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‘Background

e In March 2005, U.S. Department of Energy (DOE) learned of
emails written by a small number of U.S. Geological Survey
(USGS) employees suggesting that some technical products
related to the infiltration model and analysis reports prepared
by those USGS employees may not have been fully compliant
with the Project quality assurance requirements

e DOE conducted a technical evaluation of USGS infiltration
rate estimates and found that the estimates are consistent
with independent studies of infiltration and recharge in

“southwestern U.S. and Nevada and therefore support the 2001
Site Recommendation (OCRWM 2006. Evaluation of Technical
Impact on the Yucca Mountain Project Technical Bases
Resulting from Issues Raised by Emails of Former Project
Participants, DOE/RW-0583)

o DOE in 2005 dlrected Bechtel SAIC Company and Sandla
National Laboratories to develop a new infiltration model in
support of the Total System Performance Assessment for
License Application
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New Infiltration Model for the
License Application

e The new infiItratioh modelihg effort included the
development of the MASSIF model and an evaluation/
qualification of all direct inputs

e The new infiltration model follows U.S. Nu’clearr Regulatory

Commission guidance in the Yucca Mountain Review Plan
(NUREG-1804, REV 02) to ensure that

—  “The effects of ... time-varying boundary co_nditions ... are considered,
such that net infiltration is not underestimated” (Section 2.2.1.3.5.3:
Acceptance Criterion 2(3))

— ‘“Models use parameter values ... that ai'e téchnically defensible,'
reasonably account for uncertainties and variabilities, and do not resulit

in an under-representation of the risk estimate” (Section 2.2.1.3.5.3:
Acceptance Criterion 3(1))

— “... the treatment of conceptual model uncertainty does not result
in an under-representation of the risk estimate” (Section 2.2.1.3.5.3:
Acceptance Criterion 4(3))
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New Infiltration Model for the
License Appllcatlon (Continuec)

The results of the new infiltration model are
documented in Simulation of Net Infiltration for
Present-Day and Potential Future Climates
(MDL-NBS-HS-000023 REV 01 and REV 01 ADO0O1)
and nine technical reports for supporting input
parameters

The new infiltration rates obtained from the model
are incorporated into an update to the site-scale
unsaturated zone flow model for use in the
TSPA-LA, as documented in UZ Flow Models and
Submodels MDL-NBS-HS-000006 REV 03, REV 03
AD 01, and REV 03 ACN 01)
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List of Key Infiltration-Related Technical
Products Since Site Recommendation

e SNL 2007. Simulation of Net Infiltration for

~ Present-Day and Potential Future Climates,
MDL-NBS-HS-000023 REV 01 (SNL 2008
REV 01 AD 01)

e SNL 2007. UZ Flow Models and Submodels,
~ MDL-NBS-HS-000006 REV 03 (SNL 2007.
REV 03 AD 01; SNL 2008. REV 03 ACN 01)

e SNL 2008. Total System Performance
- Assessment Model/Analysis for the License
Application, MDL-WIS-PA-000005 REV 00 and
REV 00 AD 01
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~ List of Nine Technical Products
Supportmg the New Inflltratlon Model

o BSC 2005. Data Quallflcat:on Report: Data Qualification Report for Digital Surficial Depos:ts
Mapping File for Use on the Yucca Mountain Project, TDR-NBS-GS-000029 REV 00

e BSC 2006. Data Qualification Report Ground Cover and Geographic Coordinate Data from
Ecological Study Plots at Yucca Mountain, Nevada, TDR-NBS-HS-000030 REV 00

° '_BSC 2006. Technical Evaluation and Review of Results, Technical Procedures, and Methods
Related to the Collection of Moisture Monitoring Data Using Neutron Probes in Shallow Boreholes,
TDR-NBS-HS-000019 REV 00

° BSC 2006. Data Qualification Report for the Qualification of Air Temperature Data from
Meteorological Data Acquisition Station 24 for 1989 through 2004, TDR-MGR-MD-000050 REV 00

e  BSC 2006. Data Qualification Report for the Qualification of Yucca Mountain Precipitation Data
- for 1988 - 1992, TDR-MGR-MD-000051 REV 00 ‘

o BSC 2006. Data Analysis for Infiltration Modeling: Bedrock Saturated Hydraulic Conductivity
Calculation, ANL-NBS-HS-000054 REV 00 and REV 00 ACN 01

o BSC 2006. Data Analysis for Infiltration Modeling: Technical Evaluation of Previous Soil Depth
Estimation Methods and Development of Alternate Parameter Values, ANL-NBS-HS-000077 REV 01

o BSC 2006. Data Analysis for Infiltration Modeling: Development of Soil Units and Associated
Hydraulic Parameter Values, ANL-NBS-HS-000055 REV 00 (SNL 2006. REV 00 ACN 01; SNL 2007.
REV 00 ACN 02)

o BSC 2006 Data AnaIys:s for Infiltration Modeling: Extracted Weather Station Data Used to
Represent Present-Day and Potential Future Climate Conditions in the Vicinity of Yucca Mountam
ANL-MGR-MD-000015 REV 00 (SNL 2007. REV 00 ACN 01)
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" Independent Evaluations of the
New Infiltration Model

e | March 14, 2007: NWTRB, Panel on Postclosure Performance
Meeting on Infiltration

e June 4-18, 2007: DOE OCRWM Offlce of Quality Assurance Audlt
OQA-SNL-07-06 of the Infiltration Model Report

o September 28, 2007: Daniel B. Stephens & Associates, Inc.,
‘Summary of Findings of Daniel B. Stephens Upon Review of
the Report Simulation of Net Infiltration for Present-Day and
Potential Future Climates Prepared by Sandia Natlonal
Laboratories, May 2007

e December 2007: NWTRB, Technlcal Evaluation of U S. Department
of Energy Yucca Mountain Infiltration Estimates

o December 21, 2007: NRC, U.S. Nuclear Regulatory Commission
- Observation Audit Report OAR-07-03, Observation Audit of the
U.S. Department of Energy, Office of Civilian Radioactive Waste
Management, Office of Quality Assurance Audit OQA-SNL-07-06,
of the Infiltration Model Report
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System Performance Assessment Results
Totai Mean and Median Annual

et

LA_v5.005_ED_003000_001.gsm; LA_v5.005_EW_006000_001.gsm;
LA_v5.005_1G_003000_001.gsm; LA_vS5.005_SF_010800_001.gsm;
LA_v5.005_SM_009000_001.gsm; vE1.004_GS_9.60.100_10Kyr_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_SF_010800_000.gsm:
LA_v5.005_SM_009000_003.gsm; vE1.004_GS_9.60.100_1Myr_ET[event time].gsm:

1 03 LA_v5.005_10kyr_Total_Dose_Calcs_Rev01.gsm; LA_v5.005_10Kyr_Total_Dose_Rev01.JNB 1 03 LA_v5.005_1tMyr_Total_Dose_Calcs_Rev00.gsm; LA_v5.005_1Myr_Total_Dose_Rev00.JNB
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MDL-WIS-PA-000005 REV 00 AD 01, Figure 8.1-1[a] and Figure 8.1-2[a]
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TSPA Results: OdémgCaseg Contributin
o Total MeanAnnua Jose

A_v5.005_ED_003000_001.gsm; LA_v5.005_EW_006000_001.gsm: ¢ LA_v5.005_ED_003000_000.gsm; LA_vs.oos_Ew_ooéooo_ooo,gsm;
LA_v5.005_IG_003000_001.gsm: LA_v5.005_SM_008000_001.gsm; LA_v5.005_IG_003000_000.gsm; LA_v5.005_SM_009000_003.gsm:
(a) - LA_v5.005_SF_010800_001.gsm; vE1.004_GS_9.60.100_10Kyr_ET]event time].gsm; (b) LA_v5.005_SF_010800_000.gsm; vE1.004_GS_9.60.100_1Myr_ET[event time].gsm;
103 LA_v5.005_10Kyr_Total_Dase_Mean_Contributions_Rev00.JNB 103 LA_v5.005_1Myr_Total_Dose_Mean_Contributions_RevD0.JNS
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Future CI

Present-Day Climate

Yucca Motntain:
_ Regional Meteorological Stations

Monsoon Climate

Lower-bound analogue: Yucca Mountain
Upper-bound analogue: Nogales, AZ

" Higher precipitation and temperature
*  than present-day climate

Glacial-Transition Climate

Lower-bound analogue: Delta, UT
Upper-bound analogue: Spokane, WA
=57 Higher precipitation and lower

= f‘température than present-day climate

.,_‘

00817DC_0113.ai

MDL-WIS-PA-000005 REV 00 Figure 6.3.1-3
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Analysis outputs used in
downstream models

lnfiltratidn model: precipitation
and temperature

TSPA: climate state durations

— 0-600 years: preSent day climate

—600-2000 years: monsoon
climate

—2000-10,000 years: glacial
transition climate

—After 10,000 years: proposed
regulatory specification of
constant climate characterized by
uncertain percolation flux
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Model Inputs
| , Described in MDL-NBS-HS-000023
Crest - REV 01 AD 01 and later presentation

« Higher precipitation
* Thinner soil "
- Fractured bedrock 5%
* More infiltration

Washes/Alluvium

v + Lower precipitation Model outputs

YEvaporatibn k :Eglggg gg?ﬂrock ‘ Uncertainty characterized by 40
- " Less infltration infiltration maps for each climate

state -

10th, 30th, 50t and 90 percentile

maps provided to Unsaturated Zone

(UZ) flow model for each climate

state (12 maps)

Weighting for TSPA established
‘consistent with data from UZ (MDL-
NBS-HS-000006 REV 03 and later
presentation)

Uncertainty propagated into TSPA
Sampled pointer variable used to
select infiltration map
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iitration

° Infiltration maps were Present. Glacial-
generated independent fitrati Cll‘)ayt I\I(l:ﬁ'nsoton TrCalpsititon P(;st-mk Probabli:lity;Weighting
. § nnitration imate imate imate ears actors
Of fleld data from deep Case (mml/yr) (mmiyr) (mml/yr) (mmlyr)? (All Climate States)
unsaturated zone ot
. 3.03 6.74 11.03 16.89 0.6191
N . Percentile
e Chloride content and o
~ temperature at depth Percenile 796 | 1289 2045 ) 2899 e
provide |nf<_)rn_1at|o_n S0th 1228 | 15.37 25.99 34.67 0.1645
about past infiltration Percentle | ' ' ' '
and percolation flux 90th 26.78 73.26 46.68 48.84 0.0596
‘ Percentile
o Generalized Likelihood Sources: SNL 2007 [DIRS 184614], Tables 6.1-2, 6.1-3, and LBO701PAWFINFM.001_RO

Uncertainty Estimation  [DIRS 179283],

a Ngte that for the Post 10,000 Years data the Infiltration cases differ and represent scaled versions
(G LU E) methOd Used tO of the present-day 90th percentile, the 50th percentile Glacial Transition, the 90th percentile glacial

estainSh inf“tration transition, and the 90th percentile monsoon maps, respectively.

map weights

consistent with data Net Infiltration Rates Averaged over the Unsaturated Zone
from depth ' Model Domain and Probability-Weighting Factors for the

Infiltration Scenarios

- See MDL-NBS-HS- :
000006 REV 003 Source: MDL-WIS-PA-00005 REV 00 Table 6.3.1-2.
Section 6.8 and later
presentation
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o Proposed 10 CFR Part 63.342(c)(2):

— “The constant value to be used to represent climate change
is to be based on a log-uniform probability distribution for
deep percolation rates from 13 to 64 mm/yr” (70 FR 53320)

— l.e., constant, but uncertain, deep percolation flux with a
specufled spatlal average over the rep03|tory footprmt

¢+ Log-uniform, 13-64 mmlyr

e Project approach (MDL-NBS-HS-000006 REV 03, Section
6.1.4)

— Spatially averaged flux at rep03|tory horizon t 3% of spatially
averaged infiltration

— Repository footprint average infiltration for 12 maps
(10th, 30th, 50t, and 90" percentiles for 3 climate states)
provides basis for fitting specified log-uniform distribution

B R O N IS R S RS e A B 5 e e A T s LTSRS R R N T R S ST R IR R el - I - P2 \A i
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limate after 10,

Uncertainty | )0 Years

° Project approach to post- Post 10-K Percolation Flux Distribution
10 kyr uncertainty in & | |
" 2 1
climate = e Pl
: s " 7 .
. L J
_ Calculate rep03|tory- 5_9 06 S . guoxmputed percolation
footprl.nt_aver.age infiltration 2 04 ) / Treoretica g
for 12 infiltration maps = 0o /0 uniform distribution
3
. E
Identify “target values” on 3 oo / ‘ | ‘
proposed NRC distribution 1 12 14 18 18 2
that co_rrespond_to . ‘ Log (Pgrcolation Flux (mm/yr))
midpoints of weighting : L
factors used for pre-10 kyr
infiltration .
. Average Infil of Selected Map
. Over UZ Model Domain Target Average Infil within Repository Footprint
Scale maps WIth closest Average Mid-point Cumulative
average infiltration values to Percentile | (mmiyr) Scenario Rate (mmiyr) Probability
match targets 10 | 1689  |present-day 21.29 ' 0.3096
_ 90th percentile
H 30 28.99 lacial transition 38.52 0.6975
Calculate corresponding UZ St pereonts
flow fields for each of four 50 3467 |glacial transition  |51.05 0.8582
post-10 kyr maps 90th percentile ,
) 90 48.84  imonsoon S0th 51.03 0.9702
Use in TSPA with same percentiles :
weighting factors used in
pre-10 kyr analyses Source: MDL-NBS-HS-000006 REV 03, Table 6.1-3 and Figure 6.1-6
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TSPA Sensitivity Analysis Results
10,000-year Total Meanh Annual Dose

TSPA Regressioh Analyses:

— Uncertain parameters contributing

(a) significantly to epistemic
3,000 Years 5,000 Years 10,000 Years uncertainty in mean annual dose
Step? Variable? Variable R2 SRRC | Variable ) ’
1 SCCTHRP SCCTHRP i - . 69" 3 .
2 IGRATE ) IGRATE 0.7 ):735:5570.22% v
3 | SZGWSPDM- =0, "SZGWSPDM . -07: v_ w01 Fortotal dose at 10,000 years,
4 INFIL - MICTCS99 . 299 T - . pu .
5| micTces TMICC14 - 7078 significant uncertain parameters are
6 SZFISPVO" JANEI a0 .
7 MIcCia T'DSNFMASS - —-Stress corrosion crack threshold
8 DSNFMASS - =1 SZFISPVO .- -
9 UZFAGS . “1-UZFAGS oo 0L : Q.
10 UZGAM™ = EFUZGAM T UZKDSRDT-. " 0:82 - ih 1 i H
19z IO D Probability of igneous intrusion
12 WFDEGEXF . - 4 -WDCRCDEN -~
13 KDUSMEC |/ WDZOLID-. .~ 0. ~ ‘ : .
14| MICPA231- " WDGCUAZ2 0. —Saturated zone groundwater
15 - ~|-BCKRA226 .- 0.

a: Stepsin stepwxse (ank regressron ana\ysrs ) SpeCIfIC d|SCharge
b: Variables listed in order of selection in stepwise regression s )

c: Cumulative R value with entry of each variable into regression medel

d: Standardized rank regression coefficients (SRRCs) in final regression model

—Infiltration map uncertainty

MDL WIS-PA-000005 REV 00 AD 01, Fi . K8.1-2 appears as a minor contributor at
T . , Figure K8.1-2[aj(a). early time only, when transport time
‘Stepwise Rank Regression Analyses for Total Mean Expected ) L o,

“Annual Dose for 10,000 Years after Closure ° : i uncertainty is significant

¥
L )
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TSPA Sensitivity Analysis Resul
1,000,000-year Total Mean Annual [

TSPA Regression Analyses:

- : —Uncertain parameters
EXPDOSE: 50,000 Years [EXPDOSE: 200,000 Years [EXPDOSE: 500,000 Years . . . . .

Stepa Variableb R2¢ SRRCH | Variable * ~ R2 Variable R2 contrlbUtlng SIQnIflcantly to

1 [ SCCTHRP -~ 0. 48" | IGRATE. 2770 c C epistemic uncertainty in mean

2 IGRATE .| SZGWSPDM:

3 | SZGWSPDM. TePt ' annual dose

4 EPTLOWPU .. _

5 MICNP237

6 B P

AT For total dose at 500,000 years,
YT significant uncertain parameters
5 — are |

i —Probability of igneous intrusion
14 s

16 oo - o] SEEPCOND - —Alloy 22 general corrosion

temperature dependency

MDL-WIS-PA-000005 REV 00 AD 01, Figure K8.2-2[a](a). —Saturated zone groundwater
Stepwise Rank Regression Analyses for Total Mean . specific discharge

Expected Annual Dose for 1,000,000 Years after Closure

—Infiltration map uncertainty is
not significant

Department of Energy » Office of Civilian Radioactive Waste Management www.ocrwm.doe.gov
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'Inflltratlon mcorporated in TSPA through UZ flow
model |

Uncertainty in infiltration incorporated in TSPA
through sampling on infiltration maps

~ Pre-10,000 years, weighting calibrated to uz
chloride and temperature data using Generalized
Likelihood Uncertalnty Estlmatlon |

— Post-10,000 years uncertalnty treatment is
prescribed by proposed rule

Uncertainty associated with infiltration is a minor
contributor to uncertainty in total dose

SR RN NI S S S RS EAE TR T IS A AT SR S AT R LR B
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Uncertain Epistemic Parameters Appearing in Slides 11 and 1‘2
(from MDL-WIS-PA-000005 REV 00 Table K3-1)

ALPHAL van Genuchten capiliary strength parameter in lithophysal rock units (Pa). Distribution: Triangular. Range: -105 to 105. Mean/Median/Mode: 0. TSPA-LA Name: Alpha_Uncert_Lith_a. Location in TSPA-LA: Sections 6.3.3.1.2 and
6.3.3.1.3; Tables 6.3.3-1, 6.3.3-3 and 6.3.54

BCKRA226. Natural background levels of combined Z°Ra and %2Ra in groundwater (pCi/L). Distribution: Truncated normal. Range: 0Oto 0.71. Mean/Median/Mode: 0.5. TSPA-LA Name: Background_Ra226_Ra228_a. Location in TSPA-LA:
Sections 6.3.10.2, 6.3.11.2, and Table 6.3.10-6.

CSWFAOAC. Correlated regression coefficient a0 in the abstracted rate model under acidic conditions (dimensioniess). Distribution: Normal. Mean/Median/Mode: 0. Standard Dewanon 1. TSPA-LA Name: CSNF_WF_Unceri_a0_Acid_a.
Location in TSPA-LA: Section 6.3.7.4.1.2; Equation 6.3.7-6.

DSNFMASS. Scale factor used to characterize uncertainty in radionuclide content of DSNF (dimensionless). Distribution: Triangular. Range: 0.45to 2.9. Most Likely: 0.62. TSPA-LA Name: DSNF_Mass_Uncert_a. Location in TSPA-LA:
Sections 6.3.7,1.2 and 6.3.7.1.3; Table 6.3.7-7.

" EP1LOWPU. Logarithm of the scale factor used to characterize uncertainty in plutonium solubility at an ionic strength below 1 molal {dimensionless). Distnbution. Truncated normal, Ran-ge: -1.4to 1.4. Mean/Median/Mode; 0. Standard
Deviation: 0.7. TSPA-LA Name: Pu_Eps_1_low_a. Location in TSPA-LA: Sections 6.3.7.5.1,6.3.7.5.2 and 6.3.7.5.3; Table 6.3.7-44; Equation 6.3.7-13a.

EP1LOWNU Logarithm of the scale factor used to characterize uncer(ainty in uranium solubility under norninal or seismic conditions at an ionic strength below 1 mclal (dimensionless) Distribution: Truncated normal. Range: -1to 1

EP1NPO2. Logarithm of the scale factor used to characterize uncertainty in NpO, solubility at an ionic strength below 1 molal {dimensionless). Distrbution: Truncated normal. Range: -1.2t0 1.2. Mean: 0. Standard Deviation: 0.6. TSPA-LA
Name: NpO2_Eps_1_low_a. Location in TSPA-LA: Sections 6.3,7.5.1, 6.3.7.5.2 and 6.3.7.5.3; Table 6.3.7-43; Equation 6.3.7-13a. ¥

- . ; 3 . . L
GOESITED. Density of sorption sites on goethite (1/nm?). Distribution: Discrete. Range: 1.021t0:8.59. TSPA-LA Name: Goethite_Site_Density_a. Location in TSPA-LA: Table 6.3.8-3.

HFOSA. Hydrous ferric oxide {HFO) surface area (m%g). Distribution: Truncated log normal. Range: 68 to 600. Mean: 275.6. Standard Deviation: 113.4. TSPA-LA Name: HWFO_SA_a. Location in TSPA-LA: Table 6.3.8-4; S¢p in Equation 6.3.8-
19. .

HFOSA. Hydrous ferric oxide (HFO) surface area (m%g). Distribution: Truncated log normal. Range: 68 to 600. Mean: 275.6. Standard Deviation: 113.4. TSPA-LA Name: HFO _SA_a. Location in TSPA-LA: Table 6.3.8-4; S in Equation 6.3.8-
19.

HFOSITED. Sorption site density for hydrous ferric oxide (HFO) {1/nm?), Distribution: Discrete, Range: 0.56 1o 5.65. TSPA-LA Name: HFO_Site_Density_a. Location in TSPA-LA: Table 6.3.8-3.

IGRATE. Frequency of intersection of the repository footprint by a volcanic event {yr). < Distribution; Piecewise uniform. Range: 0to 7.76E-07. TSPA-LA Name: Igneous_Event_Prob_a. Location in TSPA-LA: Table 6.5-2

INFIL. Pointer variable for determining infiltration conditions: 10™, 30", 50 or 90 percentlle infiltration scenario (dlmensxonless) Distribution: Discrete. Range. 1to 4. TSPA-LA Name:. Infilration_Scenario_a, Location in TSPA-LA: Section
6.3.1.2; Tables 6.3.1-2 and 6.3.54.

.

KODUSMEC. Distribution coefficient for reversible sorption of uranium to waste form (smectite) colloids (mbig). Distribution: Log uniform. Range: 5.00E+02 to 5.00E+04. TSPA-LA Name: Kd_lJ_Rev_Smectite_a. Location in TSPA-LA: Sections
6.3.7.6.2 and 6.3.7.6.3; Equation 6.3.7-20; Tables 6.3.7-62 and 6.3.7-66.

MICC14. Groundwater Biosphere Dose Conversion Factor (BDCF) for '“C in modern interglacial climate ((Sv/year)l(Bqlm%) Distribution: Discrete. Range: 7.18E-10to 2.56E-08. Mean: 1. 93E—09 Standard Deviation: 1.85E-09. TSPA-LA Name:
GW_BDCF_MIC_C14. Location in TSPA-LA: Sections 6.3.11.2 and 6.3.11.3; Table 6.3.11-3.

MICNP237. Groundwater Biosphere Dose Conversion Factor (BOCF) for #7Np in modern interglacial climate {(Sviyear)/(Ba/m3)). Distribution: Discrete. Range 1.06E-07 to 8.05E-07. Mean: 2.74E-Q7. Standard Deviation: 9.70E-08. TSPA-LA
Name: GW_BDCF_MIC_Np237. Location in TSPA-LA: Sections 6.3.11.2 and 6.3.11.3; Table 6.3.11-3.

MICPA231. Groundwater Biosphere Dose Conversion Factor (BDCF) for #'Pa in modern interglacial climate ((Sv/year)/(Ba/m). Distribution: Discrete. Range: 6.58E-07 10 B.S6E-06. Mean: 2.44E-0B. Standard Deviation: 1.02E-06. TSPA-LA
Name: GW_BDCF_MIC_Pa231. Location in TSPA-LA: Sections 6.3.11,2 and 6.3.11,3; Table 6.3.11-3.

www. ocrwim.doe. gov
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Uncertain Epistemic Parameters Appearing in Slides 11 and 12
(from MDL-WIS-PA-000005 REV 00 Table K3-1) (continued)

MICSE79. Groundwater Biosphere Dose Conversion Factor (BDCF) for 79Se in modefrn intérglacial climate: ({(Sv/year)/{(Ba/m3)). Distribution: Discrete. Range: 3.62E-09 to 1.51E-06. Mean: 2.42E-08. Standard
Deviation: 7.48E-08. TSPA-LA Name: GW_BDCF_MIC_Se79. Location in TSPA-LA: Sections 6.3.11.2 and 6.3.11.3; Table-6.3.11-3.

MICTC99. Groundwater Biosphere Dose Conversion Factor (BDCF) for #Tc in modern interglacial climate ((Sv/year)/(Ba/m3)). Distribution: Discrete. Range: 5.28€-10 to 2.85E-08. Mean: 1.12E-09. Standard
Deviation: 1.26E-09. TSPA-LA Name: GW_BDCF_MIC__TCQQ. Location in TSPA-LA: Sections 6.3.11.2 and 6.3.11.3; Table-6.3.11-3.

PHCSS. Pointer variable used to determine pH in 1 CSNF Cell under Ilqmd influx conditions (dimensionless). Distribution: Uniform. Range: 0to 1. TSPA-LA Name: Inpkg_pH_CSNF_S_Rand_a. Location in
TSPA-LA: Section 6.3.7.2.2 Part IV. .

SEEPCON. Pointer variable to determine the seepage/condensation regime for the first failed waste package in a percolation subregion (dimensionless). Distribution: Uniform. Range: 0to 1. TSPA-LA
Name: Seepage_Condensation_Prob_a".

SCCTHRP. Residual stress threshold for SCC nucleation of Alloy 22 (as a percentage of yield strength in MPa) (dimensionless). Distribution: Uniform. Range: 90 to 105. TSPA-LA Name:
Stress_Thresh_A22_a. Location in TSPA-LA: Section 6.6.1.3.7; Table 6.6-2.

SZCONCOL. Logarithm of ambient concentration of colioids in groundwater (g/mL). Distribution: Piecewise uniform. Range: -9 to -3.6. TSPA-LA Name: Conc_Col. Location in TSPA-LA: Table 6.3.10-2.

SZDIFCVO. Logarithm of effective diffusion coefficient in fractured volcanic units (m¥/s). Distribution: Piecewise umform Range: -11.310-9.3. TSPA-LA Name: DCVQ. Location in TSPA-LA: Sections
6.3.10.2 and 6.3.10.5; Table 6.3.10-2.

SZFISPVO. Flowing interval spacing in fractured volcanic units (m). Distribution: Piecewise uniform. Range: 1.86 to 80. TSPA-LA Name. FISVO. Location in TSPA-LA: Section 6.3.10.5; Table 6.3.10-2.

SZGWSPDM. Logarithm of the scale. factor used to characterize uncertainty in groundwater specific discharge (dimensionless). Distribution: Piecewise uniform. Range: -0.951t0 0.951. TSPA-LA Name:
GWSPD. Location in TSPA-LA: Section 6.3.10.2; Table 6.3.10-2.

- SZKDCSVO. Cesium sorption coefficient in volcanic units (mL/g). Distribution: Piecewise uniform. Range: 100 to 6783. TSPA-LA Name: Kd_Cs_Vo. Location in TSPA-LA: Section 6.3.10.2; Table 6.3.10-2.

UZFAGS. Fracture aperture for group 8 rock units (tswf[4,5), tswf[6,7], tswf8, pcf38) (m). Calculated by: Por_group8_a/ff_group8_a. TSPA-LA Name: fa_group8_a. Location in TSPA-LA: Section 6.3.9.2;
Equation 6.3.9-2; Fracture porosity values and frequency values are shown in Tables 6.3.9-6 and 6.3.9-7.

UZGAM. Active fracture model (AFM) Gamma parameter (dimensionless). Distribution: Uniform. Range.' 0.2to 0.6. TSPA-LA Name: Gamma_AFM_a. Location in TSPA-LA: Sections 6.3.9.2, 6.3.9.3 and
6.3.9.4.1; Table 6.3.9-5.

UZKDSRDT. Sorption coefficient for strontium in devitrified tuff units of UZ (mU/g). Distribution: Uniform. Range: 10to 70. TSPA-LA Name: KdSr_Devit_a. Location in TSPA-LA: Sections 6.3.9.2 and 6.3.9.3;
‘Equation 6.3.9-3; Table 6.3.9-2.

WDCRCDEN. Ratio of SCC area to unit of seismic damaged area for a waste package (dimensionless). Distribution: Uniform. Range: 0.00327 to 0.0131. TSPA-LA Name: WP_Crack_Area_Density_a.
Location in TSPA-LA: Table 6.6-2.

WDGCA22. Temperature dependent slope term of Alloy 22 general corrosion rate (K). Distribution: Truncated normal. Range. 666 to 7731, Mean: 4905. Standard Deviation: 1413, TSPA-LA Name:
C1_GenCorr_A22_a. Location in TSPA-LA: Sections 6.3.5.1.2 and 6.3.5.1.3; Tabjes 6.3.5-3 and 6.3.5-4; Equation 6.3.54.

i .
WDGCUA22. Variable for selectmg distribution for general corrosion rate (Iow medium, or high) (dimensionless). Distribution: Discrete.- Range: 1to 3. TSPA-LA Name: GC UlLevel_A22_. a. Location in
TSPA-LA: Table 6.3.5-4,

WDZOLID. Deviation from median yield strength range for outer lid (dimensionless). Distribution: Truncated normal. Range: -3 to 3. Mean/Median/Mode: Q. Standard Deviation: 1. TSPA-LA Name: z_0OL_a.
Location in TSPA-LA: Sections 6.3.5.1.2 and 6.3.5.1.3; Table 6.3.5-3.

L
WFDEGEXF. The surface area exposure factor for the amount of HLW glass contacted by water (dimensionless). Distribution: Triangular. Range: 4 to 17. Mode: 4. TSPA-LA Name: Exposure_Factor_a.
Location in TSPA-LA: Sections 6.3.7.4.3.2 and 6.3.7.4.3.3; Equation 6.3.7-9; Table 6.3.7-32.
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 Contributors

Joshua Stein (SNL) - Principal investig_ator and team lead

‘Dan Levitt (Los Alamos National Laboratory) — Conceptual
model and validation |

Al Reed (SNL) — MASSIF model developer, runoff
comparisons

Richard Allen (University of ldaho) — Evapotranspiration
(ET) model consultant

David Groeneveld (HydroBio) — Satellite analyses of
Yucca Mountain (YM) vegetatlon |

John Stormont (University of New Mexico) - Conceptual
model and data review |

Kaylie Rasmuson (Bechtel SAIC Company (BSC)) -
YM vegetation characterization
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Primary Contributors coinea

o Robert Walsh (Apogen Technologies) - Precipitation and
uncertainty analysis

‘e Cedric Sallaberry (SNL) - PreC|p|tat|on and sensmwty
~analysis

o  Elena Kalinina (GRAM) — HYDRUS-1D and lysimeter
~comparison

Daniel B. Stephens (Daniel B. Stephens & Associates) -

Independent model reviewer
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www.ocrwm.doe.gov
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Backgrouna
July 2005—SNL was tasked to

— Develop a new net infiltration model and revise and replace the
original analy5|slmode| reports (AMR) related to net infiltration

s Simulation of Net Infiltration for Present-Day and Potential Future
Climates, MDL-NBS-HS-000023 REV 00 (BSC 2004. REV 00)

* Analysis of Infiltration Uncertamty, ANL-NBS-HS-000027 REV 01
(BSC 2003. REV 01) -

BSC produced nine data qualific‘ation‘reports to support
the new model (documents listed in earlier presentation)

— Bedrock distribution and properties, soil type and properties,
“soil depth, site vegetation measurements, site weather data,
and Neutron logging data

A new model (MASSIF) -has been developed and
documented in MDL-NBS-HS-000023 REV 01
{SNL 2008. REV 01 AD @’E) (Specific references to this documenf

are listed in the following slides in green italicized text.)

/ Department of Energy « Ofﬁce of C|V|I|an Radloactuve Waste Management
LL_YMStein_NRCTE_040208.ppt
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- Use a conceptual model consistent with available data ahd
appropriate for size of domain

Include rigorous estimate of uncertainty in net infiltration

NRC Yucca Mountain Review Plan (NUREG-1804, Rev 2) specifies

that the DOE model should not underestimate net infiltration or risk
estimate (Section 2.2.1.3.5.3)

— _Beundary conditions (Criterion 2.3)

~ Parameter values (Criterion 3.1)

— Conceptual model Criterion 4.3)
MASSIF is implemented using Mathcad software in order to create
‘a calculation environment with the following features:

— Calculation algorithm and routines are extensively documented
where they are defined

— Inputs and resultsare presented and archived in context with
the calculations |

- — The calculation is transparent such that a technical person skilled

in Mathcad can follow and reproduce the work w:thout recourse to
the orlglnator

www. ocrwm.doe.gav
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e Mass Accounting System for Soil |nf|Itrat|on and Flow
(MASSIF) | VAdsolarradlatlon

<DQ>
precipitation
‘1;?‘ } R« = Runoff
transpiration 'Ron = Runon

evaporation - , run off SM = Snowmelt

e
: SF = Snowfall
| root zone
A N e et SUB = Sublimation
shallow ' : i istributi :
" | subsurface _ {j} interflow AB = Change in storage

Bedrock/soil interface  F-====-—mmmmm oo e e o e )
: B vadose zone

ET = Evapotranspiration .

NI = Net Infiltration

net infiltration

N/ water table . 7 ' '\.
Grid based on data from Shuttle Radar Topography Mission (30 x 30-m grld)

Figure §.2.1-7

R, ,=P+R,, +SM - SF - SUB + A® - ET = 1

on

g Department of Energy Offlce of ClVlllan Radtoactlve Waste Management www.ocrwm.doe.gov



5§eg

Daily precipitation is stochastically sim'ulated Aopondix Fy

Ten representative years, including low probability,
high precipitation years are selected for each realization

Precipitation is lapse-corrected for elevation secionrz1;

Snowfall occurs when average daily temperature
is below OOC Section 6.4.1.2

Water from snow enters the soil as snowmelt
(function of average daily temperature) secions.s1.4

Sublimation losses are represented setons«rs

R, ,=P+R, +58 -8 -5U8+A0-ET- NI

SRS i Rl R ik S R o e TR R IR L SR A e i
J/ Department of Energy « Office of Ctvnhan Radnoactnve Waste Management
LL_YMStein NRCTE_040208.ppt
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bsurface W

e Soil water movement and storage is controlled by a
layered field capacity model designed to be compatible
with the Food and Agriculture Organization (FAO)-56
evapotranspiration model seionsszandsas

— Layer 1 = Surface evaporatlon Iayer (0.1 to 0.2 m); includes
top portion of root zone and is divided into two portions

¢ Fraction of grid cell under plant canopy (changés with time).
¢ Fraction of grid cell outside plant canopy (changes with time)

— Layer 2 = Remaining portion of root zone
~— Layer 3 = Soil below root zone (only present if soil is deep)

— Bottom boundary is top of bedrock (roots do not remove water
from bedrock)

"R,y=P+R,, +SM-SF-SUB+ 2 - ET - NI

WAWWW, OC TV 109 Jr)



. - MASSIF @@n
Subsurface W

@pimé

Viovement anad

(Continued)

o Water flows from upper to lower layers when
field capacity is exceeded in the upper layer;
flow is limited by soil conductivity

e Net infiltration'occurs once soil layer contacting
bedrock exceeds field capacity

e Daily net infiltration limited by bedrock
conductivity

R s e ST B A R 72 M A S S O R T R T E T P S
'i, —i@. Depa tme t of Ene gy Offce ofC ilian Radi oact eWaste Management
27" LL_YMStein_NRCTE_040208.ppt -



)

SIF Conce;
unoff and

Domain is divided into 11
separate watersheds using ARC
GIS Terrain Processing toolbox

Each watershed drains to a single
cell at the boundary of the
infiltration model domain

Unsaturated zone (UZ) modelivng
domain is fully covered by
the watersheds

Each cell drains to the
neighboring cell with the lowest .

lodel

Unon

Watershed Delineation

Legend

H \ 3 ! UZ model ary Waste
elevatlon (“UB” algorlthm) bounjir.}f.,_R .;ig\:g’(./\rea/
(sinks are filled) = B

- Figure B-15[2]

e HEE o
W\NW~OCP'WHLdC\Q,gOV
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FAO-56—An internationally accepted set of guidelines
to CaICUIate ET Section 6.4.4-and Appendix C[a] '

Empirical, mass-balance approach based on reference
ET (ET,)
(K, x K, + K,) ET, _
K, = Water stress coefficient [0 to 1] f(soil props, vegetation)
K., = Basal crop coefficient [0 to 1.35] f(vegetation)

K, = Soil evaporation coefficient [0 to 1] f(soil props, vegetation)

Rm—mR +SM - SF - SUB + A8 - ©i = NI

on

www. ocrwm.doe.gov
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SIF Conceptual
e?es"eﬁe ET

e Penman-Monteith equatlon used to estlmate
refe ren ce ET Section 6.4.5 and Appendix Cla]

Solar radiation

» Estimated on a horizontal surface from Hargreaves
equation (based on daily temperature range)

+ Land-surface slope-azimuth correction applied

° Approach valldated by comparlson to dlrect
measurements »

— Minimum and maximum temperature modeled
separately on wet and dry days aecenai 2

— Wind speed derived from present-day site
measurements and varies with day of year #evendix ria)

éﬂ,‘.«’d"?ﬂ““ T T A T R R T T M4 > - 3
g/ Department of Energy ¢ Office of Civilian Radioactive Waste Management www.ocrwm. doe. gov
=

LL_YMStein_NRCTE_040208.ppt 12




° Normallzed difference vedetatlon index (NDVI) is predlcted as a function
of location, day of year, and total annual precipitation

¢ K_, calculated from NDVI observed during wet and moderate years at YMP

Potentlal Vegetatlon Response

Wet Year K_, and NDVI

. Figure B-11[a] l : : : : . : . ol NIR —Red
b Figure 6.5.3.7-{1 NDV[ = —mM
na- NIR + Red
9 >
& i S =)
=z
ol |
e U R et S NVDI vs. K_,
2 j i I I : ] i -y
oW o moom W Error bars show uncertamty
Day of Water Year = % - 1 : -
coo Lo Data e
— Hrb : oo
— Tpper Bound '
« Lower Bound
1 MTYT -
Potential —
Vegetation
Response
° 4
Figure 6.5.3.7-3
i’;-d " R - 1 ! | } - :
T | g 0 00l oo 0.0% 04 ngn oo
Yimmetars i F‘wmm‘ ‘? . NDVI
z O R T T R R o R B R B T T T > .‘. A
\ Department of Energy » Office of Civilian Radioactive Waste Management " www.ocrwm.doe.gov
13
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and Bedrock

Soil Classes

- Bedrock Class

R o BEF a1
EEf a2 [T ats
T Jea [ Jae
[ Ja0a [ a0
[ Jaos | a2t
406 422
407 a3
g 408 BEFE] 424
409 425
a0 426
[ avt R a7

Soil Classes

Soit Unit 3-4

) soitunits7-3

No Soil

. UZ Boundary
0 1 2 3 a uz Boyndary a 1 2 2 4 - Repository
Kiometers < R?Sﬁfp“f.’n'f Kilometers Footprint Rilometers '_Rems.\ew Footprint
Soil Depth Value
(m)
Depth Zone 1 95 )
Depth Zone 2 16 Table'6.5.2.4-3{a], Figures 8.5.2.4-1[a], 6.5.2.2-2[a], and 6.5.2.5-1{a]
Depth Zone 3 -3
Depth Zone 4 01-05
Depth Zone 5 0 <

R A Ty L s A N2 S R

Bion.. <SR

www.ocrwim.doe.gov
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il ?mp@ﬁl%

e The MASSIF mflltratlon model uses soil propertles
estimated using a pedotransfer approach.......;..

— Soil texture data from each of the Yucca Mountaln
soil classes

— Soil hydraulic properties from a Hanford, WA soil
property database
¢ Hydraulic conductivity

* Field Capacity (defined between -0.33 and -0.1-bar
suction pressure)

o W|It|ng point (defined at 60 bar)
o Saturated moisture content

— Nonparametric approach (based on textural
characterlstlcs) matched soils from Yucca Mountain
to similar soils from Hanford

o Uncertamty in soil propertles is evaluated

5 okt :—_ﬁﬁ i R o A R R S R O ST A D R T R S O A ) A R e i e Sk
)a’ 5 Departmen tofE ne gy Offce ofC lan Rad oact eWaste Ma ageme nt

3
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bedrock Conductivity

e Conductivity estimated from |
weighted arithmetic mean of
matrix, filled, and open et s o
fracture components

1.E-04 x LHS Samples (405)
x LHS Samples (406)

© Ksat from Alcove 1 Experiment

— Upper bound—200 micron
open fracture component

—  Lower bound—100%

fractures filled with caliche
. Section 6.5.2.6

1.E-05

1.E-06

1.E-07

1.£-08 \

Bedrock Saturated Hydraulic Conductivity (Ksat) (mvs)

e Available field observations
(visual surveys of fracture . B
filling and infiltration tests) e
support an open fracture |
com ponent to near surface Source: SNL 2008 [DIRS 182145}, Section 6.5.2.6, Table 6.5.2.6-1. Alcove 1 Ksat

from BSC 2006 [DIRS 176355], Section 6.4.5.3. Latin Hypercube sampling data

H- points from MASSIF output DTN: SNO70170502206.037 {DIRS 184289]
bedrock conductivity

{\Welcome to MassifiMassifiPresent Day Uncertainty\lLRS_PD_R1.0UT and
LHS_PD_R2.0UT).

N N o R B O Sy O A T T T S R D e P T S A T P O O e s emen o e s ol -4l o N W
" L . . .doe.
&) Department of Energy » Office of Civilian Radioactive Waste Management www.ocrwin.doe.gov

LL_YMStein_NRCTE_040208.ppt 16



nalysis Calculation Set Up

e Parameter uncertainty distributions defined for all
parameters (> 200 parameterS) (Section 6.5.5 and Appendix )

e Parameter uncertainty screening process

— Geospatial parameters covering more than 15% of
UZ modeling domain are screened in

— Nongeospatial parameters with relative standard
uncertainty greater than 15% screened in
e« Screened-in parameters (11 to 15) sampled with
Latin Hypercube Sampling (LHS)

— For each climate, two repllcates of 20 realizations
were generated - -

+ Results from two replicates were compared to assess
stability of results A

* Results are compiled from two replicates combined
(40 realizations)

Uncertainty A

I‘T S
LL_YMStein_NRCTE_040208. ppt



let Infiltration

MASSIF Net infiltration Results

MASSIF Mean Water Flux Fractions

its

Present | Glacial
Day (PD) | Monsoon | Transition
(mmiyr) | (MO)® | (GT)
(mmlyr) (mmlyr) Tables 6.5.7.1-3[a], 6.5.7.2-3(a],
10t 3.9 6.3 13.2 and 6.5.7.3-3[2]
30t 7.3 14.4 22.8
50th 13.0 22.9 28.6
-90th 26.8 52.6 47.0

- Present _ Glacial
‘Day Monsoon Transition

(% precip)| (% precip) | (% precip)
%Infil 8 9 10
%ET 88 85 86 | ooes0STd 65747
%Runoff 2 5 1
%Storage 2 1 2
%Sub <1 <1 1

% L) X pek A N R e S T O S R A e Sy (T T S AT S i o SR RS R G AR S L N SR LA R I i e e e
Department of Energy Offlce of Civilian Radioactive Waste Management i
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10t" Percentile | 50th Percentile .90”‘ Percentile

Present Day R2 V8 Present Day R2 V14

L

o 4086000 r 4086000

[ Net Infiftration 4084000 [ Net Infitration 4084000

100

{” Net Infittration
100

4082000+ 4082000

o 4080000 55 4080000 ;

mmiyr
&
mmlyr
mm/ys

N 4 4 .
4078000 4078000 c 5% oy s RE L

4076000 4076000 ” A L

- 4074000 e 4074000 +
T Repository Boundary Repository Boundary ™ Repository Boundary

~ UZ Mode! Boundary

UZ Model Boundary T UZ Model Boundary
F 4072000+

F 4072000 ' L

T T 7 T T T T T T v T T T T T T T T T T T T T 7 T T T v
545000 546000 547000 548000 549000 550000 551000 552000 553000 554000 545000 $46000 547000 548000 543000 550000 551000 $52000 $53000 554000 " 545000 548000 547000 548000 549000 550000 551000 552000 553000 554000

Coordnalas are in meters, UThS NAD 27, Zame 11 Coordinates ace in maters, UTM NAQ 21, Zona 11 Coaranates are in maters, UTM 14AD 27, Zana 11

Figures 6.5.7.1-2fa], 6.5.7.1-4[a], and 6.5.7.1-5[a]

At A N O LA R TR AT S R YO S B SR SRRV ST S
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ate

10t Percentile 50t Percentile 90t Percentile
Monsoon R1 V17 | Monsoon R1 V2 | Monsoon R1 V7

A1 %‘1 . =

4086000~4‘ r 40860004

I Net infiltration 4084000 [ Net Intitration 40840007

| Net Infiltration

100 100

95 9%
50 50
85 85

F 0 E a0 4082000 L
s 7
7 70
[ 65
60 50

r S5 . I 5 . 3 o
I 0 Z z
a5 E s E E
40 40
ES] 3

3 % - 0 4078000-f +
E %
20 0
15 15
10 10

F s + s 4076000 -
[ °

b 4074000+

- 4074000
“" Repasitory Boundary

= Repository Boundary = Repository Boundary

T UZ Model Boundary
F 4072000

™ UZ Model Boundary

“~— UZ Model Boundary
r 4072000

T T T T T T T g v T T T T T T T T T
545000 546000 547000 548000 $49000 550000 551000 $52000 553000 §54000 B 545000 546000 547000 548000 549000 550000 551000 552000 553000 £3<000

v.(\ [l
Cootdates are m Fretars: UTM NAD 27, 2one 11

7 T T T T T T T T
545000 546000 547000 548000 49000 550000 551000 §52000 553000 554000

Cooranaies are in meters, UTM NAG 27, Zane 11 Coarrnales are i metars, UTM NAD 37, Zon 13

Figures 6.5.7.2-2(a}, 6.5.7.2-4(aj], and 6.5.7.2-5{a]
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10th Percentile

Glacial Transition R2 V6

| Net Infiltration

T T T 7 T T T T T T
545000 546000 547000 548000 543000 S50000 551000 552000 553000 554000

Coaranates ace 1n melers, UTN NAD 27, Zone 11

—

L_YMStein_NRCTE_040208.ppt

mmiys

T Repository Boundary

T UZ Model Boundary

R s L T AT R S S R B T e A R I i N e e S e e S T R R SR SR R
Department of Energy » Office of Civilian Radioactive Waste Management

40860004

4044000+ [ Net Infittration
100

%
4082000

&
mmiyr

40780004

4076000

4074000 F

= UZ Model Boundary

4072000

T T T T T T v T T T
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Sensitivity Analysis
o Stepwise regression method a'pplied

— Analysis 1—40 realizations per climate secon 5.7, aspendic 1

— Analysis 2—Alternative analysis done by fixing precipitation
inputs for all realizations secrion 6.7 appendix

e Focus on physical property'unc\ertaint\ies (epistemic) rather
than uncertainties related to future weather patterns (aleatory)

— Analysis 3—Extended analysis (42 uncertain parameters, 200
realizations section7.1.4

— Results of Analysis 1—Annual precipitafion and shallow soil
- depth account for 70% of the variance in mean net infiltration

— Results of Analysis 2—Shallow soil depth and water holding
capacity of soil account for 90% of remaining variance in
mean net infiltration (with precipitation fixed)

~ Results of Analysis 3—Important parameters did not change

i3 i & rreen. “Efitre..
WWW.OCI’W"].C{()E.QOV
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\parisons

Confidence building during model development

Precipitation submodel validated W|th comparlsons to weather
records section7.1.1/a

ET submodel validated by simulating weighing lysimeter datasets

from Nevada Test Site (NTS) and Reynolds Creek, ID section 7.1.27a1

Runoff results validated by simulating YM (1994 to1998) and
comparing to stream gages section 7.1.373

Extended sensitivity study secton7.1.4

Post-model-development validation

- Corroboration of net infiltration results W|th S|te and regional data
» Seepage in South Ramp (2005) Section 7.2.1.1.1fa]
¢ Pagany Wash infiltration data (1998) section 7.2.1.1.2(a]

+ Published regional recharge estimates scction 7.2.1.2a), 7.2.1.37aj, and 7.2.1.4(a]
Alternative model comparison | |

+ HYDRUS-1D SCCt/0n722[a] i .

*+ Expert eI|C|tat|on (CRWMS M&O, 1997) scction 7.2.372]

s

WL ocrveim A.doe 2L GO
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parisons

Model 1 Model 2 Model3 Model 4 o
P'e‘:;’:::f‘:';? e« MASSIF simulations were
Atmospheric compared to HYDRUS-1D
~ Boundary (Richards equation model)
gosr simulations at four locations
(2] ' :
g Hr o  Transient responses to
£ 15 precipitation and events and
2 20l - RIS | -, drying perlo_ds were |
Infiltration ‘ somewhat different between
' models, however cumulative
Figures 7.2.2-1[a] and 7.2.2-4[a] responses Were_qUite similar
Model 1: 0.5 m Sail Thickness Model 2: 1.0 m Soil Thickness j Modet 3: 1.5 m Soil Thickness Model 4: 2.0 m Soil Thickness T
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lidation Comparisons

MASSIF (and HYDRUS-1D) Used to Simulate
Nevada Test Site, Area 5 Weighing Lysimeters
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o
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— Bare-sail Lysimeter'Storage: HYDRUS-1D — Vegetated Lysimeter Storage: HYDRUS-1D
y { I T I ]
101934 10/1936 101998 10Q:2000 10,2002 10,2004
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Figure 7.1.2.1-3[a]
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o MASSIF runoff predictions — 1 , —
compared with observed runoff 7 + . Weather: YM Site 2

in Wren Wash, Water Year 1995 =) 1

o  Model reasonably predicts N T

timing and runoff amount when S 1 I

soil conductivity is reduced by b ]

a factor of 2 to 3 from the 2 Weather: Y Site 2 1o
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o  Mean net infiltration overa S I RTINS 1 b
watershed (and full domain) is , R L
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e  Spatial distribution of net | i 120 150 o
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Exam parisons

30t Percentile ~ Soil Conductivity Variation

Present Day R2 V2 o Present Day R2 V2 VAR
' ¥ Soil Ksat adjusted
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Measured runoff

I and infiltration in

Pagany Wash
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-Xamble

Comparisons contines

MASSIF Net Infiltration Estimates Compared with
Empirical Models Developed at Other Sites
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MParisons contnes

MASSEF Net Infiltration Estimates Compared with Estimates
for Nevada Hydmgraphac Areas

x  Maxey-Eakin Basin Estimates
+ Modified-Maxey-Eakin Basin Estimates
+ Chloride Mass Balance Estimates
- Water Balance Estimates
% Groundwater Model Estimate
+ MASSIF (Present Day Climate)
+ . MASSIF (Monsoon Climate}
+« MASSIF (Glacial Transition Climate)
- —— Maxey-Eakin Mode! {1950}
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o underestlmated

ry and Conclusions

MASSIF model generates maps representing
~ the range of net infiltration expected at the
Yucca Mountain site for the next 10,000 years

'MASSIF predictions are based on a daily water
mass balance calculation which includes the
- effects of low probability wet periods

Site specmc data and appropriate analogs are
used to define parameter uncertainties

Net infiltration estimates validated with
comparisons to field data, analog site estimates,
and alternative model estimates

When conceptual processes are uncertain or
unquantifiable, conservative assumptions have
“ensured that mean net infiltration has not been -
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TUSNRC

- ’ UNITED STATES NUGLEAR REGULATORY GOMMISSION
Protecting People and the Environment

Gene Peters, Branch Chief, Performance Assessment
Division of High-Level Waste Repository Safety
U. S. Nuclear Regulatory Commision
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@w UNITED STATES NUCLEAR REGULATORY COMMISSION

Protecting People and the Environment

Key Technical Issue Agreements
Background

In 2001, NRC and DOE identified Key Technical Issues (KTI) to
facilitate prelicensing interactions.

NRC and DOE developed 293 Agreements for the 11 KTls.

KTI Agreements are considered closed once DOE provides
information on the topic to NRC, and NRC staff has no further
questions (261 Agreements are currently closed).

Although Agreements may be closed during prelicensing, NRC
will make its final determination on any issue relevant to licensing
during review of a potential license application.

April 2, 2008 slide 2




TUSNRC

= . UNITED STATES NUGCLEAR REGULATORY COMMISSION
Protecting People and the Environment

Key Technical Issues Related to Infiltration

Key Technical Issue (KTI)

Abbreviation

Short Description

Radionuclide Transport

RT

Identification of key geochemical
processes that may control radionuclide
transport at Yucca Mountain

Thermal Effects on Flow

Understanding the effects of heat
generated by the waste on water flow
around and in the repository

Total System Performance
Assessment and
Integration

Development of the capability to
conduct and review total system
performance assessments

Unsaturated and Saturated
Flow under Isothermal
Conditions

Characterization of ground water flow
near the repository under ambient
temperature conditions

April 2, 2008




TUSNRC

- N UNITED STATES NUGLEAR REGULATORY COMMISSION
Protecting People and the Environment

KTl Agreements Related to Infiltration
Directly Related

Indirectly Related

Agreement

Status

Agreement

Status

TSPAL3.18

Closed (February 2005

RT.3.01

Response Held (April 2005

TSPAI.3.19

Closed (February 2005

RT.3.04

Response Held (April 2005

TSPAI.3.20

TEF.2.10

Response Held (April 2005

TSPAL3.21

Closed (February 2005

TEF.2.11

TSPAI.3.27

( )

( )

Closed (February 2002)
( )

)

Closed (February 2005

TEF.2.12

USFIC.3.01

Open (Additional
Information Needed)

TEF.2.13

Response Held (April 2005

USFIC.3.02

Closed (February 2005)

TSPAI.3.28

(

(

(
Response Held (April 2005

(

(

(

Response Held (April 2005

April 2, 2008

TSPAIL3.29

)
)
)
)
Response Held (April 2005)
)
)
)

Response Held (April 2005

TSPAI.3.22

Closed (February 2005)

TSPAIL3.26

Closed (February 2005)

TSPAL4.04

Closed (January 2005)

slide 4




+USNRC

—/ \ UNITED STATES NUCLEAR REGULATORY COMNMISSION
Protecting People and the Environment

NRC Staitf Consideration of New
Intiltration Studies on KTl Agreements

NRC staff has reviewed the available information from DOE’s new infiltration studies
and concludes:

the nine previously closed Agreements are not significantly impacted by new
studies and do not need to be re-opened during prelicensing

the responses for eight Agreements that were held in 2005 are not significantly
impacted by new studies, and the agreements will be closed by letter from NRC
to DOE

the Additional Information Need for the one Agreement (USFIC.3.01) remains
unchanged, and this agreement remains open

As with all KTI Agreements, NRC will make its final determination on any issue
relevant to licensing during review of a potential license application.

April 2, 2008
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> \ UNITED STATES NUGLEAR REGULATORY COMMISSION
Protecting People and the Environment

Status of Infiltration-related KTl Agreements:
Summary

Eight “Held” Agreements will be closed, by letter from NRC to DOE.

Nine closed Agreements will not be re-opened during prelicensing.

One Agreement remains open, additional information needed.

Regardless of status of KTl Agreements, NRC will consider ali
issues relevant to licensing during review of a potential license
application.

April 2, 2008
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List of Relevant AnalyS|s and:Model Reports

Use of Infiltration and UZ Flow Models in TSPA
Overview of UZ Flow Model and Calibration Results

Need for Integration of the Infiltration Model with the
UZ Flow Model

- Why Use Temperature and Chloride Data?
Methodology for Infiltration-UZ Flow Integration
| ,Inputs and Uncertainty |

Calculated Weighting Factors

Corroboration with Results of Expert EI|C|tat|on and
Calcite Study

‘Summary 0




List of Relevant Analysis and Model Reports

o SNL 2007. Calibrated Unsaturated Zone Properties.
ANL-NBS-HS-000058 REV 00

e SNL 2007. UZ Flow Models and Sdbmodels.
MDL-NBS-HS-000006 REV 03 (SNL 2007. REV_ 03
~AD 01; SNL 2008. REV 03 AD 01 ACN 01)

e SNL 2007. Simulation of Net Infiltration for Present-Day |
and Potential Future Climates.

MDL-NBS-HS-000023 REV 01 (SNL 2008. REV 01 AD 01)

o SNL 2008. Total System Performance Assessment
Model/Analysis for the License Application.
MDL-WIS-PA- 000005 REV 00 and REV 00 AD 01
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Implementation of UZ Flow in TS
° Steady-state UZ flow fields are generated for

— Three pre-10k yr climates states (present-day, monsoon, glamal-
transition), and a post-10k yr period

— Four uncertainty cases:10th, 30th, 50th, and 90th percentile cases

¢ From the infiltration model for each climate state during the
pre-10k period

* For the post- 10k yr period, average infiltration rates through |

~repository footprint are set equal to average percolation rates
through repository footprint stipulated in the proposed NRC rule;
infiltration maps selected from the pre- -10k yr perlod are scaled to
provide appropriate rates

e UZ flow fields are sampled according to the weights developed

for uncertainty cases from the infiltration and UZ flow model
information

» Resulting UZ flow fields are used directly by TSPA

— Percolation flux at PTn/TSw interface used for drift seepage and
thermal hydrology boundary conditions. and properties

— Flow fields directly implemented in TSPA using Finite Element

Heat and Mass (FEHM) partlcle tracklng method for radlonucllde
transort |
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e The combmatlon of reduced

infiltration into Yucca Mountain, < P B
and the vaporization and E T |

Capi”ary barrier EffECtS in the E 109 e L g. A

TSw unit, results in a seepage  § | : T

flux that will be substantially Y S B
‘reduced from the precipitation r T
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effectiveness of surficial soils T
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reducing the rate of water flow
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e  Figure (b) illustrates the
. effectiveness of vaporization and

capillary diversion in limiting e S e s o :
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Steady-state flow

Spatially variable
infiltration

Dual-permeability
model

— Fracture/matrix
interactions

— Medium-scale flow
focusing

Lateral flow

— Capillary and |
 permeability barriers

Flow in faults
Perched water

N N R Ty R T P S e S RS S N N R R LS T RS O Y
Department of Energy « Office of Civilian Radioactive
LL_YMZhu_NRCTE_040208.ppt

.~Elevation (meters above mean sea level)

Overview
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1,000 |

@ Capillary Barrier
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o , Perched Water
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Source; Modified from MDL-NBS-HS-000006 REV02 ADO1, Figure 6.2-1
Repository Footprint Flow Distribution
- for Present-Day 50" % Infiltration Scenario
Fracture % Matrix % Fault %
TCwWIPTn Interface 98.81 0.03 1.16
Repository Horizon 96.68 2.03 1.28
Water Table 47.26 15.70 37.04

. Source: MDL-NBS-HS-000006 REV02 ADO1, Tables 6.6-1, 6.6-2, and 6.6-3 -
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o 2 Latin Hypercube Sampling
replicates of 20 realizations

each

e Uniform CDF from the 40
realizations (40 “maps”)

e 4 infiltration maps

(10th, 30th, 50t an
percentile)

lary froi

the Infi

Precipitation and Net Infiitration over
Infiltration Model Domain for Present-Day

£,

a

(MDL-NBS-HS-000023 REV 01, Section 6.5.7.1)

tration
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Source: Adapted from MDL-NBS-HS-000023 REVO1 ADDL Figure 6.5.7.1-6[a) (right) and Figures 6.5.7.1-2[a}, 6.5.7.1-4[a], and 6.5.7.1-5[a} (below)
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1-D calibrations

Using data from 16
boreholes

Matrix permeability,
fracture and matrix
van Genuchten «,
and active fracture
model parameter (y)

3-D calibrations
Lateral flow

Perched water

Calibrations are
conducted for each
uncertainty case
implemented for

S present day cllmate

Department of Energy Ofﬁce of CIVl||an Radloactlve Waste Management
LL_YMZhu_NRCTE_040208.ppt

Elevation (m)

1.400

- 8D-12

_ TCw

—_ v Perched Water 5
4 Field Data g‘
~ - Hydro. Unit 3
rran an el RRTRER N L 3
0.4 0.6 0.8 1.0

Saturation

Elevation (m)

amm%l@n and P@%emla

3-D Calibrations for SD-12

Source: MDL-NBS-HS-000006 REV02 ADO1, Figures 6.2-3 and 6.2—4

- UZ Model Domain Infiltration Rates
for Present-Day

10t Percentile

30t Percentile

50th Percentile

90th Percentile

Source: MDL-NBS-HS-000006 REV02 ADO1, Table 6.1- 2

SD-12
I TCw
1,300~ A
e Sialudiliod =2 |
1,200 | e====D pd_90 . / TSw
|| swmizaa pd_S0
M p— pd_30 ’
1,100 pd_10
[l <7 Perched Water
1‘000; ‘A Field Data
~| - ‘— Hydro. Unit
900 CHn’
800 Tt TR
- g
C [N . | ~[ | . g
700 0.0 2.0 4.0 6.0 8.0
Logarithm of Water Potential (-Pa)
Infiltration (mm/yr)
3.03
7.96
12.28
26.78

wanw acrwin.doe.gow
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e Natural bar'ometric o 3-D Calibration Results

uz7a
pressure fluctuations o
' . i ot pe =
: . . : VM‘_'.JM .mf - w a \v tew 12
° 1-D calibrations o | >
. e T s pin 28
— Using data from 4 gwﬁx}‘ﬁﬂ«%ﬂ” rezp
boreholes o TK:—-%%‘%% tsw 32
— Fracture permeability . |
i . . » Ti1:\e (daysfr:rn1z/o1/19?5) : B
¢ 3-D calibrations o : SD-12
. 91
-— 1 g PR T e
Using data from 2 T g N S 7 e

boreholes

— Account for high-flux -
pathways accessible in
the 3-D fracture ,
network - o s wm s w

Time (days from 12/01/1995)

* tsw 32

Pressure (KPa)

Lo tsw 35

Source: MDL-NBS-HS-000006 REV02 ADO1, Figures 6.4-1 and 6.4-2

S R R BN T R B AR S N RS LN 2R
Department of Energy » Office of Civilian Radioactive Waste Management
LL_YMZhu_NRCTE_040208.ppt

N
www. ocrwim.doe.gov
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Infiltration rates for

present-day climate have

little effect on temperature -

for locations with low :

infiltration flux and/or

small changes in

infiltration flux

At locations with

sufficiently high

infiltration flux, increases

in infiltration result in

reductions in the

predicted temperatures
Local’infiltration rates (mm/yr) for Present-Day .

Borehole 10h%|  3othes]  sOM%|  90™%

NRG-6 0.5 2.2 38 97

NRG-7a 1.4 38 6.G}. 140

S0-12 32 8.5 12,81\ 30.5

ANL-NBS-HS-000058 REV 00. Table 6-3

N A g Gt
&/ Department of

1.300

1.100

1.000 |

90U |-

800 |-

700 —

Temperature n Borehole NRG-6

{7 ianges ¢
. i 23111605
) | —— 1om
N ;

pom— 0%

- EO%

«w

* s 25
Temperature (‘C)

35

Elevation (i)

mperature

Temperature in Borehole SD-12

1,400

1.300 -

1,200

1,100

1.000

§00 |-

800 {-

700 L

15 2% 33
Temperature (°C)

o

Temperature in Borehole NRG-7a

1.300
: 17111957 '
1200 | A enoee7 |
: o
g 100 | | —30%
z - 50%
S 1000 b e e NN 90%
[v] ————
>
2
800 |
700 - &
15 20 25 30 35

§

AT

Temperature (*C)

Source MDL-NBS-HS-000006REV03 ADO1 Figures 6.3-2 through 6.3-5 s

R A e

SR A RO e N & e B,
www . ocrvwm.doe.gov
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CI" Concentration (mg/l)

o

10°

102

100

Chloride
Comparison

Chloride levels along

boreholes vary with depth
in response to lateral flow

and diffusion

Chloride concentrations -
across the ESF and ECRB
show less spatial structure,
suggesting that variability
in surface concentrations

are homogenized dur

transport from the ground

-surface

S

ing

Source: MDL-NBS-HS-000008 REV02 ADO1

Figures 6.5-1, 6.5-4 through 6.5-8

ECRB

‘Distance from the ECRB Entrance (m)

Energy - Office of Civilian Radio
LL_YMZhu_NRCTE_040208.ppt

LEEE

CI" Concentration (mg/l)

- a2y 3 ) 107
: xmwm;wﬂmfmfnfff e i :
I . | TSV S W T SR Lt R E
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©
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1002
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- . i } r?‘&e.,:ﬂrﬁ‘ "Dﬂ A}\'pﬂ.wﬂin’ﬁ.‘_’.‘lw;‘v"lh"*‘v‘f”U“"y"N' H H '\,
G o - f L
1,200 |- ,?w 7 1300 . i
T . ‘g 4 t 1 j
. 12004 4 i
1100 g - T : H
LA i 13 o t s
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= 1.0001 : ¢ = - ¢ %
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© 900 - f i oo -
_- C e " —— w w  pd_50 900 _ H # = = pd_50
w B é G anaroman pd_30 - . V’E 2 | nrerwr pd_30
SAvARE- A weecaie pd_10 3 N . : tuneeniz pd_10 2
800 - ?§ ¥ Perched Water EZ:. 800 - b 3 W Perched Water S
| > Field Data g ¢ 3 Z < Field Data g
i S S SN H 700 L Y YRR | ZJ3
700 0 100 10° 10" 10? 10°
CI" Concentration (mg/l) CI" Concentration (mg/)
SD-12 Uz-14
= 1,400 -
- - a0
1.300 - e
- s 0030 1.300 -
1200k wevgzeins pd_10 -
20 3 W Perched Water !| - -
—_ - & o Fiekd Data 1.200 .
E 100t ¢ 8 = -
= e £ o
kel P 4 s L
g 1000~ © 3 § -
@ ' 1,000
[m] o -
900 _ I
900 |
& t
800 2 o i,
- 3 800 - | |1z
r00 & Lo - |2 resom e
100 150 200 700 ) - t - )
0 100 200
) CI' Concentration (mgft)

- pd_90

----- pd_50

womsmar pd_30

eiran pd_10 5
0 Field Datwa ‘i

S B! i RTINS W | ISV RS SIS U W
1,000 2,000 3,000 4,000 5000 6000 7,000 80
Distance from the North Portal Entrance (m)

0

o

O L4820C 0283

0

.. Local Infiltration Rates (mm/yr) for Present-Day

‘Borehole 10M%|  30M%| 50Me| 90t
NRG-7a 1.4 38 6.0 14.0
'SD-7 3.4 9.0 15.0 346
"§D-12 32 8.5 12.8 30.5
UZ-14 19 48 69 16.4
ANL-NBS-HS-000058 REV 00, Table 6-3 '
o, R

www.ocrwim. doe.gov
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Need for megm‘mn of %h@ Mléﬁmﬁmn

e Net infiltration estimates by the infiltration model 'were
based on information about climate and surface
hydrological conditions that are subject to uncertainty

s UZ model predlctlons for temperature and chloride,

using median results from the infiltration model, deVIate
from observations of temperature and chloride

o Calibration of the top boundary condition using
subsurface data (e.g., temperature and chloride)
provides additional constraints for the infiltration results

N A s R I 535 B
5 Departmentof Energy Offce ofCl lan Rad»oact eWaste Management
%
- LL_YMZhu_NRCTE_040208.ppt



Temperature profiles along boreholes are controlled by
boundary conditions at the ground surface and the water
table, percolation flux, and heat redistribution processes
(advection and thermal conduction) within the UZ.
Percolation is strongly influenced by surface infiltration at
locations with sufficiently high infiltration rates

Chloride is a nearly ideal natural tracer for the study of
water movement in geologic systems, and chloride
porewater concentrations result from upper boundary
conditions on chloride concentration and water flux and
mass redistribution processes (advection and diffusion)
within the UZ. Chloride concentrations are sensitive to

the chloride concentration boundary condition at
ground surface

WA, O CrVVITE lop q



M
K

mgﬁh@d@m@y for Infiltration- UZ o
Integration

Generalized Likelihood Uncertainty Estimate Multiple Likelihood Functlons »
(GLUE) methodology was used, with multiple  normal distribution (s1) (Carrera and Neuman, 1986)
likelihood functions to account for uncertainty

in the assignment of a likelihood function K 0 (xU -X, )

The residuals between UZ model calculations L= | (2”01 ) “XPy~ 272
of temperature or chloride concentration and J=! J

measured values were used as inputs to inverse square sum (s2) (Beven and Binley, 1992)
likelihood functions |

: : K *
For temperature, the residuals for each - Z W,
borehole are averaged and then implemented 2 —(x, - X))’
in each likelihood function. Then the SR
likelihoods across the different scenarios are |
scaled to provide the weights : inverse square product (s3) (Beven and Binley, 1992)

For chloride, the residuals for each borehole K
~ are averaged and then the residuals over all L, =1/ H(x -X )2
the boreholes are averaged. The residuals ' o
within the ESF and ECRB are separately '
averaged for use in the likelihood functions.
Then the likelihoods for a given infiltration .
scenario are summed over the boreholes, ESF, K

"R S
Y4Y
¥

TS

fuzzy measure (s4) (Beven 2006)

by =X

and ECRB. Finally, the cumulative likelihoods L Z 1_»
across the four infiltration scenarios are 4 —
normallzed such that the sum is 1 =

Source: Adapted from MDL-NBS-HS-000006 REV02 ADO1,
Section 6.8

)

s L. R

VVWW_ O CAWIIY dog gov

LL_YMZhu_NRCTE_040208.ppt . ' ’ 16



Factors

s To integrate the UZ flow and infiltration models for use in TSPA,
use the GLUE methodology to calculate the welghtmg factors.
for the kth infiltration: map

— Determine the prior welghts (P,

— Calculate the likelihood values based on chloride data (L,.;) and temperature data
(L, ;) and UZ model predictions, for the kth infiltration map, and

— Calculate the final weighting factors P for the kth infiltration map

Bchithi

4
Z Bchithi
- |

e _ Calculate the final weighting-factor values

- P(L=L «) is the probability for L, to be the true likelihood functlon and aSSIgned
the same value for all the four I|keI|hood functions

- Zaﬁm =L,

‘])kif —

Source: Adapted from MDL-NBS-HS-000006 REV02 ADO1,
Section 6.8 * ol

55 R R R IR N e AT B R S s SRR A A RN i SR B A R A R S e B O R T T s L B O R R G RS e R e Aok EpSGES i i %
% Department of Energy - Office of vauhan Radloactlve Waste Management i ) W ocrwm. dos ¢ gov

LL_YMZhu_NRCTE_040208.ppt ,.v,“



s PSR

All qualified temperature data available
from various depths along 5 boreholes:
NRG-6, NRG-7a, SD-12, UZ#5, and UZ-7a

Near ground surface observed
temperatures show significant seasonal
variations. However, these seasonal
changes in surface temperature have little
impact on essentially steady-state heat flow
or temperature profiles in the deeper

(more than 20 m) unsaturated zone,
because measurement uncertainty is small

(less than 0.1 °C) and measurements below
20 m are stable ; ‘

Only measurements 40 m or more below
round surface were considered, resulting

in a total of 50 temperature data points for

comparison |

Thermal conductivity uncertainty range
is #15% |

Thermal diffusion (~4%x10-7 m?/s) leads to
thermal equilibrium over 10,000 years. The
process also leads to reduced sensitivity of
temperature to flux at low rates

Source: MDL-NBS-HS-000006 REV02 ADO1, Sections 6.3.4 and 6.8.3
T AT

partment of Energy » Office of Civilian Radioactive Waste Management
LL_YMZhu_NRCTE_040208.ppt

perature

Elevation (m)

1300

1200 +

1100

1000

900

800

700

‘One-Dimensional Model for Temperature
Distribution in a Homogeneous Rock

O mm/fyr
~—3 mmiyr

— 12 mmlyr

—~ 27 mm/yr

17 19 21 23 25

Temperature (°C)

R
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Sources and Uncertai loride Data

-« The evaluation used measured chloride porewater concentrations from the
Exploratory Studies Facility (ESF), the Enhanced Characterization of
Rep03|tory Block (ECRB), and 12 boreholes: G-2, NRG-6, NGR-7a, SD-12,
SD-6, SD-7, SD-9, UZ-14, UZ-16, UZ-7a, UZ-N55, and‘WT .24

o Large spatial variations in chloride concentration due to variable surface
evapotranspiration and subsurface flow conditions

inty of Chil

o Water diffusion rates are low
(~ 10-19 m?/s) such that equilibrium -
with present-day climate is not

expected
, ‘ . , . Infiltration
e The chloride method used here e over UZ Flux-weighted
accounts for fracture and matrix Scenario model | average chloride
- pathways as well as fracture-matrix | _domain concentration
~interaction Case _(mmlyr) (mg/L)
. . o Present-Day, 10t"% 3.03 - 29
e Chloride concentration variations for [ o 0n —55n, 796 10
present-day climate scenarios cover ————"—" 228 -
a range of about one order of : — :
magnitude for the flux-weighted Present-Day, 907% | 26.78 3

average chloride concentratlon }

T AT A R = 5 2 5 Dy TR SR U RA TR e MHES e tran B0
5, Department of Energy Offlce of C|V|I|an Radxoactnve Waste Management . . osrm. doe. gov

LL_YMZhu_NRCTE_040208.ppt
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hts from the Infiltration Model

Uncertamty in UZ flow fields is evaluated .
by using probabilistic scenarios for the
| upper boundary conditions

s 4 infiltration maps (10th, 30th, 50th, and
90th percentile) selected for evaluation of
) | uncertainty in the UZ flow fields in TSPA

s | Prior weights for the maps are 20%, 20%,
ot . . 30%, and 30% respectively

s®,
o
w
[4]
=
o
=~}
v
Z
L
5
=3
=
<)
=
o
=
@)
!
o
[+

@

Probability
o
T
L

o

Net Infiltration [mm/yr]
Source: Adapted from MDL-NBS-HS-000023 REV01 ADQ1, Figure 6.5.7.1-6[a}

Precipitation and Net Infiltration over
Infiltration Model Domain for Present-Day
(MDL-NBS-HS-000023 EV 01, Section 6.5.7.1)

Case Precipitation: Infiltration
{mmlyr) {mmlyr)
10th% 144.1 3.9
th ] - Y R L vt i R
30t 160.6 7.3 10[/; 30{/; 501;7 90(],
50th% 189.3 13.0 ' .
i Percentiles
90t% 212.7 26.8

Source: Adapted from MDL-NBS-HS-000006 REVO03 ADO1, Figure 6.8-1

i 3 T R R N T IS R = A N i STETD
Department of Energy « Office of Civilian Radioactive Waste Management www.ocrwm.doe.gov

LL_YMZhu_NRCTE_040208.ppt ) 20
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Calcul
Chil

Calculated Weighting Factors Using Both Chloride Data and Temperature Data

© The average We|g ht |S hSumma\ry of Final Weights From All The Methods
. th Infiltration map 10"% 30™% 50"% 90"%
hlghest.':or the 10 th Prior weights . 20% ‘ 20% 30% 30%
p_er(_:en Iié case, WI_ s1. 100% 0% 0% 0%
similar average weights sz a1 n=1 59% 21% 17% 3%
for the 30th and 50th s2_a1_N=0.5 ’ 40% 24% 26% 11%
. : s2 a2 N=1 - 47% 24% 25% 4%
Perce"tlle cases and s2_a2_N=0.5 _ 34% 24% 30% 12%
the lowest for the 90th s3_af 97% 3% 0% 0%
percentile case By
. Average final '
o The results confirm that |..ghing factoss 62% 16% 16% 6%

itis important to Output DTN; LBO701PAWFINFM.001, factors.doc.
consider uncertainty in
the likelihood function

Source: Modified from MDL-NBS-HS-000006 REV02 ADO1, Table 6:8-1

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

LL_YMZhu_NRCTE_040208.ppt ) : ’ 2



culated
Chloride

Calculated Weighting Factors Using Chloride Data Only

Calculated Weighting Factors Using Temperature Data Only

[

Infiltration map 10™% 30"% 50"% 90™% Infiltration map 10", 30"% 50" 90",

Prior weights 20% 20% 30% 30% Prior weights. 20% 20% 30% 30%
S1 100% 0% 0% 0% S1 100% 0% 0% 0%
s2 al N=1 : 48% 25% 21% 6% s2 a1 _n=1 31% 21% 30% 19%
s2_a1l N=05 34% 25% 28% 14% s2_al_n=0.5 25% 21% 30% 24%
s2_a2 N=i 41% 27% 25% 8% s2_a2_n=1 26% 21% 35% 18%
s2 a2 N=0.5 ) 30% 25% 29% 16% |s2_a2 n=0.5 23% 21% 33% 24%
s3_al 72% 21% 7% 0% s3_al 89% 8% 2% 0%
s3_a2 62% S 1% 1% 0% s3_a2 83% 11% 5% 0%
s4_sum 24% 23% 32% 21% s4_sum 22%: 21% 31% 27%
Average Final Weights L 51% 22% 19% - 8% Average Final

Output DTN: LBO7G4UZWFINFM.001, file: summary_chloride only.xls. Weights 50% 15% 21% 14%

Outout DTN: LBO704UZWFINFM.001. file: summarv temoerature onlv.xIs.

Source: Modified from MDL-NBS-HS-000006 REV02 AD01, Tables 6.8-4 and 6.8-5

o Similar weighting factors were obtained from independent calculations
using temperature and chloride data sets which represent different
physical processes

2y

. =0 A EETN T A S I B TR LI RN T 3! e R P S A i % S 2 Lo =TT s
4 Department of Energy » Office of Civilian Radioactive Waste Management www.ocrwm.doe.gov
LL_YMZhu_NRCTE_040208.ppt [ . . 22
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e The probability
- distribution of area-

. g . Expert Elicitation, UZ Flow Model,
averaged Inflltratlon and Infiltration Model Results
rate for the repository 1
footprint, obtained — - Experclowerbound |
1 ifi > 08 -~ ~ Expert-aggregate

using the modified 2 Expert- aggreg
GLUE methogOlogys 3 .g 0.6 géqragoritan%%perbound
consistent with the_ ’ g; U2 o model- GLUE -
aggregate percolation % o4 = ifitration model
flux probability L e e
distribution from an 02 mean

v niitration modeil mean
expert elicitation by 7

experts (CRWMS M&O °
1997. Unsaturated Zone

10 20 30 40 50

Infiltration or Percolation Flux (mm/yr) in Repository Footprint

Flow Model Expert

Elicitation Project.

ACC : Source: MDL-NBS-HS-000006 REV02 ADO1. Figure 6.8-3[a)
MOL.19971009.0582.) - \

= 428 ) - el R
www.ocrwm.doe.gov

23



o The probability
distribution for infiltration
and percolation fluxes is
also consistent with the
result of a transport study

of total calcite abundance '—’51300 g
from borehole WT-24 = ]
o . 2 1200 4 Tgw
o |tis recognized that the s ]
calcite data have limited T

g u . . . 1100 - . .
sensitivity to infiltration | Infiltration

rate, and are subject to f:nl:;)z

poor resolution during the B |

current interglacial 1] -2

(present-day) time period ~ 900 v
E { 1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 1E+E

Source:

MDL-NBS-HS-000006 REVO3 ADO1, Figure 7.7-3(a) Change of Volume Fraction (ppmV)

5/ Department of Energy « Office of Civilian Radioactive Waste Management ] www.acnvm.doe.gov
2 LL_YMZhu_NRCTE_040208.ppt : _ 24
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Factors for

Future Climates

o  The same weighting factors .
for present-day, monsoon,
and glacial transition

climates
. . . . . .- Probability
) Basis: Given the similarity : , - : | Weich
. . eightin
Of mOdellng methOdS Present- Glacial- : Fagtorsg
: D M T iti Post-10k All
. acro_ss_ CIlmate States! any Infiltration Infilt:a);ion Inglr:f;?(:‘n Inrfai;::alt:g: In;ijli:ation Cli(mate
deV|at|ons between theUZ Case (mmlyr) (mmiyr) (mmlyr) {mmlyr)? States)
f|0W mOdel I"ESU|tS fOr . . 10th . 3.03 | 6.74 11.03 16.89 0.62
temperature and chloride, Percentle '
and the infi_ltr_atiOH- mOdeI 30th B 7.96 12.89 \ 20_45 . 28.99 0.16
results for infiltration rates | et '
under present-day climate, 50th 12.28 - 15.37 25.99 34.67 0.16
are also comparable for reroerte ‘
future climates _ oth 26.78 73.26 46.68 48.84 0.06 -
) : ‘ Percentile .
o Additional evidence Source: MDL-NBS-HS-000006 REVO3 ADO1, Tables 6.1-2, 6.1-3, and 6.8-1
. - a8 Note that for the post 10,000-year period, the Infiltration cases differ and represent
Supportlng the same scaled versions of the present-day 90th percentile, the 50th percentile glacial- transition,

Weig htl n g factors for futu re the 90th percentile glacial-transition, and the 30th percentile monsoon maps, respectively.
climates is provided by the |
calcite modeling study

T ZEE B4 SIS IR == 22 T e S T T TR B S e o A e ., TR
Department of Energy Offlce ofClvman Radloactwe Waste Management www.ocrwm. doe.gov
{L_YMZhu_NRCTE_040208.ppt _ . 25
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'Integratioh of the infiltration and UZ flow models in TSPA is
necessary because of deviations from subsurface measurements
of temperature and chloride concentrations

A probability distribution was evaluated using» a modified GLUE
methodology with measured temperature and chloride data, and

is used to assign weighting factors for sampling the UZ flow
fields in TSPA

The analysis used measured temperature profiles from boreholes
and measured chloride concentrations from boreholes, ESF and
ECRB, because of their sensitivity to infiltration

The modified GLUE méthodology utilized multiple likelihood

functions to account for uncertainty in the selection of likelihood
functions

- The probablhty distribution obtamed is consistent with the
aggregate percolation flux probability distribution from an expert
elicitation, and with estimated infiltration rates from an
independent study of caIC|te deposition

5 A2 SR A O T R B £ T i R D R T o R R T e I AT R R R TR
Department of Energy Offlce of Clvman Radxoactlve Waste Management
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