]
[0} 1 F B ]
8 101 ] &l
I 3 ] T ]
2 1072¢ g 2 102
g 1 E ¢ :
e 1073-% c e 1073-%
5 1§ ¢ s
= 104 ja = 104—= E
= | === Upper Confidence Interval ER . = | === Upper Confidence interval E
105 : Mean js. 10-5 L | =— Mean d
S| wessr Lower Confidence interval 38 £ <= Lower Confidence Interval E
10— ,' L I ! { l { 1 { Il 1 L L L Il PR . "5 10_6 r [ Il I} } 1 L -] 1 Sl A L 1 A ! L 1 ’

0 200,000 400,000 600,000 800,000 1,000,000 0 200,000 400,000 600,000 800,000 1,000,000

lllustrative figure from TSPA AMR (MDL-WIS.-P'A-OOOOOIS) Figure 7.3.1-48[a] (a and b)

Time (years)

Depament of nr . Oce of Civilian Radioactive Ws_te‘Ma‘na'ement '

LL_Sevougian_ModelSupport_NRCTE_040308.ppt

Time (years)

T www.ocram.doe.gov

13



"Départment of Ene . fﬁce of Ciilian Radioctiv Waste Mana_gement

Numerical Accuracy
1,000,000-Year Nominal Modeling Case

° Efféc_t of numbér of realizations

LA_v5.000_NC_000300_000.gsm; LA_v5.000_NC_001000_000.gsm;
) LA_v5.000_NC_Num_RIlz_Dose_Compare_Rev00./NB

108

‘E Ri T T LR T T T T 7T L T LA D S T LI T a
| ) - LHS 300 LHS 1,000 ]
. 10 —E —— Mean ——— Mean Ei
=3 ) [ e Median ——=— Median 5
o 10 — 95th  ——— o5th 3
E —— Sh === 5th —te =
o 100 S v P
. _ [~ ”7 .
2 jp2f o |
R = ' /v' 1
< : ‘ . ! - ]
o) -3 : / .ffw_
o 10 b ‘ : E
- / | f
m ,”r A 1 15
. 10_5 "w S e S M '38'
. o ! ] E
10—6 b 7 $ 1 I I L L f ) L T 1 . O N L 3
0 200,000 400,000 600,000' ' 800,000 1,000,000

Time (years)
_ lllustrative figure from TSPA AMR (MDL-WIS-PA-OOOOOS)~Figure 7.3.2-2

LL_Sevouglan_ModelSupport_NRCTE_040308.ppt
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. Numerlcal Accuracy of the Aleatory Integratnon

- 10,000-Year Seismic Ground Motion Modeling Case

e Expanded set of aleatory futures

— Base case: 6 event times, 5 damage fractions
~ Expanded case: 12 event times, 8 damage fractions

LA_v5.000_SM_009000_005 gsm; LA _v5.000_SM_008000_030.gsm;
LA_ vS .000_SM_ 008000, Ep1 Damage1e-8 Rev00.JNB 103
T

" LA_v5.000_SM_D0S000_010.gsm;
LA_v5.000_SM_009000_Ep1_Ev100_Rev00.JNB

T T T | BN R S R Il S S . I

E Damage Fraction ?
102 ¢ 563 e 106 [
F - 1g.3 === 1e-7]| ]
= - 101 L 184 wwmme 10-8 |-
E. _ 0.1 £ —— le5 === 1e-9] ]
o o 100 E
E £ . 3
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Numerical Accuracy of the Aleatory Integration:
| 10 OOO-Year Seismic Ground Motion Modehng Case

° Expected dose for five different eplstemlc
realizations: base case vs. expanded case

LA_v5.000_SM_009000_005.gsm; LA_v5.000_SM_009000_010.gsm;
. LA_v5.000_SM_009000_10k_Dose_Compare_Rev00.JNB
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lllustratlve flgure from TSPA AMR (MDL-WIS-PA-OOODOS) Flgure 7.3. 2 11 o
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‘Temporal Stability:
10,000-Year Seismic Ground Motion Modeling Case
e Two different timestep schemes for a given

repository future

LA_v5.000_SM 009000 005.gsm; LA_v5.000_SM_003000_013. gsm
LA _v5.000_SM_009000_014. gsm LA _v5. 000 _SM_10k_TimeStep_Dose Compare 1_Rev(1.JNB
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IIIustratlve figure from TSPA AMR (MDL-WIS PA-000005) Flgure 7.3. 3-8
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Spatial Stability:
10,000-Year Drip Shield Early Failure Modeling Case

o Cdmparison of the Effect on EBS Release of the |
‘Representative versus the Comprehensive Thermal-
Hydrologic Data Sets for %Tc, %], and ?**Pu

" LA_v5.000_ED_000300_002.gsm;

a LA_v5.000_ED_000300_007.gsm;
(a) g
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IIIustratlve flgure from TSPA AMR (MDL-WIS PA-000005) Flgure 7. 3 4- 1(a)
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During-Development Model Validation Activities

Uncertainty characterization
reviews

— Confirm parameter representations

reflect the major sources of
uncertainty and/or variability

'~ Verify that probability distributions

Integration Team

Department of Energy « Office of Civilian Radioactive Waste: Management
LL_Sevouglan_ModelSupport_NRCTE_040308.ppt '

TSPA AMR (MDL-WIS-PA-000005)
Figure 7.4-1

were derived using sound statistical
methods and mterpretatrons |

~ Ensure parameter representations
eom “are reasonable and defensible

PASIT  Performance Assessment Systems

— Uncertainty and sens"-iti-vi:ty analyses

wwnw.ocrwm.doe.gowv
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‘During-Development Model Validation Activities

. Sulrrogate waste form validation

— N-Reactor fuel as a surrogate for DOE
SNF (excluding naval SNF)

— CSNF as a surrogate for naval SNF

LA_v5.005_1G_00D3DO_002.gsm:;

LA_v5.000_ed_003300_002.gsm; LA_v5.000_ed_000300_018.gsm; LA_v5.005_iG_000300_003.gsm;
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lllustrative figures from TSPA AMR (MDL-WIS-PA-000005) Figures 7.5-20 and 7.5-5[a]
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Post-Development Model Validation
-  Activities

‘Department of Energy » Office of Civilian Radioactive Waste Management - B wwwi.ocrwm.doe.gov
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Post-Development Model Validation Activities

® Co-kroboratibn of direct in;p?ut abstraction
re'»s‘u-lts with validated process models

— TSPA model is an mtegratlon of abstractions and
process models

- — Abstractions provided to the TSPA code are
corroborated with their underlying process models
during their individual development and post-

development validation phases

%)/ Department of Energy « Office of Civilian Radioactive Waste Management ' V T winvwiocrwm.dos.gov
LL_Sevougian_ModelSupport_NRCTE_040308.ppt _ - . .2



| Post-evelopment Model Validation Activities

‘e Corroboration of results wiith' auxiliary analyses
| ~ Single realization analysns |

— Comparison to mdependently developed Slmpllﬂed
»TSPA anaIyS|s |

~ Comparison to EPRI IMARC analysns |

— Performance Margin AnaIyS|s (PMA)—eﬂ’ect of key
| conservatlsms

»‘-’De"partme't: of Energy « Office of Civilian Radioactive WsteMana_ge,nt _

: LL_Sevouglan_ModelSuppon_NRCTE_040308.ppt 23




~ Single Rea— lization Analysis

° frovide -inSi:?ht into submodel coupling

e Investigates the interactions and cause-effect
relationships between model components

e Camrerefh-ens ive understanding of the
performance of the system |

o Error-checking and model verification

partment of Energy « Office of Civilian Radioactive Waste Management www.ocrwm.doe.gov
LL_Sevougian_ModelSupport NRCTE_040308.ppt 24



Single Realization Analysis:
1,000,000-Year Seismic Gro-und. Motion Modeling Case

LA_v5.005_EM_00S000_003.gsm;

v5,005SM_008000_003,gsm; LA_5.005. 5M_ 009000 003, otalDose, v_RIz1S5. Aleat21.GS_ Riz 4641, Revo0 N3
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lllustrative figures from TSPA AMR (MDL-WIS-PA-000005),
__ Flgres 7.1. 1-52[a], 53[a], 55[a], and 56[a]
Department of Energy Ofﬂce of CMIlan Radloactlve Waste Management
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Single Realization Analysis:
1,000, 000-Year Seismic Ground Motion Modeling Case

_v5.005_SM_009000_00S gsm: LA_v5.005_SM_005000_005.gem;
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- lllustrative figures from TSPA AMR (MDL-WIS PA-000005),
| Flgurs 7.7.1-59]a], 60[a], 61[a], and 65[a]
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Single Realization Analysis:
1,000,000-Year Seismic Ground Motion Modeling Case

EBS Releases . Lower Natural Barrier Releases
» LA_v5.005_SM_00S000_004.gsm; : LA_v5.005_SM_009000_004.gsrm;
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lllustrative figures from TSPA AMR (MDL-WlS-PA-OOOOdS) Figures 7.7.1-69[a] and 7.7.1-73]a]
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‘Simplified TSPA Analysis

e Simplified refp»resesnta:tions, of mathematical
- equations that describe many degradation,
release, and 'tran-ssport processes |

® ‘Stand-alone FORTRAN 90 computer program

‘o Higher level abstraction of the same TSPA
FEPs; reduction in spatial and temporal
variability

‘Simplified UZ a_nd 'SZ traens@port models V

» Department of Energy « Office of Civilian Radioactive Waste-Management
N Lt_Sevouglan_ModelSupport_NRCTE_040308.ppt '
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Simplified TSPA Analysis
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Nlustrative figures from TSPA AMR (MDL-WIS-PA-DOOOOS),
Flgures 7.7.2-3[a], 6[a], 9[a],.and 12[a]
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EPRI Analysis

¢ Independent thlrd-party assessment of key
technical and smentmc iIssues

e Logic-tree vs. Monte Carlo sam-p%lé:ifsne--bazsed
e Same modelcdmponents and FEPs

e Differences in the results can be explained by

differences between the two models:

(DOE TSPA uses the most recent
submodel updates)

epartment of Energy « Office of Civilian Radioactive Waste Management wwwiocrwm.doe.gov
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Comparison to EPRI Analysis _
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e At 1,000,00‘0.-yrs dose results a.re; comparable
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Allustrative figure on the right from TSPA AMR (MDL-WIS-PA-000005), Figures 7.7.3-3[a] |
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¢ Include less conservatlve alternatwe
conceptual models

e Narrower parameter uncertainty distributions
in cases where conservatlve bounding values
were assumed |

° |;.ne-_-cf|su-»e%-s -afd%d‘%l%tlon?al. coupling among different
physical and chemical processes |

epartment.of Energy « Office of Civilian Radioactive Waste Management T ' o www.ocrwm.doe.gov
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Performance Margin AnaIyS|s
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o . E . al Lose ?]E:'

: Tlme (years)
i_lllustratlve figure from TSPA AMR (MDL-WIS-PA-OOOOOS) Flgure 7. 7 4-7[a] {(aandb) -
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Natural Analogues

e Com;’-aare. repository conditions an ‘materials
periods relevant to the lifetime of the reSItory |

o Provide insights and build confidence in the
conceptual and numerical models used to

- represent processes and events

e TSPA analogues |

~— 1995 volcanic eruption at Cerro Negro
Nicaragua

— Radlonucllde transport at the Nopal | uranium
deposit in the Slerra Pena Blanca in Chihuahua,
Mex:co

“Departmient of Energy « Office of Civilian Radioactive Waste: Management www.ocrwm.doe.gov
WY’ |1 Sevougian_ModelSupport NRCTE_040308.ppt: : ' _ 34



~ for ash deposition i/

Natural Analogues Cerro Negro

Confirm ASHPLUME ?\ T et
software code is capable e
of calculating ash
deposition from an |
eruption that could occur
at Yucca Mountain

E ASHPLUME calculation
around Cerro Negro

compares well with
observed data

- TSPA AMR (MDL-WIS-PA- 000005)
' Flgure 7.8- 1

S Department of Energy » Office of Civilian Radioactive Waste Management N VWW.OCIA. 00,00V

¥\t _sevougian_ModelSupport_ NRCTE_040308.ppt L



Natural Analogues Pena Ilanca

e Analogue for the evolution, fate, dissolution and
transport of SNF placed in the r'e%:o.sai-ltzory

e Uranium depoSlt is geologically, climatically,
geochemically, and hydrologlcally analogous to
Yucca Mountain

° H:ydarg;efozleogl:c and geochemical |nvest|at|ns at
Nopal | indicate that there has been relatively little
~ transport of the radionuclides from the ore deposit
and that few radlonuclldes have traveled very far
from their sources

Department of Energy « Office of Civilian Radioactive Waste-Management
LL_Sevougian_ModelSupport_NRCTE_040308.ppt ) ) 36



. Inde enden'tTechnicaI Review

® Successnve lteratmns of the TSPA model have been
subject to independent reviews by technical staff and
- various external organizations

During the development of subsequent iterations of the
TSPA model, recommendations from the technical
- review of the preceding iterations are considered

. In addition to routine NW

RB reviews, three recent
. techmcal reviews mclude

- TSPA-VA model peer revnew conducted in 1999

— TSPA-SR model review by an mtematlonal review team in 2002

— TSPA-LA draft model review by an independent validation
~ review team completed in 2006 |

epartment of Energy « Office of Civilian Radioactive Waste:Management _  www.ocrwim.doe.gov
LL_Sevougian_ModetSupport. NRCTE_040308.ppt . 37
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gy for 10, ,000-year Seis
flodeling Case

Calculate Expectation over--Aleatorv-Uncerte&ing

start Annual Dose Integrated ‘
over am"e:Arel’ lnterpolited Selsmlc Eutur“.
— (6 event times) {multiple event times} .
. m i TR N 0 . s
Sample Eplstemlc %ﬁ £
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Outline

e Waste Package Corrosion Mechanisms
— General Corrosion (GC) (ANL-EBS-MD-000003)
— Microbially Influenced Corrosion (ANL-EBS-000003)
- Localized Corrosion (LC) (ANL-EBS-OOOOOB) |
_ Stress Corrosion Cracking (ANL-EBS-000005)
— Waste Package'Crack a’n‘d Patch Failures vs. Time
‘e Drip Shield Corrosion Mechamsms '
'~ General Corrosion (ANL-EBS-MD-000004)
— Drip Shield Failures vs. Time

e Nominal Scenario Dose Curves

} Department of Energy.» Office of Civilian Radioactive Waste Management
LL_YMBROWN_NRCTE_040408.ppt




Objectives of Waste Package and Drip
Shield Degradation Abstraction -

s Provide the Engi-nee'red Barrier Systerh (EBS) flow
and transport model and waste form degradatlon and
mobilization model:

— Number of patch and crack breaches per falled waste -
package (WP) | o .

— Number of failed drip shlelds (DS) | " b

— Waste package and 6

drip shield thinning
for seismic consequences

aby0BIG243:a!

ANL-EBS-PA-000001

J-Départment of Energy » Office of Civilian Radioactive Waste Management - o | T wwwioorwm.doe.gov

LL_YMBROWN_NRCTE_040408.ppt 3




N aste package General Corrosnon_

1.00

3

[ |

% E 0I5 -—--- 1" S S 77 7|—Low Uncertainty -
E' E ! —Medium Uncertainty |

k) a : g ' — High Uncertainty

i [<] | /0 : > Measured Data

= % 0.0 /- P !

2 2 | | |

5 3 /s |
2 £ 5/ ! ; :

g 50 3 025 bom o R L LD
Q. . ' I i

§ ! ¥

'_ ] i

. ' 0.00 & ; — , — ; '
10? ¢ 10* o 16° | o .0 5 10 15 20 25 30
“Time (yeers) General Corrosion Rat.e (nmlyr) |
ANL-EBS-MD-000049 fig 6.3-76[a] C1 ANL-EBS-MD-000003 fig 6-23
Rate =f,,.exp| C, —— |
| MIC T T |

. Tempve-ra«ture»profl»lves' o . C,, temperature dependence,
— Spatial variability (WP-to-WP) ?f;g% on normal distribution
e C,, pre-exponent corrosion - ‘Uncertai»nty "
rate at 60°C, based on Weibull
distribution fit to welght -loss orrosion multlpller

data
_ — Spatlal varlablllty
- — Spatial variability \ | (patch to patch)
R (patch-to-patch) -
< D'ebftfhent of Enérgy-Oe o-iilia Raosaant . _
' LL_YMBROWN_NRCTE_040498.ppt B ' v ' 4
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‘General Corrosion of the Waste Package _

. Cumulative Probability

e 5-yr c-revice gfe-omet‘ry‘ s;fpecime-sn weight-loss

& Actlvatlon energy from polarlzatlon resistance
25°C 20000

1.00 1.00 4
0.90 +-{=—60°C [-——r-mtomodfemommcbfeecen bl 0.90
(1YF: 1030 1 (SN U SNY SOV SUNSPRIEY (N8 NN (U RN PSRRI S— ] . ‘
2 080 e - : :
0.70 +- E . 2 X 3 b
: ' ‘ ‘ . . 5 070 - o A | e e
[ 1 ' ] i . ! . '
L e o A R - / s N P
: | P ] o e T
L B e | e At s LR o - a o ;
i N i i : o 050 R : : i
0.40 - = ? i |
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O o020 : : : . - — i 50 :
2 x i ~——High-Low 25°C
© 010 R E / — Low-Low 200°C
) iy LT N : H 0.10: 1 == Medium-Medium 200°C
0.00 7 —t i +— i o -—ngh-ngh 200° c
001 01 1 10 - 100: 1000 10000 . 100600 1000000. 0.00 ‘
001, 0. 1 10 1000 “1000 10000 1oonoa 1000000

Corrosion Rate (nmiyr) ‘Corrosion Rate (nmlyr)
Corrosion Rate Range for Median Corrosnon Rate Range for 25°C and 200°C

Activation Energy | | ANL-EBS-MD-000003 fig 6-27
ANL-EBS-MD-000003 fig 6-26 - '

Department of Energy » Office of Civilian Radioactive Waste Management o : , " www.ocrwm.doe.gov
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Microbially Influenced Corrosion

e Alloy 22 incubated with sterile or nonsterilized YM rock
— Fyuc 1-2x multiplier on GC rate, no localized corrosion effect
— Concentrated (10x) g'rOUndwater with 0.1"% glucose ~ 5 years
— Applied at a relative hUmi-dity threshold of 75-90% (uniform)

Non-reacted 43 months sterile 57 months non-sterile
R microcosm | microcosm

ANL-EBS-MD-000003 fig. 6-55 -

) Department of Energy » Office of Civilian Radioactive asteMar_\agemem " www.ocrwm.doe.gov

N LL_YMBROWN_NRCTE_040408.ppt : : ' ' 6



Waste Package Loeallzed Corrosnon

e Waste package areas contacted
by seepage may be subjectto LC ‘ g

o If seepage occurs at relative humidity
(RH) < ~70% model |n|t|ates o
LC — salt separatlon o i

Potential (mV versus SSC)

Pateatiat (mV versus SSCY

. If seepage occurs at RH > ~70%

— Compare

E...» long-term corrosion potentlal to

Potentia! (mV versus S5C)

E, ., Crevice repasswatlon potentlal |

Potentia] (mV versus SSC)

~ Model vs DataE_,,,
. Ecorr and Erc,-ev functions of T, pH, [C' —] [NO "1 AnL-ERS-MD-000003 (fig 6-34.41)

O Ecmrr > E,..., model initiates LC

» Uncertamty in f|tt|ng parameters

» Spatlal variability from thermal and chemlcal variations

« LC corrosion rates result i in rapid penetration of WP

4 Department of Energy Ofﬁce of Civilian Radioactive Waste: Management
LL_YMBROWN_NRCTE_040408.ppt .
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www.ocrwm.doe.gov

7



Waste Package Stress Corrosion Cracking

e Onlyin closure weld ‘regi-ons_(in -absenc{é of seismicity)
— Weld region is plasticity burnished

- — Initiates at lnclplent defects or
weld flaws

e  Growth by Slip
Dissolution Model

. Area for Stress Corrosion Cracking:
=" Weld Joining Outer Lid to Waste

— Stress Corrosion Cracking (SCC)-, e
Initiation Criterion of = = weserasese

Outer Shelll }Nasteslgaﬁkage
90-105% of yield stress pmm 7 B S s
—bm ' ' : o _;‘; - ,,?’Xﬁiiec'?fﬁi‘;gfm'
- Rate Of craCk . Waste Package * | . (50 mm Stainless Steel)
h h f . - ) gtéter C!:ﬁqrezlil;i:-\‘ 5 ] . .
growth a function of ey

+ Stress intensity factor
}> Uncertainty 1
* 'Repassivation rate - | g
» . Uncertainty a

#*Department of Eergy » Office of Civilian Radioactive Waste Management ~ www.ocrwm.doe.gov

LL_YMBROWN_NRCTE_040408.ppt . : 8



(a)

100

Fraction of Waste Packages
Breached by Cracks
=

1074

)

100

Fraction of Waste Packages
—o‘ .
&

Breached by General Corrosion Patches
- .

-
Q
1

E-N

Nominal Scenarlc Waste Package
Breaches

LA_v5.005_NC_000300_003.gsm;

10-1 —:—

v5.005_StandAlone_WAPDEG_CSNF_First_Grk_Breach_Rev02.JNB
——— ——r——

| — 95th Percentie D =l 7_,, ‘ . '.
| —— Veden / | //; 1 Crack Breaches (diffusive release)

- 5th Percentile

// // | Stress Corrosion Cracking

1073

0 200,000 400,000 600,000 800,000 1,000,000 -
Time (years)

LA_v5.005_NC_000300_003gsr;
v5.005_StandAtone_ WAPDEG_CSNF_First_Pat_Bresch Rev02.JNB
T—T— =TT —

e
(=]
[
-
!

| ppene -~ 1 - Patch Breaches (diffusive release if

Median

| o Perente ' . drip shield intact, advective release if |
o | /% 1~ drip shield failed) |

/ / General Corrosion

r/' 1 Localized Corrosion
: |8

200,000 400,000 600,000 800,000 1,000,000

- Time (years)

_MDL-WIS-PA-000005 fig. 8.3-6[a]

epartment of Energy « Office of Civilian Radioactive Waste-Management . . www.ocrwm.doe.gov :
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Drip Shield General Corrosion

e _Titanium grade 7 drip shield plates
— Benign conditions on DS inner surface, aggressnve
conditions on outer surface
— Uncertainty only
"No temperature dependence

1.0 ; ; f .
I ‘ ' _ ' : ; !
o8l - ‘-__'J:__Benig'n“_s__m e o] L __________
2 «— Condition | : : 5
=) [ T e B B it e — """""""" ” ——————————
[ = H H
o ! ; ; b
o i ; | : : .
>z | X i : : o
= : .
o 0.4+ L 5 e e
= ! , Intermediate f ’
=3 3 i . | ] i . .
E 5 : \ Condition \ fem—_ Aggressive
3 . ; o ; Condition .
(& i - X o
024 -} - , - R e R
0.0 NP TS VS T T ST Y | i M i " i : ..............
0 10 20 30 40 50 60

Corrosion Rate (nm/yr)

ANL- EBS MD-000004 fi f'g 6- 8[a] P
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an Shleld Structural General Corros:on

o Tltamum Grade 29 Structural Materlal

Grade 7 aggressive condition rate is used multlplled

by Grade 29/Grade 7 ratio

Ratio based upon CDF of corrosion rate ratios for
-several different conditions - |

1,000 v /‘ ,o*’é'___*“ o
) o~ /D/ o :
© 0.900{—— A
. : . ) i
. ‘ / ! . N -
a0 / /- Approach 3 is_use
E é/ for ratio | |
£ 0700 : :
o . 4 B :
) : N ' - =—{J= Approach 3
0.600 . : : S 1 —o— Approach 1 | '
{ o . o ={3= Approach 2 '
0.500 - ek : _ 5
Y | :
: 2
0.400 — - - s
- 00 1.0 20 3.0 40 | 50 6.0 7.0 8.0
ANL EBS-MD- 000004 fig. 6-20a] ' Ti Grade 29/Ti Grade 7 Corrosion Rate Ratio

T waww.ocrwm.doe.gov

1
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Drip Shield Failures

LA_v5.000_NC_000300_000.gsm; LA_v5.000_SM_009000_000.gsm;
v5.000_DS Failure_Time_Histogram_Rev00.jnb
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Dose Results Nominal Scenario

LA _v5.005_NC_000300.000.gsm; LA_v5.005_NC_000300_000_Total_Dose_Rev01.JNB
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Summary
o Waste Pa'c-»kae General Co.rro:si;on, Microbially '
Influenced Corrosion and Localized Corrosion:
— Result in advective releases if drip shield has failed
~ Result in diffusive releases if drip shield is intact
e Waste Pa-ekage Stress Corrosion -CraCkiheg:

- Results in diffusive releases

e General corrosion results in waste package and
drip shield thinning which feeds seismic |
consequence abstractlons

’Department of Energy » Office of Clwhan Radloactlve Waste Management ‘ - v www.ocrwm.doe.gov
B2 || YMBROWN_NRCTE. 040408.ppt . » ' 14
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Presentation Outline

d facilitated transport (including sorption)

del in the corrosion products domain

nsaturated zone (UZ) interface — treatment of

IR ‘Department of Energy.« Office.of Civilian Radloactive Waste Management
WP LL_YNMMacKinnhon_EBS Transport, NRCTE_040408.ppt




;radlo T I|de mass Ix thrn gh various |
omponents o.é 'the EBS once the waste package
s brea red and wasteform starts to degrade

vides ti ;;{-;e--d?'e'p‘e‘nﬁdfe:nft rad‘l‘o’n'ucll‘de- mass flux
1 EBS to the fracture and v atrix nes of the
,eI |

L Z tran sport m

L .;’f‘i_i"Dapammnt of: Enamy »Office of Givilian! Radicactive Wasta Managemant T
- L YMM cKinnon_EBS Tran sport NRCTE_040408.ppt
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N el Assuir t|ns

o diffusive or adr::-e:ctlve transpcrt in the EBS when
mperatures are above 100°C—source term can still degrade

 When T< 1“°C but RH<95%, no dlffusr /e transport in
packages that have no seepage ”

— Waste fcrm'.-diegrades but water is consumed in the chemical
reactions (RH=95% corresponds to about 10 monolayers of
adsorbed vater)

* Presence of continuous th|n fllms on the internals of the WH |
and waste form (when above two conditions are not
allcable)

NP is assumed to be in contact W|th the invert

— Continuous th|n water fllm assumed between
- diffusive transport

» All drift-seepage falls onto drlp sh|eld (DS), and aII flux
through the DS faIIs onto the NP

WP a-n?d iznvert for

fnmant of Enemy +Officeiof: cr\rilianrRadloacﬂve Wasta Hanagement
MMacKinnon_EBS Transport. NRCTE_040408.ppt



EBS Flow Conceptual

* EBS flow
describes the mass
balance of water withir | o
V-] ?‘,}"; L1 > - S . Flg\;lighg;:lg\v | ' |
various EIS 8 o, \
components . | o

A. ' Le ‘ " SeepageFlixinto.the Drift and

Condensation Flux: frorn Dnﬂ Wall

Yw

Drip Shield

Wasts Paekage

assumed

Flux into
the invert

* Evaporation is not
modeled (conservative |, ..

from Host Rock DR A
Host Unsaturated: - -

assumption) | | | -

Flow out of the
Invert to UZ

Modified from ANL-WIS-PA-000001 REV 02

R Department of Eniergy.« Office of Civilian Radioctive Waste: Hamgemgm B
LL_YMMacKinnon_EBS Transport NRCTE: 040408.ppt




1zec ! ‘d "'elji' aéied through |
the breap-; ed WP into the invert DSt
and to the UZ

e 1D and 2D advective and |
iffusive transport, including e _

radioactive decay and Package
- (equl'ls.lbrlum and kinetic) sorptlon

Crown Seepage

»  Species dependent free-water
diffusion coefficient used

« Both dlssolved and colloid- et Wik
facilitated transport considered |

 Waste Package
Leakage :

AMR_EBS_PCE D11m.ai

» AEffect of contl-nued degfradatlon
| of WP internals included (metal |
corrosion psl-'deUC-ts) . - y . EBS Radionuclide Release

 Chemical condltlons inside the WP and invert determined separately
-(for soluhlhi y and colloid stablllty calculatlons)

AABNARY OGTANY

Y Do i’:"a"nment of: Eﬂergy ‘. omca of: cwillamaadloactwe Waste Managemem
- AT YMMacKinnon EBS Transport_NRCTE_040408.ppt -



o Waste Form Domain
L C’O r I’OSI()n PI’OdUCtS Dmaln

Invert Domain
» EBS-UZ Interface Domain

Domam is fu j her dlwded‘mto HLW'and
DSNF waste form subdomains

Waste
Form
Domain
(Inside TAD

Canister)

Corrosion
Products
Domain
‘(Includes TAD
Canister, Plus
Area Outside
TAD Canister)



e Commercial spent nuclear fuel

(CSNF)—single waste form domain

— represents fuel rods and steel

inside the TAD canister

* Co-disposal—tw

— HLW (glass logs) and. DSNF with
~ canister steel and steel support
tubes

NF col.lmds are. generated

* Saturation is computed from water

~ vapor adsorption |setherms when
‘there is no advection after the
breach; full saturation assumed in
cases where there is advection

- ff-*Depamnent of. Enefﬂ)' . Ofﬁce of ctvlllamaadloac:lve Wanta Mﬂnagemm i
# LL_YMMacKinnon_EBS Transport NRCTE_040408.ppt

/o0 WF subdomains

gr.s s as b I;oth waste form and steell" .
degrades (no cladding credit taken)

pler \entation

Oar. Waller Layers -

. S : e
CSNF PWR Wasts Package - SROGE
Crous Section

Radionuckde invetory
* Cap ared g baaumrtary
* UG, mwow

11111
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m|xture of fulel and steel
components

— Vo-lume ex_p-anfs‘ian assacia‘ted» with

prod ucts; forr
fill up the ins AD
for CSN*»:F*and the mner vessel for
CDSP WPs

€ try i@aas shewn)

efficient (assumes
n, Archie’s law):

WF

D’zi-:-ffuas;iéo;fns coef
temperature

icient corrected for

j '#énmant of Energy's: omca of. cmnam Radloacllve Waste Management T
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Inner Vessel

Diffusion Areas of the
Cell Centered Nodes

(CSNF conflguratlon)

‘‘‘‘‘‘

TAD Canistar

008170L_0084m.ai

(ml|llmeler scale)’

CSNF Fual.Pellat Degradation
and:Radionuclide Mobitization

Alteration of UO2

causing splitting
of cladding.and
-formation of rind

Unaltared
UO2 matrix

Corrosion Products Domain

— Cell Centered Nodes

Outer Barrier

RN AL 3 i
VTR LN



Corrosion Product Domain—Implementation

Waste Form Domain ‘ Corrosion Products Domain

* Represents steel corrosion
products (iron oxyhydroxides)
from degradation of steel that
is outside the fuel basket or
fuel canisters

* Equilibrium and kinetic
sorption modeled on the » -
‘stationary corrosion products ° | | 7
and on the iron o s-_‘_;hydromde 70 R
colloids | | e

6.0 ‘ - - Faa03 - McCafferty & Zettiemoyer 1970
5.5 . . l l i Fe,0; - Morimoto et al. 1969

* Pore volume is time-dependent = TIF| o Foios - Kawabara st 1507
5.0 - :

*
°
<
FB~{| o Fe,05 - Micale etal. 1985
.
-]
o

1 | =— FHH Mode! Fit
; * = 85% Prediction Interval

~ and grows as steel degrades %, ; 1/ |

. S . N FeOOH - Micale et al. 1985
_ , - . , ‘ o 840 * N L FaOOH - Jurinak 1964 .
» Saturation is com uted from S e 39 2ol = FeOOH - Koch & Molier 1987
o = 35 -

Pz / Pm ' || & HFO - Hofmann etal. 2004

watervap.r : adsorptign &30 /“, ' : ‘ - ;‘E““‘— a HFO . - Kandori & Ishikawa 1991

25 _ .. 2+ [l o Cr,03 - Kitaka etal. 1983
isotherms when there is no T e iR || e cnds - Nagaoetal 190
20— et A —— | « CrRO; - Haruetal 2005

° * ' ' : HCIO, - Kittaka et al. 1984

~ advection after the breach; full 151 o’ Ad| o MO0y - K ota o0
~ saturation assumed in cases e oWy - W ata 1075

0.5 t‘ﬂ‘:—n.". .. Ni(OH),

where there is advection - o o

0 01 02 03 04 05 06 07 08 09 1
Relative Humidity




(continued)

* This don ain is ¢ dlwded into tw
ce I IS ) . : ) o ' Inner Vessel

TAD Canister

— Co:rréoszi.oﬁm--P?frodsufcts cell
—  Quter Barrier cell

Diffusion Areas of the
Cell Gentered Nades

Corrosion Products Domain

Cell Centered Nodes

on the geeé metry, how

iffusive area for t e outer barrler ,
cell is the breach area t_;at varles by
" the scenario class being i eled

T oefficient (assumes
porous ssf'edlum Archie’s law)

Dcp = ¢cp'%S,2D

Outer Barrier

Waste Form Domain

00817DC_0084a.a!

iffusion coef :slc1ent also corrected | ~
for tem perature - | (CSNF configuration)

”'SDepamnent 'of Energy .. OHIcn of Civlllad Radioactive: Waste llanagament T
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usive Ieng;tlh and area)

* Assumes rectangular geometry (fixed dif

Reversible sorption on the crushed tuff modeled (same as that for
devitri ;éIEd rock unit i |n the ?@{Zf”transepert model)

bility checked for aII colloids moving from P to invert
(groundwater collolds can occurin the mvert if there is drlft-seepage)

‘ y-lBGSnj
R2= 0.915 k

».fnater volume _ofmvert is

10910(¢‘Sw9ﬂ/91)
B

|ffusmn Coefficient:

.-;-%p.erlmental data) 730
D= Do¢1 863sl .863 1 OND(,U—O .033,0=0.218) o
(ND = Normal : Dl’StrlbUtIOn ) | | -4'5.2.0 -15 ' ~10 | -05 n

= JTT T T

- G R
WAL OGEWITY, Rk

orgyie Oﬂf(:a of CWlllaanadloacllve Was!a Hanagemen! "
Mackinnon_EBS Transport NRCTE: ‘040408.ppt




EBS-UZ Interface Model Domain—
Implementatlon

2-D dual contmuum UZ domain
(fracture and matrix co-ntl.:n.u»a)

Reversible sorption in the UZ
matrix continuum

Hydrologic properties and |
percolation flux are consistent
with the 3-D UZ model

Mass flux (g Iyr):;gomg from
invert to UZ domainis
intercepted and passed to UZ
transport model (FEHM) at each
time step for each radionuclide

Near Field
UZ Domain

S8, = steady state fracture fiux
8S,, = steady state matrix flux

= matrix ! = fracture

Mass flux introduced into
fracture and m__atnx nqdes of the

! A
o S : ~+
N p— - ° o : o *- °
iffusive mass flux gomg mto T} ) ) IS | Y S | WU | SN ) P
the fracture and matrixcellsof = =~ = ' & @ =
UZ Fracture UZ Matrix ‘UZ Fracture UZ Matrix UZ Fracture UZ Matrix

the EBS UZ d.ma"‘] o Left i Leht Mid Mid . Right. Right

g

p’értment a! Energy e G!Hca off CIvillaﬂ Radloaeilve Waata Management
" LL_YMMacKinnon_EBS Transport NRCTE_040408.ppt




Colloid Facilitated Transport in EBS

Three classes of c:ofl'-"loﬂ'fds;‘: modeled. Com plex
mineralogies are SI plified for purposes of
o *@elil-tn-:g |

Naste form colllolds

+ Smectite mlneralogy (HLW degradatlon)
ineralogy »(from- CSNF and DSNF)
+ Pu-Zr oxide mineralogy (from CSNF degradatlon)
-sdzroé;,s:‘;lasde (corrosion product)

~Uranophane m

— lron oxy
colloids

+ Ferrihydrite and goethite mineralogy for sorption

(Hze‘;mfaétif;te_.m::iam‘a_érailéo.g;y for stability calculation)

Groundwatenr
colloid

— Groundwater (seepage water) colloids

'+ Smectite mineralogy

e ;{;?J:apartment ‘of Enmy be om« of: crvlllanfnadloacllve Wiste-Management
n» Ll YMMacKinnon_EBS Transport: NRCTE_040408. ppt



of Radionuclides on Colloids

e Type of Sorption on Colloids:
+ Waste form colloids |
» HLW glass degradation colloids - re";ve-rs‘i*bl'e and irreversible
» SNF uranium mineral colloids - reversible |
» CSNF degradation rind colloids — irreversible
+ Iron oxyhydroxide colloids — reversible and irreversible
'+ Groundwater colloids — reversible

 Reversible sorption on waste form and groundwater colloids modeled
for 9 elements: U, Np, Pu, Am, Cs, Pa, Th, Sn, and Ra (in all domains)

n oxyhydroxide colloids is based on surface |

-omplexation based competitive sorption model for 5 elements: U, Np,

. Pu, Am; and Thi(in sion products domain) -

. Irreversmlesorptlonmodeled for only two elements: Puand Am as a_
kinetic process (only in the waste form and corrosion products domain)

ion on waste form and ?koundwater co;lélé'd;is:d‘s; is based

s Sorption on iron ox .
complex:

O
)
)
o]

* Reversible sorption on waste form an
on sampled linear adsorption isotherm (K,)
' led K, may be further adjusted to limit sorption from

g the sorpti apacity. Sorption sites are partitioned linearly
; ni s based on their sampled K, and d’sf_issd-l%ved

ve:Waste: Managament . . . AR, OCEW I, 06, GO% 16



stion Model in Corrosion
- Products Domain
e Asurface co :;tplexatlon based competitive sorphon mroclel Is

developed for radionuclide sorption on stationary corrosion
products and iron o ;;-fe,,é;h;—ﬁ.etérexmle collelds

o Theeler \ents considered for competltlve sorption are U, Np,
Pu, Am, Th and Ni along |th carb..o_nate ions

— (Crand Mo are much lower in concentration and thus not
modeled; Ca?*, Mg?*, and SO,> have small binding constants
and thus have negligible: effect not modeled in final calcs.)

» Also used to cempute the pH in the corrosion procluct
domain »

o Sorption only a yplied to steel degradatlen products in the
corrosion products domain

—~ Sorptmn on: corrosmn products i |n the Waste Form domain is
ighored

» Sorption only.

:o;deled on iron oxmles (ferrihydrite and
g'e‘. hi .

ite) from ¢ degradatlon of steel

- Serptlon on-NiO ) and Crzo is conservatlvely |gnored |

‘Dapartmerit of Enemy +Office.of Civilian/Radioactive Waste: Mmgement '
LL YMMacKinnon_EBS TransportNRCTE. 040408 ppt



O ey CAYS 005 EF.Nom_ My €85t Rl RTINS | e
10° ‘ . Inventory
==em=q Total EBS
108 \\ Releases
et (N F-EFELECR T IR 107 e S0y
) — — 99T,
Combined Nominal 5 w —_c
ombined Nomina 5 10 . iy
= 104 - : ~ :
and Early Failure Z 100 ‘ A
y, P HPEY . Y g 102 ' J—
Modeling Cases g% | " - T,
. c . . -
g AR P ~=y7. | W
* Prior to 170,000 years:releases are 03 a S edlf 22 N\ |.. X —— 1T
primarily from -early WPfailure:and early :0 . Y RY o 7 & - ey | —202p,T
DS failure. Afterwards, primarilyfrom 106 7 AT '.!- (| "\CE e 2py
WP failure dueto:nominal processes 108 /7 N v N, N | AmT
— Expected number of EF WP = 1.08 _ 100 . 1000 10000 100000

. OO 1000000
{dominant contributor) ,

~ Expected:number of EF DS = 0.018 (smaller
contiibutor)

Time (years)

. Radlonuclldes that are modeled as non-sorbing with no
solubility liniit are released rapidly followmg waste-form
degradation (e.g., *Tc, '2)

* DS failure times (from general,
corrosion) range between: 270; 000 and

340,000 years * Solubility limits the dissolved concentration of actinides
* Increase inrelease around 10, 000 years is due to " in waste form.domain '

contribution from: early fallure!of 'CSNF WP.: Prior : S _ . o
to thatthe rélease-is from early failure of COSPWP  * U, Np, Pu, Am, and Th undergo reversible sorption on the
stationary-corrosion products:(also: separately on the
crushed tuffin invert). Superscript “I'’ represents mass
associated irreversibly with colloids. “T” denotes total

— Note: No-: dlffuswe releases from WP while RH < 95% and
T < 100°C (under no flow condlt_uons inside-WP).

» About 69% of the WP’s'are in the non-seeping mass.
environment (31% in seeping environment). This - « Nommal releases are mostly from diffusion due to larger
affects the mass fraction going to UZ fractures vs. number of WPs failing by SCC. Patches are unllkely prior
UZ matrix to 600,000 years

- lefusmn coefficient of colloids is 5|gn|f' cantly S aller than
dlssolved species

"'ﬁanmnt ‘af Emruy X oﬂlco ofcwman lRadloaeﬁve Wam Management
" LL. YMMacKinnon_gEBS’ Transport NRCTE 040408.ppt




Performance—
Seismic Ground
MOthﬂ Modeling Case

Mean Activity (Ci)
2

* Prior to170, 000 years releases are-
primarily: from processes related to

~ vibratory-ground motion-induced' WP :gj

| failures. 104

* Between 170,000 and:600, 000 years 10°

- contribution-to: releases are -from both 106
nominal .and vibratory ground- motlon-

induced DS and: WP fallures

~* Past.600,000 years releases are pnmarlly
from fallure of WPs by’ nomlnal processes

. Selsmlcally-mduced SCC of the CSNF WPs is not
likely prior to-61,000 years, whereas that for CDSP
WPs may occur: much earlier

— In the first 10,000 years CDSP:‘WPs are the
predommant contrlbutors to the release

* DS failure times. (from combined seismically-
induced ruptures and: general corrosmn) range
from about 40,000 years and 300, 000 years

* About 30% of the WPs are in the non-seeping
environment (70% in seeping environment)-for the

. post-10,000 year period due-to-ground motion-
induced drift collapse. This affects'the mass

'ractlon gomg to UZ fractures vs. UZ matrix

_YMMacKinnon_EBS Transport' NRCTE_040408.ppt

LA_v5.005_SM_009000_003_EBS_Act_Rel_Rev01.INB

T v irrelnd 1 LI t LR

Total Inventory

- Total EBS
Releases

— | —eee gy

®Te

e 137Cs
ZZGRa

2301y
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v, 237 Np

. WopT

239Pul

24DpuT

~ '.‘.'- - R 240

L L4 ol 1 TN AL 1 i \'.l- EENEY.

.« 241 AmT
242P uT

- 2u2p
— 243p T

par‘uﬁmzafésc‘iémy:a:owbeegfxemnn;mnauwacﬁué-wamuaiha‘.gem‘em o

10000 . 100000 1000000

Time (years)

Radionuclides that are modeled as non-sorbing with no
solubility limit are released rapidly following waste-form
degradation (e.g., 9Te, 129))

Sblhbility limits the dissolved concentration of actinides
in waste form domain '

| u, Np, Pu Am, and Th undergo reversible sorption on the

stationary-corrosion products:(also: separately on the
crushed tuffin invert). 2®Ra release is derived from decay
of-the parent radionuclides (°Th and 234U)

Opelnlrylg_ea_rea resulting.-from SCC from ground-motion
damage is greater than that from SCC from nominal
processes leading to larger dlffuswe area

— Patches are unlikely prior to 300,000 yea



EBS Release of 237NP"""

. NO_1M_00_30D_ ESNP237C.mview;NO_1M_00_300_ESNP237 _PRCC_HT. JNB
LA_v5.000_NGC_000300_000.gsm; NO_1M_00_300_ESNP237_PRCC_HT.JNB — 1

10B l“ L} L) 1) L] _I L L] Bl L) T L] L) T v T l . I i ' ' ’ B ' ' '
wﬁRelease-fr'on first 50: samples e woacazz |
£ (out of 300 samples) shown: T ' EPINPO2 i
& 10 _ e PHCSNS
] - GOESITED .
S Z = 108 e~ N R WDZOLID
2 " E P R e e ~
S ek ~ e 2 CORRATSS [~
] 1 e . D 000 ... ol Pl e e 4
3 g 10'-k === w
—_ = —
05 1004 ="— s J—
83 104 2 050} o e A .
E o
3 10° i
10— g —— e oo————o ol T .
10_Al R . 'I i I [ L
200000 400000 600000 800000 10000¢ 200000 400000 600000 800000 1000000
Time (years) Time (years)

Epistemically Uncertain \Zariiaibl‘es‘Wifth_Lasr est Pa:riti.falvRank Correlation Coefficients (PRCC

WDGCA22 : Temperature dependent:slope term of Alloy 22 general corrosion rate (Kelvin) :
EP1NPO2: Logarlthm 'of the scale factor used to characterlze uncertainty in NpO2 solubility at an
ionic: strength below 1 modal.

.PHCSNS: Pointer:variable: used to determine pH i in CSNF Cell 1 under vapor influx conditions

GOESITED: Den5|ty of: sorptlon sites on goethlte (sﬂeslnm"’)
WDZOLID: Deviation from-median yield strength range for outer lid (dimensionless)
" CORRATSS Stamless steel corrosmn rate: (umlyr)

_Depamnnnt ‘of Energy ﬂlea of: Civlllan iRadloactive Waste: llanagamem
LL_YMMacKinnon: EBS Transport:NRCTE._ 040408, ppt
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ansp odel computes the advectlve and diffusive
radIOHUCI;Ide mass flux through various components of the EBS

once the waste package is breached and waste form starts to
~degrade | ,

Provides timr ez-dependent radlonucllde mass flux from EBS to the
fracture and matrix nodes of the unsaturated zone (UZ) transport
model ,

Both dlssols‘sed and cellold-facmtated transport considered;
three classes of colloids modeled

A surface coir %p%l-.exatlon based competltlve sorptlon model is
implemented for radionuclide sorption on stationary corrosion
products and iron o ox-...f;hydromde colloids

- Summarized ke;ag aspects of EBS perfcrmance that determine
transport and release of radionuclides in the combined
- nominallearly failure demonstratlon medelmg case and seismic

ground motuon modeling case

,Depamnant ‘of! Enemy - emce ‘of Civillan lnadloacslvewam ‘Management -







Pres entation Outline

o Definiftio--n of sei‘s‘mic scenario class

e Key characterlstlcs and assumptlons of seismic
consequence models |

o EBS State 1 azbstractlons |n|t|aI conflguratmn

e EBS State 2 abstractions: after drlp shleld
framework. fallure |

o EBS State 3 abstractlons after drlp shield Iate
rupture |

e Seismic fault d|splacement abstractlon

e Other processes

o Example results

& Department of Energy - - Office of CIVIlIan Radioactive Waste Management , ' ' o www.ocrwm.doe.gov
¥ LL_YMSevougian_Seismic_NRGTE_040408.ppt’ o 2




Defmltlon of Selsmlc Scenarlo Class

e The seismic scenario class is defined as the set of
possuble rep05|tory futures that contam one or
‘more seismic events

o The seismic scenario class includes all FEPs that
are part of the nominal scenario class (all
“expected” FEPs) plus FEPs associated with
- seismicity |

» Two TSPA modeliing cases:
- —Seismic ground motion modeling case
— Seismic fault displacement modeling case

epartment of Energy » Office of Civilian Radloactlve Waste Management . ‘www.ocrwm.doe.gov

LL_YMSevuugian_Selsmic_NRCTE 040408 pp
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Defmltlon of Selsmlc Scenano Class

The annual exceedance
frequency (1) of seismic
events of varying
maghnitudes (PGV) Is
defined by the (mean)
bounded se|sm|c hazard
curve |

Not all events can cause
Engineered Barrier System

(EBS) damage; small PGVs

(i.e., more frequent, but
small events) are unlikely
to have a consequence

For most events of any
magnitude, damage to the
waste package (WP) is
generally in the form of very
small stress corrosion

- cracks. (resulting from

residual stresses caused by

plastlc deformatlon)

1.E-04 -

Annual Exceedance Frequency (1/yr)

(continued)

1.E-05

1.E-06 -

1.E-07

1.E-08

2 4 6
Horizontal PGV (m/s)

(s <]
-

 MDL-WIS-PA-000005, Figure 6.6-6

epartment: of Energy . Office of Civilian Radioactive Waste Management
tL YMSevouglan Selsmic_NRCTE_040408.ppt .

wiww.ocrnwm.doe.gov

© 00817DC_0183a.ai

4



Conceptual Model—Overview

e Source term—Ground motion
time history from a potentially
damaging seismic event S i

Stress corrosion

cracking on

® EBS co n se qu e n ce m 0 d e IS : : ) - Potential damage to- ;:vaste packages and ' . Awaste;pﬂ‘:kage

drip shields from spent nuclear fuel cladding
_from seismically induced rockfall, ground motion,
and fault displacement . {

— Rubble accumulation and
loading in drift

- D"p Shleld (DS) fraglllty B/ : ' Mobilization and
(static and dynamic s e ; . ) et
loading) | e -

— WP damage when DS sy e Ty grouniwater pumped
is intact: cracking or * ' | o
rupture

- WP dam‘age after DS’ha's
failed: cracking or puncture

— Nominal'WP and DS corrosion | | | Jrnsponictradonucies.
processes - - | |

Drawing Not To Scale
00817DC_-0100.ai

° Changes to thermal hydrology, | ; |
seepage, and transport - ~ MDL-WIS-PA-000005, Figure 6.6-4

Department of Energy + Office of Civilian Radioactive Waste- Management . www.ocrwm.doe.gov
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Characteristics of Seismic Consequence Models

Most of the followm'g presentatlon describes the seismic ground
motion abstractions (rather than the fault dlsplacement
abstraction) . ~

Seismic scenario class mcludes both nomlnal and seismic
degradation processes in the EBS

Nomlnal and seismic WP degradatlon processes are strongly
coupled through the thickness of the Alloy 22 outer barrier and the
state (intact or degraded) of the WP |nternal structures

'General corrosion patch and stress corrosion cracklng (SCC)

failures in the WPs occur due to nommal corrosron processes

Seismic DS damage in the form of framework buckling and plate
rupture is based on , | |

- — The thickness of the DS components, which is determlned by the
titanium general corrosion rate .

— The dynamic loading on the DS from rubble and wbratory ground
motion (i.e., as a functlon of the PGV level of the seismic event)

Départmen't"so'f Energy  Office of CiViljan Radioactive WasteMa’nageme’nt C ' R AAW.OCRM.d08.Gov
LL_YMSevougian_Seismic_NRCTE_040408.ppt ‘ : 6



Charactenstlcs of Seismic Consequence Models

(contlnued)

° Seismi;cdamage to. WPs depends on tne presence of the DS:

— For int’aet' DSs, SCC damage to the WP occurs through package-to-
pallet impacts (most important) and package-to-package impacts
(nearly negligible); there is a small chance of rupture damage

— For failed DSs (by general corrosion, ground motion, rubble
loading), crack damage to the WP occurs from stresses induced by

the surrounding rubble during strong greund motions; there is a
small probablllty of puncture of the WP by |nterna| fragments

o Effect of fault displacement failures (. < 2. 5x10-7 per yr) is
- expected to be small

o Cladding credit not taken in TSPA Model

— Claddlng would be completely damaged in long timeframes based
on 5|mple fraglllty models -

rtment.of Energy « Office of Civilian Radioactive Waste Management - ~www.ocrwm.doe:gov

_YMSevougian_Seismic_NRCTE_040408.ppt
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Model Assumptions

The initial mechanical condition (or strength) of EBS components
(WP or DS) for each event is a function only of spatially averaged
thickness (due to general corrosion th;inning'), i.e., previous seismic
damage does not affect the strength or conflguratlon of the EBS
components, W|th two exceptions :

— State of waste package internals: mtact or degraded

- WP rupture model when the DS is mtact iincipient or |mmed|ate ruptures

Total WP and DS damaged areas from multiple events is the sum of
the damaged areas from the mdwudual events

Total rubble accumulation from multlple events is the sum of the
‘rubble from the individual events :

No explicit spat|al variability i |n the TSPA model for damaged areas on
WPs and DSs from vibratory ground motion, except for that due to

- coupling with nominal processes (however, drift-scale variability is
incorporated in the underlying process-level damage abstractions)

www.ocrwm.doe.gov

epartment of Energy » Office of Civilian Radioactive Waste Management ,
L_YMSevouglan_Selsmic_NRCTE_040408.ppt . V ’ 8



Treatment of Uncertainty

\leatory uncertainty in the time of event, PGV of
the event (seismic hazard curve), ground motion
time history for a given event, occurrence and

~ extent of WP damage, occurrence of DS failure, and

" rockfall volume

e Epistemic uncertalnty in the frlctlon coefficients,
residual stress thresholds to initiate stress
corrosion cracking in Alloy 22, general corrosion
rates of AIon 22 and Ti Grade 7 and Ti Grade 29

. ) 5] F ix;
epa‘rtment of Energy « Office of Civilian Radioactive Waste Management o o ) www.ocrwm.doe.gov
2’ LL_YMSevougian_Seismic_ NRCTE_040408.ppt : . S



‘Conceptual Model for EBS Evolution

(b) After Drip Shield
Framework Failure

(c) After Drip Shield
Plate Failure

Fragility analysis for
buckling of DS
framework.
Additional WP damage
| may occur

[

Fragility analysis for
rupture of DS plates.
WP damage defined

by 2-D calcs for WP
surrounded by rubble

DS’:F_a..' ure -

“‘Department of Energy « Office of Civilian Radioactive Waste Management~
LL_YMSevougian_Seismic_NRCTE_040408.ppt
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EBS State 1SCC Damage: | (In'tac_t DS, Intact Internals)

o Codisposal WP probability of ~~ « CSNF WP probability of SCC
SCC damage for a 23-mm thick - @ damage for a 23-mm thick

(a)
¥ '
r 1.0 w091~
08 0.8-0.9 1.0
8 5 B0.7-0.8 0.9
m 0.8-1 g o m 0.6-0.7 -0.8 5
@ 0.6-0.8 06 Eo @ 0506 07 o
00.4-06 o 0405 06 2o
B 0.2-04 0.4 58 0.3-0.4 05 ;g g
I o 0.2-0.3
|@0-02 02 o m0.1-02 8g -88
e, o0 oo = o1
6"®%6 100 ¢ : oaq 407 /\r% 90 § 0.0
0 105 © ) . o 4. %, 100 4.07
0, 105 0.4 HA (\’ﬂ’s ® o(', 244
%% 4 oev- AT o 1.05 " (/S
% %"%é %4 pGV-
H ) . y @ ’ .
o COdflSsPOSaIVWP mean damage [DIRS 183478] Figure 6.6-10(a)
area for a 23-mm thick - ‘ | | |
A T -« CSNF WP mean damage
Tl & ioswvan | | .~ area for a 23-mm thick
uadratic Fit - 30% YS o )
‘,:\’ 4017 guédraticFi:-?gO%YYS : f - 0.00408 m2 at PGv=4-O7
<Q(A 30 . Quadraﬁcﬁt-105%YS _ R - mls and RST=90% Y.S.
§ ™ | T = 0.0 m?for all other dat
1.0 ] : e _ ' ir '
B — | | points
0.0 f e - . '
0 1 2 3 4 5
MDL-WIS-PA-000005, -
' POV -H1 (ms). ___ Figures 6.6-11 and 6.6-13 .

‘Department of Energy » Office of Civilian Radioactive Waste-Management ' www.ocrivm.doe.gov
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EBS State 1 ‘SCC Damage: (Intact DS, Deqraded,'I'n'terna-ls)

e Codisposal WP probability of =~ « CSNF WP probability of SCC
SCC damage for a 17-mm thick damage for.a 17-mm thick

o= ! .

1.0

W0.8-1 08 ‘5 ™ 0.8-1 08 5
_ C > E-O:_G-O.B . _'
©0.6-0.8 06 = g B 0.4-0.6 s =3
00.4-0.6 _'ﬁ_g ® 0204 o
w0204 04 8 B 0-0.2 04 J ‘c%
®0-0.2 ., 20 I <))
02 @ 02 o
e .0 ’ Y
):%@ .90 N e 4.07 0 )'% \ 90 00
% % 100§ T2 44 3.%, 10 5
0‘96%/ 1.05 P04 1.05 \.—\‘\ (m,s\ ' /&@O&Q ) y 1.05 2.44 , )
(o) . J- AT ai > 105 ¥ : S
% d),,& PG\I 00817DC_0257.ai 60/ (S} 04 PG\!’H‘\ (n’\ :
.5 : o % ' 00B17DC_0256.ai
e I .
. ) 9y o . .
o Codisposal WP mean damage -« CSNF WP mean damage area
area for a 17-mm thick | - for a 17-mm thick E
6.0. , — ' ) : ‘ !
4 90% YS.Data . @  90%RSTDals - »
5011 W 100% YS Data. ‘go{{ MW 100%RSTDam o y
& A 105% YS Data -~ A SairF-so% ReT | /
E 4ol Quadratic Fit~90%YS E 4 || —— ouadraticFi- 100% RST ! .
o Quadratic Fit~100% YS i o 7 ]| = QuadrticFit - 105% RST
A | —— Quadratic Fit - 105% Y5 pl AL - e
< 3.0 / < 30 — [N
fa) a ,
5 - F A s
c 20 / a & —
i I Q
2 3.//:/’53 :
S o ] 8
0.0 s ; g
0 1 2 3 4 5 0 1 2 3 4 5

PGV-H1 (m/s) PGV-H1 (m/s)

~ MDL-WIS-PA-000005, Figures 6.6-11 and 6.6-13

i
1

MDL-WIS-PA-000005, Figures 6.6-10 and 6.6-12 g
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EBS State 1: WP Ruptu re

_ ] _0_ D:\t:‘ ; Iri\aclzlen:‘ Rl:;r:;ure P | -
(Intact DS, Degraded Internals) iy ey y
& o:1é : /-®..
._-% 01 B CSN . / /
° Probablluty of |nC|p|ent and 2 oo | // »
immediate rupture - £ oo / 7
- incipient rupture requiresa i
- subsequent seismic event to e | o
cause damage | ° L oV-Hi (i) ) °
’ : (b) '
~ WP rupture allows advective 0.2 ——
releases | 18 1] _®_ Do iclnt
- . o 0-16j 1 ¢ Data - Rupture |
e Mean damage area is sampled 5 om _
uniformly g 0(: Codisposal Y &
— between 0 m? and the WP 2 oo // /.
cross-sectional area 2.78 or g oos ' e
3.28 m? YT ERU— . 3
" o 0.02 : S // 7 s
OZO 1 2 é 4 5

PGV-H1 (m/s)

MDL-WIS-PA-000005, Figure 6.6-14
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Conceptual Model for

(a) Initial Configuration

Kinematic analyses

and damage catalogs

EBS Evolution

(c) After Drip Shield
Plate Faiylure

define damaged areas
for a WP moving

freely beneath the DS.

WP SCC or rupture

may occur, degrading
internals

MDL-WIS-PA-000005, Figur"e 6.6-5

- Fragility analysis for

rupture of DS plates.
WP damage defined
‘by 2-D calcs for WP

-surrounded by rubble

Time

Department of Energy « Office of Civilian Radioactive Waste Management
LL_YMSevougian_Seismic_NRCTE_040408.ppt’ »
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EBS Evolution State 2: Rubble Accumulation

o . s 2R Weighted Probability
e Rubble from multlple. § " }F , " of Lithophysal
events is defined as the f  Rockfall
sum of the volumes from 5‘: /4\ | ~ MDL-WIS-PA-000003,
individual events until the £ / y=ramazss | Figure 6-52
drift is full 2o / |
| | 5 ,
e Volume of rubble that fills | {*—+#
the drift is an epistemic 1w / 2 1
parameter [U(30 120) U e
m3*/m] , - f '
e DS frag;_lﬁl%itéy abstractions o A 203007 18 02+ 40102] o
are based on lithophysal % i / Mean Rubble Volume in
rubble volume :gj 60 - | / ' the Lithophysal Zone
e Abstractions for - D N e
nonlithophysal rockfall . £ _ / o
are developed for use in g, AR
the seepage abstraction g g._/f'/

1 2
PGV-H1 (m/s) -

www.ocrwm.doe.gov
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| EBS Evol ut|o n State 2  Probability of DS Framework Failure

)
1.0 : :
Drip Shleld Framework Collapse £,.|=Fmem| @) 10% rubble sin
£ 06 | o= 2rmpis
« Failure of the DS framework E o
prevents kinematic motion of LT I N ol .

o

1 2 3 4 5

the waste packages (always - © PGV.HI (mis)

—
(=2
LN

occurs before plate failure) |
o ' : . . 9’ 1.’0, /Q—"M—mm Plate
¢ Response surface for the 300 =i —8— 1o Pl |
probability of DS framework 5081 Aby 50% rubble filF==" g
failure: | | L o
~ PGV levels of 0. 2,0.4,1 05, 2.44, and .“-%z“‘f |
4.07 m/s : | ~ PGV-HI (mfs)
— thickness reductions of 0, 5, 10, 13 O e
mm for plates and structural §?08 o GwmPas] . | A
“elements of framework £ 19 | s’ | 00, rubble fill
: 60 ~6— 2 mm Plate ¥/ /01 ;
— Static rubble loads for drifts that are £ 04 i
- 10%, 50%, and 100% filled with B / B S .
lithophysal rubble % ool 41;//2 ——V’; "1 I

K DS is still a barrier to seepage PGV-HI (mis)

7 Department of Energy * Office of CIVI|Ian Radloactwe Waste Management
LL_YMSevougian_Seismic_NRCTE_040408.ppt ! N . . 16
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—_—— f e

EBS State 2 SCC Damage: (Buckled DS, Degraded Internals)

« Codisposal WP probability of + CSNF WP probability of SCC
SCC damage for a 17-mm thick damage for a 17-mm thick

I
T 1.0 Y 1.0
W0.8-1 0.8 B = 0.8-1 0.8 "8
©0.6-0.8 : >0 ® 0.6-0.8
06 2o 0 0.4-06 06 =5
[@0.4-0.6 2.8 N 0.2-04 T B®
20.2-0.4 04 E 0-0.2 S E
o @ 04 A
|moo2 on &8 ‘ 20
_ < o o 02 o
)\'%0.90 0.0 »% 0 s . 0.0
d\ 6 . . . ) L .
501057 04 - 14 (mlS . % 1.05
% g&@ PG\I H ooa17n§_0257.a| _ | ; 60//(9105 0.4 e \I-\'\'\ (mlS\
%/ % . o % %m . _ 00817DC_0256.ai
_ , - e _
‘o Codisposal WP mean damage o CSNF WP mean damage area
area for.a 17-mm thick - for a 17-mm thick
6.0 ; T - 6.0 T T
¢ 90% YS Data s . * 90% RST Data
501{ ™ 1c0%YSpata so{| ™ 100%RSTDama DR —
< A 105% YSData : ' ‘ | A e e sowReT
\E, 4.0 {- Quadratic Fit - 90% YS NE a0l — Quadratic Fit - 100% RST |
o Quadratic Fit- 100% YS o = *O1| —— auadraiic Fi- 105% RST
2: 30 |- Quadratic Fit- 105%YS | | .~ 7 A
S v / ‘ & a0 -
5 20 e ! . =
e” / /\l ’ é o » § 2.0 {
o -~ S, ; = .E
= 1.0 / / 3 é . . . ) 1.0 4— - ‘:i‘
. 0.0 —léé/ - 8 ' 0.0  — i :
0 1 2 3 4 5 L : o 1 2 -3 4 5
PGV-H1 (m/s) : PGV-H1 (m/s)

MDL-WIS-PA-000005, Figures 6.6-11 and 6.6-13

* MDL-WIS-PA-000005, Figures 6.6-10 and 6.6-12
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Conceptual Model for EBS Evolution

(a) Initial Configuration

Kinematic analyses

internals

m,
52011 | gum
AN
i
N

(b) After Drip Shield
Framework Failure |

and damage catalogs Fragility analysis for
define damaged areas buckling of DS
for a WP moving framework. .
freely:beneath the DS. Additional WP damage
WP SCC or rupture “may occur

may occur, degrading

~ MDL-WIS-PA-000005, Figure 6.6-5

DS Failure

‘Department of Energy » Office of Civilian Radioactive Waste Management .
LL_YMSevougian_Seismic_NRCTE_040408.ppt
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‘Probability of DS Plate R-upture

EBS State 3: = %

Drip Shield Plate Ru pture i° ES o] o rabble il
+ Failure of the DS pIate results in -0
' 0.0 —E-w——ﬂs— | e *“"”“"ﬁ-

complete failure as a barner to

° k PGV-H1 (m:;'s) ) ’
| flow - o ® |
o Response surface for N = A
probability of DS plate failure: ’ £ o0 {B) 50/ ubble f..!/ ’
— PGV levels of 0.2, 0.4, 1.05, 244 ;
and 4.07 m/s | >
— plate thicknesses of 2 mm, 5mm | PEV-HA () |
10 mm, and 15mm | | @ o I
f e T
— static rubble loads for drifts that. ER [t N D s P
area 10%, 50%, and 100% filled = o faoperubble il
with lithophysal rubble R e
: . ’ E 021 // /‘ﬁx //t """" §
 \ | - | S o PGV-HI (mis)

MDL-WIS-PA-000005, Figure 6.6-8
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EBS State 3: WP Crack Damage
Fa-iled- DS, Degraded Internals

R 0.4-0.5 »
| ® 0.3-0.4 = 0.5
g . : 20.2-0.3
» Probability of SCC damage for |40.,.] 04 o

a 17-mm thick CSNF WP @001 - 03 &5
surrounded by rubble (same . g

. . ' Pwm
abstraction is used for the 3 s
CDSP WP) A% 9

- %%’%100 '
%9 9% i @l®)
29, 04 paN-T T |
_O'/‘ ) 00817DC_0261.ai
- 4
o Mean damage area for a 17- - _ A y=o.005394sx2-1.7755048x+94.o1.1e400]
mm thick CSNF (or CDSP) WP E
surrounded by rubble under a 3
. 0 4
failed DS at 4.07 m/s 5 \\
- [Abstraction also used for CSNF (or CDSP) WP , 80 % 100 110 120

with intact internals under a buckled DS] | Percent of Yield Strength (%)
: ' MDL-WIS-PA-000005, Figures 6.6-15(b) and 6.6-16(b)

partment of Energy « Office of Civilian Radioactive Waste Management vimw.ocrwm.doe.gov

LL_YMSevougian_Seismic_NRCTE_040408.ppt . ( ) R . 20



EBS State 3: WP Puncture
(Failed DS, Degraded Internals)

o Probability of puncture 022

for a CSNF WP 0.2 ’ ' . Puncture\for 1:7-an OCB t
1. ‘o 018 & . Data-17-mm OCB_ /
surrounded by rubble & U1 | U 0| /
under a fa“ed DS Dcsi o1 ; 0 Data-23-.mm0CB //
, o E 0.12 1
e Same abstractionused £ | p 4
fora CDSP WP - f | /

e Damage area given by' 0.08 ‘ pd o

a uniform distribution 002 - - |
U(O, 0.1 m2) . °% o — —2’« 3 4. 5

PGV-H1 (m/s)

008170C_0263.ai

MDL-WIS-PA 000005, Figure 6.6-17
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- Summary of WP Damage States

e There are elght possible WP damage states and
assecuated abstractlons |

. No damage ‘

SCC of WP under an intact DS with WP mternals intact
SCC of WP under an intact DS with WP }mternals degraded
WP rupture under an intact DS with WP internals degraded
SCC of WP under a buckled DS with internals intact

SCC of WP under a buckled DS with mternals degraded
SCC of WP under a failed DS |

8. WP puncture under a failed DS

."P’S"P.“!\"'*

e Consequences are based on the magnltude of the event
- (PGV), the residual stress threshold (RST) for Alloy 22,
and the Alloy 22 thickness for the eight modeled states .
of the system at the time of the event

&/ Department of Energy » Office of Civilian Radioactive Waste- Management - b www.ocrwm.doe.gov
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Fault Displacement Abstraction

The conceptual modfel:was developed tjsing displacement data from
known and hypothetical (generic) faults
The f‘ault-displacement damage abstraction is based on a

comparison of clearances between potentlally displaced EBS
components

— Independent of component th|cknesses (nominal corrosion processes
not included)

Expected number of WPs that could fall from fault displacement is
small (the number of WPs lying on known or generic, faults is about
214)

Damaged area on the WP is determmed by sampling a unlform
distribution with a lower bound of 0 m2 and an upper bound equal to
the WP cross sectional area |

— The same damaged area applies to all faiéle’d WPs o
- — The resulting damage allows advective flow and _transport
— The associated drip shield is taken to be 100% damaged

Departrrient of Energy « Office of Civilian Radioactive Waste Management ' o www.ocrwm.doe.gov
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Other Processes

. Seepage
— Seepage flux flux is mterpolated between the mtact-drlft seepage flux and
“the fully collapsed seepage flux as a functlon of rubble accumulation
in lithophysal zones '
— Collapsed-drift seepage fractions are used for the entire simulation

but different seepage fractions are appllcable for the first 10, 000 years
versus the post-10,000-year period

— Separate calculations of rubble (rockfall) accumulatlon for Ilthophysal
and nonlithophysal zones |

* EBS Environment

— WP temperature and WP relative humldlty are changed after the drift
fills with rubble (small effect because rubble accumulation is slow)

° EIS Flow and Transport

— The WP damage area fraction (sum of seismic damage and corrosion
damage) is an input to the diffusive transport and the water flux
calculations of the EBS Transport submodel

www.ocrwm.doe.gov
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Exampflei Resu Its

e Lithophysal Rubble Accumulation
o Drip Shield Plate Failure |
'« Waste Package Breach Fractions
— Seismic and nominal processes |
— Seismic _processés alone -
» Waste Package Damage Area

— Crack and patch damage by both seismic and homi;nal
processes \ B

— Damage area on.a per failed WP basis (failed by cracks or
general corrosion patches or both)

www.ocrwm.doe.gov
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Lithophysal Rubble Accumu/lation

' LA_v5.005,_SM_009000_011.gsm
-v5.005_StandAlone:_Frac_Rubble_Vol Accum_Lith_Rev00.JNB
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" Probability of Drip Shield Plate Failure

~ Seismic Ground Motion
(includes general corrosion)

Probability of Drip Shield Failure

1.0

0.8

0.6

0.4

0.2

0.0

General Corrosion

LA_v5.005_NC_000300_003.gsm;

T

v5.005_StandAlone_ WAPDEG_DS_Fail_Frac_Rev01.JNB

T T T T T T T T T

T

—

LI A e |

/ |

200,000

‘© " 008170C_0887aai

& F
o
S L

250,000 300,000 350.000
Time (years)

[=}
o

Key Points:

DS failure under nominal conditions by
general corrosion (GC) of Titanium Grade 7
plate

Failure times from about 270,000 to 340,006
yrs . -

LL_YMSevougian_Seismic_NRCTE_040408.ppt

Probability (time <=T)
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LA v5.005_SM_009000_003.gsm;

v5,005_StandAlone_ WAPDEG_.COF_DS_Fail_Time_Rev00.JNB
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DS failure under éeismic conditions by
rubble accumulation and plate thinning by
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Expected Fractlon of Breached Waste Packages

o By seismic processes only - . By seismic processes only
(d) LA_v5.005_SM_009000_011.gam; (b) LA _v5.005_SM_005000_011., gim
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MDL-WIS-PA-000005, Figure 8.3-8(c and d)[a] _ ' MDL-WIS-PA-OOOOOS, Figure 8.3-8(a and b)[a]
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Breached WP Surface Area:

LA v5.005_SM_005000_011.gsm;
LA_v5.005_SM_008000_011_Avg_Dam_Cale.gsm;

(nominal and seismic processes)

LA_v5.005_SM_008000_011.gsm;
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' Summary

e Detailed damage analyses developed for degraded
states of the EBS components

— Intact DS analyses
_ Failed DS analyses

o Conservatism removed from the upper end of the
- seismic hazard curve / |

o Seismic consequence abstractlons for CSNF/TAD
- package and codisposal package, including kinematic
analyses, damage catalogs and analyses for WP
surrounded by rubble |

o Multi-realization TSPA results reflect the varying

probabilities and damage areas of the underlying
abstractlons - w
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TSPA-LA Model Components for the
Volcanic Eruption Modelina Case

* Waste Entrainmént
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VOLCANIC ERUPTION
MODELING CASE
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Figure 6.5-7
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Distribution of Basaltic Rocks in the
‘Yucca Mountain Region
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MDL-WIS-PA-000005 Rev 00
Figure 6.5-1
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Annual Frequency of Intersectlon by Dike
- Probabilistic Volcanic Hazard Analysis
- Expert Interpretatlons (1996)
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Volcanic Interaction with
- Repository Submodel

. Yucca Mountain Crest

- ' 00817DC_0014b.aEi
MDL-WIS-PA-000005 Rev 00 : ;
Figure 6.5-10

Probability of Conduit'lntersecting Repository’Footpr:int =0.28
Probability of Intersecting Conduit Contacting Waste 0.30

Mean Probability of Condauit Intersecting Waste - =(1.7x1 0"3)'x (0.28) x (0.30)
o | | - - =1.4x10° per year
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Volcamc Interactlon

RepOSItory Submodel

~ NotTo: Scale
" “For Hustration Only
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~ inMagenta

Waste Packages

S o / . . D0284DC_LA_123400i
4.// / ) ‘ Igneous Dike

ANL-MGR-GS-000003 Rev 03 Figure 5-1

See output files / .
relsvant {:]

ANL-MGR-GS-000003 Rev 03 Figure 6-8
: = 08

“Number of dikes in a swarm: 1-5 (P of 1 = 0.40) 06
Dike width: normal, mean 8 m, 95t 12 m
Dike spacing: uniform, 0.5-1500 m
Number of conduits: 1-3 (P of 1 = 0.85)
Conduit diameter: normal, mean 15 m, 95 21 m

Probability
o
E-S

MDL-WIS-PA-000005
Rev 00 Figure 6.5-11

o
[

ANL-MGR-GS-000003 Rev 03 Table 4-1

0.0 - " |
0 2 j 4 ] 8
Number of Waste Packages Hit (Igneous Eruption)
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Potentially
Contaminated
Air

South

MDL-WIS-PA-000005 Rev 00
Figure 6.5-12
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Atmospheric Transport of Contaminated
Tephra Submodel - Key Parameters

1

1

Uncertainty

TSPA Parameter Parameter Description _  Type - - Value(s)
c Constant relating eddy diffusivity and particle ' Fixed value ' " 400
: -fall time (cm?/s%2) S :
Erupt Power . Eruptive power (W) . Aleatory " 1.0%10° — 1.0 x 102 (log uniform)
_Erupt Velocity Initial Rise Velocity (cm/s) - Aleatory E 1.0 — 1.0 x-104 (uniform)
Beta Dist Column diffusion constant Epistemic. 0.01 - 0.5 (uniform) -
Dash Mean Mean ash particle diameter (cm) _ I Epistemic _ 0.001 — 0.01 — 0.1 (log Tri.)
Dash sigma ' Ash particle diameter standard deviation (log Epistemic s 0.301 — 0.903 (uniform)
D_min Minimum waste particle diameter (cm) ' Fixed value .. 0.0001
D_mode  Mode of waste particle diameter (cm) . | ‘ Fixed value » 0.0013
D_max Maximum waste particle diameter (cm) E'Fixed value , : 0.2
Rhocut ' Waste incorporation ratio | ‘ Fixed value 0.0
Erupt Time Eruption duration '(seconds) . Aleatory DTN: LA0702PADEO3GK.002
Wind Direction . Wind direction (degrees) J Aleatory ' ' DTN: MO0408SPADRWSD.002
Wind Speed ’ ' Wind speed (cm/s) " Aleatory - DTN: MO0408SPADRWSD.002
Magma Partitioning Fractional multiplier on waste mass to account 1 Aleatory 0.1 — 0.5 (uniform)
- for waste-containing magma erupted in scoria |
. cone and lava flows ; MDL-WIS-PA-000005 Rev 00

Table 6'5'4 - )
Department of’Enry . Oce of Civlian Radioacive Waste Maagement . ‘ ' ﬂWW_W-o'chm-doe'-goV
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Tephra Redlstrlbutlon Submode
(FAR - Fortymile Wash Ash Redlstrlbutlon)

535000 540000 545000 '550000 555000 560000 565000 570000 575000 580000

Two Model Domains
1) Drainage Basin

_  Mobilization from hill
slopes

— Channel transport —
mixing/dilution
2) Alluvial Fan (RMEI
location)
— Diffusion into soil
column
Channel and Divides

'MDL:WIS-PA-000005 Rev 00
. Figure 6.5-13
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ASHPLUME results calculated for a

hypothetical vent located at YM and

superimposed on FAR domain
(Example shown with wind to east)
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MDL-MGR-GS-000006 Rev-00 Figure 6.3.3-2
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Tephra Redlstrlbutlon Submodel |
Vertical Transport of Radlonuclldes in Soil

Surface transport of contaminated tephra Calz,50/(Caodw)
assumed to be instantaneous | 00-0 0.1 02 03 0.4
.r! / ) ’l
~ Subsequent vertical migration in soil | Dy 7 o
~estimated assuming bulk transport from all | 2. —
processes can be represented by diffusion 3 , A
(Fick’s Law) AT
5 | D
A 2y ::" 64l d base
e =Da f("”) 220, 120 g / D,
ot 6z nl 8 _ max
Rate of transport depends on effective - ?10
diffusivity and layer thickness |
12

Effective diffusivity constants are uncertain
parameters based on field measurements of |
137Cs ) 5

Validated by comparison to data from
Chernobyl and Harwell

partment of Energy » Office of Civilian Radioactive Waste-Management
_LL_YMSWiftSlatham_NRCTE_O40408.ppt )

Example calculation: normalized

concentration versus depth for a divide
sample point 50 years after deposition
MDL-MGR-GS-OOOOOG Rev 00 'Figure 7.1.3-3
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Tephra Red|str|but|on Submodel
Key Parameters

Department of Energy » Office of Civilian Radloactlve Waste Management
LL_YMSwiftStatham_NRCTE_040408.ppt

TSPA Parameter " Distribution Uncertainty . )
Name Parameter Description type ’ Type Value (s}
. Criical gradientfor tephra y Epistemic oy
Critical_Slope_a mobilization from hilslopes Liniform 0;21 0.47
Average drainage density for Epistemic '
Drainsge,_Density_a | the Fortymile Wash drainage Unifosm . 20— 33 km™*
basin . )
Seour depth in Forfymile Wash s Epistemic z
Scour_Depth_a at the fan apex Uniform 7‘3 ~122em
RMEL_Aren Area of the Fortymile VWash fan Canstant fixed vahue l 33km’
| Fraction, , of the Fortymile Epistemic :
Fraction_Chanrnel_a Wagh fan subject to fluvial Uniform : 0.09--0.54
’ activily I
Depth of panmeable soil on C fixed value Lo MDL-WIS-PA-000005 Rev 00 °
L._Channels_a channets, L, of the Fortymﬂe . Constant ) 204 cm Table 6.5-5
Wash fan (RME! locstion) ‘ ' ’
: . Depth of permeable soil an Epitemic '
L_Divides & divides, L,. of the Fortymile Uniform 102 - 140 cm
Wash fan (RME! locafion) '
Diffusivity of waste in Epistemic
D_Channels_a channels, D, of the Fortymile Uniform 0 935 x - 0-266
\Wash fan (RME! location) cmifyr
Diffusivity of waste in divides, ' Epistemic o ﬂﬂ1 D BQ"
D_Divides_a Dy, of the Fortymile Wash fan Uniform ) | ;Iy} -
(RME! location) » tm ,
_Epistemic 3001 /500 kghm®
T ted mean 1 Z,BDD
Ash_Density_a Tephra setiled density o  kgfm
. ‘ std! dev. = 100
kg
b._Titage Tilage depth Uniform : Epiztemic 0.05—030m

viww.ocrwm.doe.gov

12



Biosphére Submodel for the
Volcanic Eruption Modeling Case

i = : & =
5 V' 5 ;

Ingestion
Submodel Biosphere Dose Conversion
Factors (BDCFs) for Volcanic

Eruption Case
Ihgestion 'pathway

External exposure
pathway

Inhalation pathway 7
Accounts for high air
| mass loading following
Inhalati . H -
submo';; L - 5 vevruptlor} and Ignge:r-
- term soil stabilization

MDL-WIS-PA-000005 Rev 00
Figure 6.3-11-6
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