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Unsaturated and Saturated Flow Under
Isothermal Conditions Subissues

Subissue 1: Climate Change Discussed at 8/16-17 technical
exchange - remains closed
Subissue 2: Hydrologic Effects |Discussed at 8/16-17 technical

on Climate Change exchange - remains closed
Subissue 3: Shallow Infiltration |Discussed at 8/16-17 technical
exchange - one item reopened-to be
discussed at this meeting
Subissue 4: Deep Percolation |Discussed at 8/16-17 technical
exchange - remains closed-pending
Subissue 5. Ambient Flow To be discussed at this meeting
Subissue 6: Matrix Diffusion To be discussed at this meeting
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Subissue 3: Shallow Infiltration

Acceptance Criteria NRC DOE
IRSR Proposed
Status Status

1) ... estimated present-day shallow infiltration at YM for Closed Closed
use in TSPA using...
2) ... analyzed infiltration at appropriate time and space Closed Closed

scales for performance assessment, and...

3) ... characterized shallow infiltration in the form of either |Closed* Closed-
probability distributions... pending

4) ... show through Total System Performance Assessment |Closed Closed
and associated sensitivity analyses that refinements of
shallow infiltration estimates will not...

5) If used expert elicitations are conducted... Closed Closed
6) ...collection, documentation, and development of data, TBD Closed-
models, and... Pending

*Note: Reopened at August 2000 Key Technical Issue
Technical Exchange on Unsaturated Flow
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Shallow Infiltration Background

e At the August 2000 Unsaturated Flow Key
Technical Issue Technical Exchange, the NRC
questioned the upper bound values for shallow
infiltration and that DOE should provide additional
justification for their current numbers or use
another number

e This subissue was to remain open until DOE
provided its approach

e Plan has been provided. Therefore, this Subissue
should be closed-pending confirmatory actions
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Subissue 6: Matrix Diffusion

Acceptance Criteria NRC DOE
IRSR | Proposed

Status Status

1) If credit for matrix diffusion in the UZ is taken, then | N/A N/A
transport predictions must be consistent with site
geochemical and isotopic data

2) If credit for matrix diffusion in the SZ is taken, rock | Open Closed
matrix and solute diffusion parameters must be...

3) If used, expert elicitations are conducted... Closed Closed
4) ...collection, documentation, and development of | TBD Closed-
data, models, and... Pending

Based on information to be presented today, this Subissue

should be closed-pending closure of Acceptance Criterion 4

e tllirsrane
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Matrix Diffusion Topics
e Today DOE will:

— Provide an explanation of the Matrix Diffusion Model
— Show how it is broadly consistent with observed data
— Discuss what, if any, credit will be taken in performance predictions
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Subissue 5: Ambient Flow and Dilution

Acceptance Criteria NRC DOE
IRSR | Proposed
Status Status

1) Conceptual flow and data uncertainties Open Closed
2) Flow paths from beneath the repository to potential Open Closed
receptor locations
3) Causes of the moderate hydraulic gradient and the Open Closed
large hydraulic gradient
4) Maps of potentiometric contours of the regional Open Closed
uppermost aquifer
5) Hydrologic parameters are described in the form of Open Closed-
probability distributions or deterministic bounding values Pending
that are reasonably consistent with site data

- rha=ss R e e v
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Subissue 5: Ambient Flow and Dilution
(Continued)

Acceptance Criteria NRC DOE
IRSR Proposed
Status Status

6) ...mathematical groundwater model(s) that incorporate | Open Closed

site-specific climatic and subsurface information...

7) ...wellbore dilution... Closed Closed

8) ...dilution due to dispersion... or mixing... Open Closed

9) ...potential geothermal and seismic effects on the Open Closed

ambient SZ flow system...

10) ...expert elicitations are conducted... Closed Closed

11) ...acceptable Quality Assurance Procedures... TBD Closed-
Pending

Based on information presented today, this Subissue

77//

hould be closed-pending confirmation
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Ambient Flow and Dilution Topics

e Uncertainties

— Consideration of uncertainty in models

— Incorporation of Saturated Zone expert elicitation panel suggestions
to reduce uncertainty

e Flow Paths

— Delineation of flow paths
— Location of transition from flow in tuff to flow in alluvium

v ? . [ep e pepm— o
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Ambient Flow and Dilution Topics
(Continued)

e Moderate and Large Hydraulic Gradients results
from USW SD-6 and USW WT-24 testing

e Potentiometric Contour Maps
— Inclusion of Nye County potentiometric data

7 T Y pp g —
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Ambient Flow and Dilution Topics
(Continued)

e Hydrologic Parameters

— Probability distributions and deterministic bounding values used as
parameters in hydrologic models

— Determination of total and effective porosity

— Incorporation of transmissivity estimates from single-hole tests in
the calibrated model

— Correction of transmissivity estimates to account for bias toward low
values

Newbury SZ_Rev1a.ppt 11
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Ambient Flow and Dilution Topics
(Continued)

e Mathematical Groundwater Models

— Incorporation of site specific climatic and subsurface data into
models

e Dilution Due to Dispersion or Mixing
— Handling of dispersion in the new particle tracking model

e Potential Geothermal and Seismic Effects
— Results of recent investigations

7T P e TR
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Summary

Status
IRSR DOE Proposed
e Subissue 3:
Shallow Infiltration Open Closed-Pending
e Subissue 5:
Ambient Flow and Open Closed-Pending
Dilution
e Subissue 6:
Matrix Diffusion Open Closed-Pending
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Outline

e Presentation Objectives

e Current Subissue and Acceptance Criterion 3 Status

e Proposed infiltration plan

— Derive new upper bound infiltration maps and weighting factors
based on Monte-Carlo methodology

— Incorporate new results in models for Total System Performance
Assessment - License Application

e Conclusions

T T R RO . .
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Presentation Objectives

e Provide the basis for resolving the Present-Day
Shallow Infiltration Subissue and Acceptance
Criterion 3 of that Subissue

e Subissue 3, Acceptance Criterion 3: Department of
Energy (DOE) has characterized shallow infiltration
in the form of either probability distributions or
deterministic upper-bound values for performance
assessment, and provided sufficient data and
analyses to justify the chosen probability
distribution or bounding value
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- - - - ‘5 ﬂ'\‘ i i SIS SR .
YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials Houseworth_Rev1b.ppt



( ( (
Current Subissue and Acceptance

Criterion 3 Status

e Unsaturated and Saturated Flow Under Isothermal
Conditions Issue Resolution Status Report, Rev. 02
indicated that Acceptance Criterion 3 status was
open
— Staff noted an apparent bias in upper bound Mean Annual Infiltration

(MAI) multipliers and that equal weights should be assigned to the

upper and lower bounds for MAI multipliers or demonstrate that
another approach achieves the same result

e April 2000 Key Technical Issue Status Technical
Exchange identified the Present-day Shallow
Infiltration Subissue as closed

YM P Yucca Mountain Project/Preliminary Predecisionél-‘bruza\%t Materials Houseworth_Rev1b.ppt 4
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Current Subissue and Acceptance
Criterion 3 Status (Continued)

e At the August 2000 Unsaturated Zone Key Technical
Issue Technical Exchange, the NRC questioned the upper
bound values for shallow infiltration and asked that DOE
provide additional justification for their current numbers
or use another number

 NRC indicated that this subissue and Acceptance
Criterion 3 would remain open until DOE provided their
approach addressing the NRC concern on the probability
distributions for shallow infiltration

io'n“élv braft Materials Houseworth_Rev1b.ppt 5
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Draft plan to address concerns

e Develop upper-bound infiltration case based on the
Monte-Carlo analysis for the glacial-transition climate

— Upper bound will be based on the 90th percentile case from the Monte Carlo
analysis

— New weighting factors for the lower bound, mean, and upper bound
cases will be derived based on the documented methodology (Analysis of
Infiltration Uncertainty Analysis and Model Report. ANL-NBS-HS-000027)

e Develop upper bound infiltration cases for the monsoon
and modern climates by proportional scaling based on the
average infiltration ration between the upper bound and
mean cases for the glacial-transition climate

e Incorporate the new infiltration maps and weighting factors
into the models that support Total System Performance
Assessment - License Application

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials Houseworth_Rev1b.ppt
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Conclusions

e DOE has developed a plan to develop upper bound
infiltration values tied to the Monte-Carlo analyses

e Based upon the submittal of the plan for work that
will provide new upper bound values for shallow
infiltration, the subissue and acceptance criterion
should be closed-pending completion of the planned
work
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Outline

e Presentation Objectives
e Current Acceptance Criterion Status

e For Subissue 6, Acceptance Criterion 2,
presentation will:

— Summarize technical basis for item resolution
— ldentify basis documents (References)

— Summarize technical adequacy of basis

e Conclusions

Note: Additional summary information is provided in
the delta analysis

e
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Presentation Objectives

e Provide the basis for resolving Subissue 6, Acceptance
Criterion 2 associated with the matrix diffusion in the
Saturated Zone

e Subissue 6, Acceptance Criterion 2: If credit for matrix
diffusion in the Saturated Zone is taken, rock matrix
and solute diffusion parameters must be (i) based
on a Saturated Zone transport model that
reasonably matches the results of the field tracer
tests that are conducted over different distance
scales and flow rates with multiple tracers of
different diffusive properties, and (ii) consistent with
laboratory data

Rt 1018002 i - S — ’
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Current Acceptance Criterion 2 Status

e Unsaturated and Saturated Flow under Isothermal
Conditions Issue Resolution Status Report, Rev. 02
indicates status is open, pending review of future
DOE performance assessments and milestone
reports

e April 2000 Key Technical Issue Status Technical
Exchange identified the Matrix Diffusion Subissue
as open, nearing resolution; did not specifically
provide status of Acceptance Criterion 2

ional Draft Materials EddebbarhS6A2_Rev1k.ppt
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Subissue 6, Acceptance Criterion 2

e Action or information needs identified

— At the April 2000 KTI Status Technical Exchange, the NRC indicated
that DOE needed to provide and analyze data from the C-wells

— Information submitted regarding agenda-setting telecons indicated that
the NRC wanted DOE to publish reports on the C-wells

T
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Subissue 6, Acceptance Criterion 2

(Continued)
e Basis for closure

— The C-wells conservative and reactive tracer tests demonstrated that
models that incorporate matrix diffusion provide more reasonable fits
to the tracer-experiment data than those that assume a single
continuum

— The matrix sorption coefficients that fit the data for the lithium tracer
in the C-wells reactive tracer experiment agreed well with the values
determined in laboratory sorption tests

— This provides confidence that the matrix-diffusion model is
appropriate

et
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Subissue 6, Acceptance Criterion 2
(Continued)

This acceptance criterion has been fully addressed

— DOE has appropriately used rock matrix and solute diffusion
parameters based on a Saturated Zone transport model that
reasonably matches the results of the field tracer tests conducted
over different distance scales and flow rates with multiple tracers of
different diffusive properties. These parameters are consistent with

laboratory data

T T et R — . —
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C-Wells Testing

e Basis for Resolution

— C-Wells multiple tracer tests in both the Bullfrog Tuff and the Prow
Pass Tuff have been conducted and indicate the validity of the matrix
diffusion model

o rin== = ———
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Model

No Matrix Diffusion or Sorption

Fracture
—»
How Direction
Matrix Diffusion - No Sorption
|
Fracture
—p
Flow Direction Sorption and Matrix Diffusion
|
Fracture

 EddebbarhS6A2_Revik.ppt




e
®]
,J

Multiple Tracers with Different Physical
and Chemical Properties

Tracer Rel. Diffusivity Sorption
PFBA 1 None
Bromide 3 None
Lithium Ion 2 Weak
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0.012
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Idealized Single-Porosity Responses
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Idealized Dual-Porosity Responses
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C-Wells Tracer Responses - Bullfrog Tuff
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C-Wells Tracer Responses - Prow Pass

500
¢ PFBA
450 +
¢ Br

; 400 + A Cl
=) .
— 350 + -
g ¢ 640-nm Spheres
E 300 T + 280-nm Spheres
=
2 250 + Unplanned flow 14-hr
= M flow interruption
(3 900 - : Planned 7-day flow
- ¥ :: interruption
Iy Planned 14-day flow
% 150 ¢ : interruption
= 100 + &
z .

50 +

0 &
0 300 600 900 1200 1500 1800 2100 2400 2700 3000
Time, hrs
Reference: Unsaturated Zone and Saturated Zone
@ = Transport Properties (ANL-NBS-HS-000019 REV 00)
 EddebbarhS6A2_Revik.ppt 15

YM P Yucca Mountain Project/Preliminary Predecisional Draft Materials




Technical Basis Documents

e C-Wells Documentation Effort for FY 2001

Los Alamos-Series reports on lab tests and field tests

Reinterpretation of lithium responses using Multicomponent
Transport Model

Software QA, qualification of C-Wells Core

Journal article submittals on matrix diffusion, reactive transport, and
colloid transport in fractured volcanics

YM P Yucca Mountain Project/Preliminary Predecisional Draft Materials EddebbarhS6A2_Rev1k.ppt
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Conservative Tracer Testing at C-holes

o Conservative tracer testing at the C-holes showed
the presence of matrix diffusion as seen from the
following two graphs comparing the breakthrough
curves of a fluorinated benzoic acid and iodide

e Horizontal shifts in actual and predicted normalized
breakthrough curves indicate matrix diffusion

T I R R
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Conservative Tracer Testing at C-holes

1.1 o -
—_—
1 Calculated BTC (245 TFBA): Gamma*O.()()lJ
- |
.0 — 2J 2,4,5 TFBA data (Cmax 3.8 ppm)J
3J s 1{|Calulated BTC (iodide): Gamma ().()()1]
0.9 4 - :
4J iodide data (Cmax 2.6 ppm)l
0.8 — 5} Calculated BTC (245 TFBA): Gamma ().(J()()444}
i .
6] overlies §5|Calculated BTC (iodide): (iamma—()4000444]
—
0.7 4
EXPLANATION
0.6 Three inter-streamline pathways
assumed delay factors of
2.01d,29d,3.11d
0.5 — ** "Initial" Flow porosity: 0.00045
**Storage porosity: 0.001
0.4 **Longitudinal
’ dispersivity: 0.27 m
**Dimensionless diffusion
0.3 - cocfficient, gamma: 0.000444
and 0.001
0.2 4
0.1 A
0.0
1 | | | ! | | | I | | | | | | [ |
0.0 5.0 10.0 150 20.0 250 30.0 35.0 40.0 450 S50.0 55.0 60.0 65.0 70.0 75.0 80.0

TIME SINCE INJECTION ON 6/17/98,IN DAYS

FIGURE 8 . BREAKTHROUGH CURVE FOR 6/17/98 2,4,S TFBA AND IODIDE TRACER TEST, MATCHED BY DUAL-
POROSITY, PARTIAL-RECIRCULATION SOLUTION DERIVED FROM MOENCIH (1995), WITH STORAGE
POROSITY OF 0.001 AND DIMENSIONLESS DIFFUSION COEFFICIENTS, GAMMA, OF 0.000444 AND 0.001

Reference: Upcoming C Well
Complex Report
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Conservative Tracer Testing at C-holes

1.1 —
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POROSITY OF 0.01 AND DIMENSIONLESS DIFFUSION COEFFICIENTS, GAMMA, O1'0.000444 AND 0.001
|

Reference: Upcoming C Well
Complex Report
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C-Wells Testing

(Continued)
e References

— C-Well Test Report scheduled for completion in September 2001

— Update to Saturated Zone Process Model Report scheduled for
completion in January 2001

— Analysis and Model Report Uncertainty Distributions for Stochastic
Parameters (ANL-NBS-MD-000011 REV 00)

e Evidence of matrix diffusion has been provided in
lab and field tests

e Uncertainty in how much credit can be taken for
matrix diffusion over time and length scales that are
greater than those that can be tested is addressed
in Total System Performance Assessment
simulations (Uncertainty Distributions for
Stochastic Parameters Analysis Model Report)

W 211007020 S R — ——
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Conclusions

e Based on the information presented today, this
criterion should be closed

— The C-wells conservative and reactive tracer tests demonstrated that
models that incorporate matrix diffusion provide more reasonable fits
to the tracer-experiment data than those that assume a single
continuum

— The matrix sorption coefficient that fit the data for the lithium tracer in
the C-wells reactive tracer experiment agreed well with the value
determined in laboratory sorption tests. This provides confidence
that the matrix-diffusion model is appropriate

— DOE plans to complete and publish reports on C-well testing

T TR
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Outline

e Presentation Objectives
e Current Acceptance Criterion Status

e For Subissue 5, Acceptance Criterion 1,
presentation will:

— Summarize technical basis for resolution of items
— ldentify basis documents (References)

— Summarize technical adequacy of basis

e Conclusions

Note: Additional summary information is provided in
the delta analysis
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Presentation Objectives

e Provide the basis for resolving Acceptance
Criterion 1 associated with conceptual flow and
data uncertainties

» Acceptance Criterion 1: Department of Energy
(DOE) has considered conceptual flow and data
uncertainties. Uncertainties due to sparse data or
low confidence in the data interpretations have
been considered by analyzing reasonable
conceptual flow models that are supported by site
data, or by demonstrating through sensitivity
studies that the uncertainties have little impact on
repository performance

a7 TP
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Current Acceptance Criterion Status

e Unsaturated and Saturated Flow under Isothermal
Conditions Issue Resolution Status Report, Rev. 02
indicates status is open pending review of future
DOE groundwater modeling reports, milestone
reports, and other submittals

e April 2000 Key Technical Issue Status Technical
Exchange identified the Ambient Flow and Dilution
Subissue as open; did not specifically provide
status of Acceptance Criterion 1

ionalhli‘raﬁ "Maté'rials Arnold1 Rev1p.ppt
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Acceptance Criterion 1

e Action or information needs identified

— Discuss uncertainty in horizontal anisotropy of permeability
— Discuss consideration of uncertainties

— Discuss incorporation of Saturated Zone Expert Elicitation comments

TR
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Acceptance Criterion 1

e Basis for closure

— Conceptual flow and data uncertainties have been
incorporated in the Total System Performance Assessment

analyses

— Uncertainties due to sparse data or low confidence in the data
interpretations have been incorporated into the analyses by
analyzing reasonable conceptual flow models that are
supported by site data

» This acceptance criterion has been fully addressed
and should be closed

— DOE has incorporated uncertainty and variability into the Total
System Performance Assessment

YMP Yucca Mountain Project/Preliminary Predecision}?bﬁéﬁ i\/l"afériéls Arnold1 Rev1p.ppt 6



e |
Horizontal Anisotropy

e Basis for resolution

— Two discrete cases for horizontal anisotropy in permeability are
defined (isotropic and 5:1 ratio)

— Anisotropy has been applied to volcanic units south and east of
Yucca Mountain

— Anisotropy alters calibration to heads by less than 1 meter

YMP Yucca Mountain Project/PreliminaryPredecisional 6f5f{ﬁdéférials Arnold1 Rev1p.ppt
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Horizontal Anisotropy
(Continued)

Sensitivity to Horizontal Anisotropy, Neptunium Transport,
Repository-Wide Source, Breakthrough at 20 km
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i /
02 4 / Isotropic Case
————— Anisotropic Case
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*Note that breakthrough curves do not include decay
Reference: ANL-NBS-HS-000030
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Horizontal Anisotropy
(Continued)

e References

— Analysis and Model Report Uncertainty Distributions for Stochastic
Parameters (ANL-NBS-MD-000011)

— Analysis and Model Report Input and Results of the Base Case
Saturated Zone Flow and Transport Model for TSPA
(ANL-NBS-HS-000030)

o Updated analyses address horizontal anisotropy. No
additional work needed

: Y
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Consideration of Uncertainties

(specific discharge)

o Basis for resolution (groundwater specific
discharge)

— Uncertainty in Saturated Zone specific discharge (groundwater flux)
Is based on results of the Saturated Zone expert elicitation

— Three discrete cases (low, medium, and high flux) are defined for the
Saturated Zone site-scale flow and transport model

— Probabilities assigned to each case are derived from the aggregate
uncertainty distribution for specific discharge in the volcanic aquifer
from the Saturated Zone expert elicitation

— Saturated Zone site-scale model boundary fluxes and permeabilities
are scaled to preserve calibration to head

T T T N
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Consideration of Uncertainties

(specific discharge)

1 ) | lllllll L T Illllll L] ] lllllll ) LELBLRLAL} p [ 1
Aggregate Uncertainty Distribution from the
1 SZ Expert Elicitation (CRWMS M&O, 1998) B
0.8 - — 0.8
> - 5
§
9 0.6 — Medium Flux — 0.6 >
i '
2 E
E [
S 04 - 04 O
=
O 4 Low Flux High Flux 5
Case
0.2 - % — 0.2
0 1 LR llll' lll ) LI == 0
0.001 0.01 1 10 100

Specific Discharge in the Volcanic Aquifer (m/year)

Reference: ANL-NBS-MD-000011
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Consideration of Uncertainties

(specific discharge) (continued)

e References

— Analysis and Model Report Uncertainty Distributions for Stochastic
Parameters (ANL-NBS-MD-000011)

— Analysis and Model Report Input and Results of the Base Case
Saturated Zone Flow and Transport Model for TSPA
(ANL-NBS-HS-000030)

— Saturated Zone Flow and Transport Expert Elicitation Project
(MOL.19980825.0008)

e Updated analyses address consideration of
uncertainties. No additional work needed

ST TR A R R
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Consideration of Uncertainties

(uncertain parameters)

e Basis for resolution (uncertain parameters)

— Conceptual flow and data uncertainties have been quantified as
uncertainty distributions

— Total System Performance Assessment-Site Recommendation
incorporates key conceptual flow and data uncertainties in Saturated
Zone flow and transport simulations using Monte Carlo methods

T RS

R
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Consideration of Uncertainties
(uncertain parameters) (continued)

Parameter Variability Uncertainty
permeability units, features constant (scaled)
groundwater flux uncertainty factor low, medium, high stochastic

cases
climate flux factor present, monsoonal, constant
glacial transition cases
matrix porosity units, ISM constant
effective porosity units stochastic (alluvium)
flowing interval spacing constant stochastic
flowing interval porosity constant stochastic
effective diffusion coefficient constant stochastic
bulk density units, ISM constant
sorption coefficient radionuclide, units stochastic
(alluvium, volcanics)
longitudinal dispersivity constant stochastic
horizontal transverse dispersivity constant stochastic
vertical transverse dispersivity constant stochastic
colloid retardation factor (volcanics) constant stochastic
colloid retardation factor (alluvium) constant stochastic
Kc parameter for actinides, Sr, and Cs constant stochastic
horizontal anisotropy in permeability units (volcanics only) stochastic
volumetric groundwater use by the N/A stochastic

critical group

YMP Yucca Mountain Project/Preliminary Predcii
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Consideration of Uncertainties

(uncertain parameters) (continued)

Mass Flux Breakthrough Curves at 20 km, Source Region 1
3-D SZ Site-Scale Transport Model, 100 Realizations C-14 Transport

20
15 —
3
w -
S £ i
& 7] i
n "

10 100 1000 10000 100000 1000000
Median Travel Time (years)

2000 4000 6000 8000 10000
Time (years)

*Note that breakthrough curves do not include decay and represent transport only in the Saturated Zone

Reference: TDR-NBS-HS-000001
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Consideration of Uncertainties

(uncertain parameters) (continued)

Mass Flux Breakthrough Curves at 20 km, Source Region 1
3-D SZ Site-Scale Transport Model, 100 Realizations Np-237 Transport

1

20
0.8

15
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3 [(M]
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@ 7] |
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5 ! “ i

0.2 1 i il
1] b !
i ! i
0 — il ‘& : i
0
20000 40000 60000 80000 100000 10 100 1000 10000 100000 1000000
Time (years) Median Travel Time (years)

*Note that breakthrough curves do not include decay and represent transport only in the Saturated Zone

Reference: TDR-NBS-HS-000001
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Consideration of Uncertainties

(uncertain parameters) (continued)

Preliminary
SZ Flow and Transport Sensitivity Analysis

06/25/2000, 1:33 PM, SR00_047nm5.gsm; 07/07/2000, 1:49 AM, SR00_084nm5.gsm;
07/07/2000, 4:09 AM, SR0O0_087nm5.gsm:; SR00_084nm5_and_087nm5.JNB
] T 1 T T 1 LI | T T 1 T I 1

To :
Base Case

3 Degraded SZ Flow and Transport Barrier
10 Enhanced SZ Flow and Transport Barrier

102 L . ............................................................................................
i 7
Y S SERY 8
o S
N o Ny

Dose Rate (mrem/yr)

103t ——————np 2 L

1000 10000 100000
Time (years)

Reference: TSPA-SR (work in progress)
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Consideration of Uncertainties

(uncertain parameters) (continued)

e References

— Analysis and Model Report Uncertainty Distributions for Stochastic
Parameters (ANL-NBS-MD-000011)

— Analysis and Model Report Input and Results of the Base Case
Saturated Zone Flow and Transport Model for TSPA
(ANL-NBS-HS-000030)

— Saturated Zone Flow and Transport Process Model Report
(TDR-NBS-HS-000001 REV 00 ICN 01)

e Updated analyses address consideration of
uncertainties. No additional work needed
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Saturated Zone Expert Elicitation

Comments and Recommendations

e Basis for resolution

— Panel members of the Saturated Zone Expert Elicitation made
comments and recommendations on several issues

— Comments and recommendations were synthesized and tabulated for
the Saturated Zone Flow/Transport and Biosphere Workshop
(Feb. 17-19, 1999)

* Kuzio, S. 1999. "Saturated Zone Flow/Transport and Biosphere
Workshop Summary Document.” Memorandum from S. Kuzio (SNL) to
Distribution, May 25, 1999, with enclosure ACC: MOL.19991217.0096

— Recommendations have been included as appropriate in Total
System Performance Assessment-Site Recommendation modeling or
are being addressed by ongoing field testing. They are discussed in
Appendix A of the Saturated Zone Flow and Transport Process Model

Report

R
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Saturated Zone Expert Elicitation

Comments (continued)

e References

— Saturated Zone Flow and Transport Process Model Report.
(TDR-NBS-HS-000001 REV 00 ICN 01)

— "Saturated Zone Flow/Transport and Biosphere Workshop Summary
Document.” Memorandum from S. Kuzio (SNL) to Distribution,
May 25, 1999, with enclosure. ACC: MOL.19991217.0096

e Expert Elicitation comments have been considered
in planning and testing. No additional work needed

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials Arnold1 Revip.ppt 20
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Conclusions

e The Saturated Zone Flow and Transport Process
Model Report and Supporting Analysis Model
Reports provide the information required for this
acceptance criterion

e Representation of conceptual and data uncertainties
in Total System Performance Assessment will be
refined using additional site data, when available

e The status of this acceptance criterion should be
closed

YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials Arnold1 Rev1p.ppt 21
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Outline

e Presentation Objectives
e Current Acceptance Criterion 5 Status

e For Subissue 5, Acceptance Criterion 5,
presentation will:

— Summarize technical basis for item resolution
— Identify basis documents (References)

— Summarize technical adequacy of basis
e Conclusions

Note: Additional summary information is provided in the
delta analysis

e rlr200:002 "2 i, .
< A A R T A T R N e
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Presentation Objectives

e Provide the basis for resolving Acceptance
Criterion 5 associated with estimates of key
hydrologic parameters

e Subissue 5, Acceptance Criterion 5: DOE estimates
of key hydrologic parameters are described in the
form of either probability distributions or
deterministic bounding values reasonably
consistent with site data. These parameters should
include transmissivity, hydraulic gradient, effective
flow porosity, effective immobile porosity, and
effective aquifer thickness

2 i, e — -
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Current Acceptance Criterion 5 Status

e Unsaturated and Saturated Flow under Isothermal
Conditions Issue Resolution Status Report, Rev. 02
indicates status is open pending review of future
Nye County reports and DOE milestone reports on
testing in the tuffs. DOE should continue efforts to
fill in data gaps

o April 2000 Key Technical Issue Status Technical
Exchange identified the Saturated Zone Flow and
Dilution Subissue as open; did not specifically
provide status of Acceptance Criterion 5

tain Project/Preliminary Predecisional Draft Materials Eddebbarh5_Revi1r.ppt 4
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Acceptance Criterion 5

™

e Action or information needs identified

— At the April 2000 KTI Status Technical Exchange the NRC indicated
that the need existed to obtain hydraulic conductivity and effective

porosity for saturated valley fill at 20-km and in the data gaps to the
south of Yucca Mountain

— In agenda-setting telecons for this technical exchange, the NRC
requested

+ aplan to fill the data gap north of the Washburn well and 19 complex
+ plans to obtain porosity data in the valley fill, using geophysical methods

+ plans for tracer tests at the Alluvium Testing Complex, along with detailed
stratigraphy and results of aquifer tests in the complex

LT T i

Cud V102802277 i — - -
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Acceptance Criterion 5
(Continued)
e Basis for closure

— Values of parameters currently used for valley fill aquifer are based
upon evaluation of regional values for similar type deposits and are
supported by information from expert elicitation. Sufficient
information is available to incorporate uncertainty and variability into
the Total System Performance Assessment

— DOE plans to complete a program of work with the Nye County Early
Warning Drilling Program and at the Alluvium Testing Complex to
continue to confirm these values

— DOE continues to incorporate data gathered through the cooperative
agreement with Nye County

a7 T P e _~xdi .
S G T L T R
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Acceptance Criterion 5
(Continued)

e DOE is providing estimates of key hydrologic
parameters as described in the form of either
probability distributions or deterministic bounding
values that are reasonably consistent with site data

1 s Pt by
ST e R A R R -
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Hydraulic Conductivity and Effective

Porosity of Valley Fill and
Data Gap South of Yucca Mountain

e Basis for Resolution

— Hydraulic testing at Well 19-D has provided hydraulic conductivity
information

— Hydraulic testing of Nye County Phase | wells has provided
additional hydraulic conductivity information

— Grain size analysis is providing information on porosity

— Ongoing testing at Alluvium Testing Complex and data from Nye
County drilling program on hydraulic conductivity and effective
porosity will add to existing data

Rt lllterrsesse et
T R TR e TR R
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ATC Location

4080000

4075000

4070000

4065000

4060000

4055000

535000 540000 545000 550000 555000

Reference: work in progress

Eddebbarh5Vet_Revia.ppt

Co%




- 19D1/P Completions

EVWDP-NC-19D EVWDP-NC-19P
25 m
o .
-
- . .
- .
- ~| 2-7/8" Casing
¥OO! [— -
- .
= =
-
__ .
- - . .
z00 |— = -
3 -TI-_-_
= Aalley
= Fill
Deposits
300 |— - e
-
- |
r=—=y
- . g =
B === ~—] .
- = [
= - H
- = B
- .
so0 |— s = .
- 2 ----- Clay-Rich Layer
e
TR ™ ™ ™ g™
E=) e £
« 600 |— — R M
=1 sl EE = an mw |
= 4 8 -
= i - o e mm mm
@ [~ — - ------
= - - .
é Zo00 — B
@ LI - =
S i | mm_ mm mm
= = Z - .
=S $ e e .
= = e - Screen
pr = - . .
so00 [— — [ . .
..
’_T ) PR [T
e B \' - Gravel Pack
Bom|— S g
- L~ N ESTR
S 2 R TN
]
1000 —— = 1 _’\- ___
A - ——
= :‘- wuff
- [~ ]
1100 = i ===
’_', s SN AN
1200 |— e - —
1300 [— P i
- * fclaystoner !
i - Siltstone |
1400 — - — -
:_’\ e
14s0l— = -

Horizontally Exaggerated

Reference: work in progress

09




( 4
Hydraulic testing results from the
Alluvium Testing Complex

o Hydraulic testing results from the Alluvium Testing
Complex:

Open-hole testing produced a hydraulic conductivity, K, value
of 0.5 ft/d

Lowest interval, screen #4, produced K= 4 ft/d
Interval above lowest, screen #3, produced K= 9 ft/d

Below are fits of the data to the Neuman unconfined aquifer type
curves and to the Cooper-Jacob straight line approximation to the
Theis equation

20 s i, s
MR R A B s Bt e
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Alluvium Testing Complex EWDP-19D1 Open

Hole Hydraulic Test Analysis Using Neuman’s
Unconfined Aquifer Analysis

ST one s

[l

Time in Minutes Reference: Work in Progress
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Alluvium Testing Complex

EWDP-19D1 Screen #4 Testing
Using Straight Line Method of Cooper-Jacob
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Alluvium Testing Complex

EWDP-19D1 Screen #3 Testing
Using Straight Line Method of Cooper-Jacob
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Hydraulic Conductivity Estimates

e From Grain-Size Alluvial Testing Complex
- . - \2
Distributions P
- O+——9o—=o —@
e Provides Upper Bound o |CTe
. 100 - Gravel Pack
e Compares to Aquifer
Hydraulic Testing EWDP 16P
g 30 —Xy
[
E e
£ 40 OHf ®  Ewpr19DD1
8 50 o Te
600 ¢ T
S e
0 o
800"—.—i T ‘ ' T T . T T
0.0001 0.001 0.01 0.1 1 10 100

Hydraulic Conductivity (cmysec)

Reference: Work in Progress
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Porosity from the Borehole Gravimeter

« EWDP-19D/D1
« EDCON BHGM
e Density Determined

e Grain Density from
Adjacent Boreholes

e Porosity Estimated
from Density

11111

OOOOOOOO

Reference: Work in Progress
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YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials Eddebbarh5_Rev1r.ppt 16



Proposed Alluvium Testing
Complex Well Layout

North

Natural
Gradient

19D
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Cross-Hole Test Predictions:

Planning Tool

e Spreadsheet* that offers predictions of nonsorbing and
sorbing solute travel times (both first arrival and peak
arrival) as a function of:

— Production Rate

— Well Separation

— Interval Thickness (confined or unconfined)
— Effective Flow Porosity

— Longitudinal Dispersivity

— Recirculation Ratio

— Retardation Factor for Sorbing Tracer

*assumes a homogeneous, isotropic medium

7T atiie,. .
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Cross-Hole Test Predictions

Low Lithium Sorption Case*, Advective and Layered

1.E-02

1.E-03

1.E-04

CiCo

1.E-05

Li Single Porosity

Halide
Layered

Li Layered

Halide and
FBA Single
Porosity

1.E-06
10

- High Lithium S

1.E-02

1.E-03 -

1.E-04 -

CiCo

1.E-05 -

1.E-06 — -

10

1000 10000

100 Time, hrs

orption Case*, Advective and Layered

Li Single Porosity

Halide
Layered

Li Layered

FBA
Layered

Halide and
FBA Single
Porosity

10000

1000

100 Time, hrs

*Cases based on laboratory batch sorption data

Reference: work in progress
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Three-Component Cation Exchange Model

 Clear Evidence from Prow Pass Tracer Test and

Laboratory Tests: e LN
lon responses in Prow W II\ .
Pass field test o T |

« Cation Exchange Model

A+BX = AX+B ey )
JA+CX, = 2AX+C B=Na'+K"
C=Ca"
2B+ CXz = 2BX+C X = Negatively-Charged Surface Site

Reference: Analysis and Model Report Unsaturated Zone and Saturated
Zone Transport Properties (ANL-NBS-HS-000019 REV 00)
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Three-Component Cation Exchange Model:
Application to Alluvium Batch Sorption Data

Cation Exchange for Material from EVWWDP-19P, 410 ft

Lithium Sorption Exchanging Cations

0.01 0.01

= .______..‘:. ___:_:r-:-d—:*f
/ | ——
0.001

. e Natk |
0.001 " Ca
: — Na+K Fit —
0.0001 - S - — e
' - g a A

S, mol/l
mol/l

0.00001

! ' 0.0001 T .
0.0001 0.001 0.01 0.1 0.0001 0.001 0.01 0.1
C, mol/L Li C, mol/L
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Data Gap South of Yucca Mountain

e Data available in addition to Boreholes
e Seismic Refraction
 Electric-bores (i.e, Vertical Electrical

Soundwaves) ||
o Gravity
|
e Magnetics e o '
e Geology A
| o |
H |

Reference: work in progress
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Hydraulic Conductivity and Effective
Porosity of Valley Fill and

Data Gap Sou(tCh <t)_f Ydtfcca Mountain

e References

— Update to AnaIKsis and Model Report Transport Properties,
scheduled for the Site Recommendation and License Application

— Update to Saturated Zone Flow and Transport Process Model
Report, scheduled for the Site Recommendation and License

Application
— Alluvium Testing Complex Work Plan
— Saturated Zone Technical Work Plan

e The combination of hydraulic conductivity
information obtained to date and the additional
information to be obtained from the Alluvium
Testing Complex and from Nye County drilling
program on hydraulic conductivity and effective
Rlorosny_wﬂl ully address this information need.

o additional work needed

W sl 1r700s 20 = p g — i
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Data Gap North of Washburn Well and
19-D Complex

e Basis for Resolution

— Nye County drilling program phases Il and Il plan wells north of
Washburn Well and 19-D Complex will add to existing data

e References
— Nye County Cooperative Agreement

e DOE continues to collect additional information for
this area. No additional work needed

e tllirites i,
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Plans for Tracer Tests at Alluvium Testing

Complex and Detailed Stratiﬁraphy and
Results of Aquifer Tests in the complex

e Basis for Resolution

— Testing has begun at the Alluvium Testing Complex. Results will be
incorporated into Saturated Zone Flow and Transport Process Model
Report and associated Analysis Model Reports and will be included

in Total System Performance Assessment - Site Recommendation,
as available

Rorlllrsr80s " "
T T R R TSR
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Tracer Testing at
Alluvium Testing Complex

o Single-well tests in FY 01

— Appropriate Conceptual Transport Model (Extent of Mass Transfer
Between Flowing and Stagnant Water)

e Cross-hole tests in FY 02

— Further Verification of Conceptual Transport Model
— Effective Flow Porosity

— Longitudinal Dispersivity

— Sorption Parameters (comparison to lab values)

— Colloid Transport Parameters

e Supporting Laboratory Transport Tests

— Sieve Analysis of Alluvium Material
— Batch Sorption (Lithium and Radionuclides)
— Column Transport Studies (Sorption and Diffusion)

ca Mountain Project/reliminary Predec};iaaé] Draft Materials Eddebbarh5_Rev1r.ppt
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- Conceptual Transport Models

Advection Only

Advection with
Diffusion into

. Grains

High and Low
Perm. Layered
System with
Interlayer Diffusion

) Active Diffusive Mass Transfer
‘ NonActive Diffusive Mass Transfer

. Reference: work in progress
T D ~l—— —
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Plans for Tracer Tests at
Alluvium Testing Complex

o Single-Well Tests - Three different tracer
injections and withdrawals in the same interval
— 2,4 DFBA and Microspheres with Zero Rest Period
— 2,6 DFBA and lodide with 2-Day Rest Period
— PFBA and Bromide with 30-Day Rest Period

— Flow interruptions may be introduced
o Cross-Hole Tests

— One interval to be selected (may be different from single-well
tests)

— Possibly two different injection wells, with reactive tracer mix
injected into one well

Bl rrrane e i,V R —
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Single-Well Tracer Responses for
Advection-Only Model

1.E+00

—— Any Nonsorbing Tracer

1.E-01 -

1.E-02 -

C/Co

1.E-03 A

1.E-04 -

1 . E"OS 1 1 T 1
0 20 40 60 80 100

Time Since Pumping Began, hrs

- Tracer responses independent of tracer diffusion
coefficient or rest period (assuming no drift or
density effects)

Reference: Work in Progress
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= Single-Well Tracer Responses for
Diffusion Into Grains Model

1.E+00
Flow Interruption
1.E-01 1 —Halide
, 1E021 ——FBA
Zero Rest S
O 1.E-03 4
1.E-04 -
1.E-05 T T : T
0 20 40 60 80 100 120 140 160
Time Since Pumping Began, hrs
1.E+00
1.E-01 1
o 1.E-02 ~
2-Day Rest S ol
1.E-04 A
— 1.E-05 : : ,
0 20 40 60 80 100 120
Time Since Pumping Began, hrs
1.E+00
1.E-01 A
1.E-02 A
30-Day Rest 3
O 1.E-03 +
1.E-04 4
1.E-05 T T T
0 20 40 60 80 100 120
Time Since Pumping Began, hrs
- Relatively short diffusion distances and narrow flow pathways
- Tracers with different diffusion coefficients have different
responses (less diffusive tracer has lower peak and longer tail)
- Very little difference in individual tracer responses at
different rest periods
L/ Reference: work in progress
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Single-Well Tracer Responses for
Layered Model

4. .
1.E+00 212 /\

o 210

Q — N
1E-01 - S ;2: — halide

| —co ——FBA

20 25 30 35 4c

° 1.6-02 - Flow Interruption
&) ~
Zero Rest G 1.E-03 -
1.E-04 -
1.E-05 T T T
0 30 60 90 120 150 180 210 240 270
Time Since Pumping Began, hrs
1.E+00 R
1.E-01 -
1.E-02 A
o
Q
U - -
2-Day Rest €03
1.E-04 A
1.E-05 T T T !
¥ 0 50 100 150 200 250 300 350
Time Since Pumping Began, hrs
o
o
30-Day Rest ©
1.E-05

0 200 400 600 800 1000 1200 1400 1600

Time Since Pumping Began, hrs

- Relatively long diffusion distances and wide flow pathways

- Tracers with different diffusion coefficients have different
responses (less diffusive tracer has higher peak and lower tail)

- Significant differences in individual tracer responses at
different rest periods

Reference: work in progress




Diffusion into Grains Model:
Effect of Grain Size Distribution
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Reference: work in progress
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PQans for Tracer Tes(ts at Alluvium Test(ing
Complex and Detailed Stratiﬁraphy and
Results of Aquif(ecr 'tlfesg)s in the complex

e References

— Saturated Zone Flow and Transport Process Model Report
(TDR-NBS-HS-000001 REV 00 ICN 01)
— Analysis and Model Report Unsaturated Zone and Saturated Zone
Transport Properties (ANL-NBS-HS-000019 REV 00)
e Testing in progress fully addresses this information
need. No additional work needed
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C / /
Conclusions

e This criterion should be closed

— Values of parameters currently used for valley fill aquifer are based
upon evaluation of regional values for similar type deposits and are
supported by information from expert elicitation. Sufficient
information is available to incorporate the uncertainty and variability
into the Total System Performance Assessment

— DOE plans to complete a program of work with the Nye County
Early Warning Drilling Program and at the Alluvium Testing Complex
to confirm these values

— DOE continues to incorporate data gathered through the
cooperative agreement with Nye County

= i
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DOE - NRC Technical Exchange Meeting

Unsaturated Flow and Saturated Flow Under Isothermal Conditions

Acceptance Criteria 2

Delineation of Flow Paths

Nye County
Early Warning Drilling Program
Delineation of Flow Paths
Phase Il Progress
Preliminary Findings

Phase Ill Plans

In Memory

Presented by:

Thomas S Bugo
Consulting Hydrogeologist

Nye County
Nuclear Waste Repository Office
Pahrump, Nevada

1 November 2000
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NYE COUNTY, NEVADA

EARLY WARNING DRILLING PROGRAM B Phase Il Drillholes
DRILLHOLE LOCATIONS ® Phase Il Monitoring Wells

2 @ Phase Il Injection Well
£\ Phase |ll Drillholes

@ Phase | Drillholes




Pian
EWDP Phase |l Progress

Drilling
Aquifer Testing
Water Chemistry Sampling

Preliminary Findings

Water levels
Water chemistry
Stratigraphy
Structures

”

Plan Some More

N

Rethink Again

N

Discuss More

N

Evaluate More

N

Get Told You're Wrong s

\ Drill, Sample, Measure

Process, Metadata, Disseminate

N

Analyze, Evaluate

Think, Discuss, Rethink

Pathway Definition

Define compartment boundaries
Environment of deposition
Post-deposition deformation

Prioritize Compartments

Proximity to Yucca Mountain
Magnitude of fluxes
Proximity to areas of concern




EWDP Phase 2 Progress

Ten wells/six sites alluvial, volcanic, paleospring & carbonate
Conductors casings at three more sites for deeper drilling
Six first water samples from four site
Sampling underway now
One pump spinner test and one 48-hour pumping test
Alluvial Tracer Complex

Completed Wells and Piezometers

Completed
NC-EWDP-2DB 3075’ well with open completion
at Tertiary/Paleozoic contact
NC-EWDP-4PA B 500’ and 800’ piezometers in
alluvium and uppermost Tertiary(?)
NC-EWDP-5SB 500’ piezometer in alluvium
NC-EWDP-7S 53’ piezometer in paleospring
deposits
NC-EWDP-12PA,B,C 390’, 400’, and 250’ for test well
observation
NC-EWDP-19D, 19P 1438’ ATC Test Well and 500’
: piezometer
In Progress
NC-EWDP-3DB 505’ conductor
NC-EWDP-7SC 778’ borehole to be completed as
multiple completion shallow well.
NC-EWDP-12D 68’ conductor for test well

NC-EWDP-15D 607’ conductor




PHASE 2 EWDP PRELIMINARY FINDINGS

WATER LEVELS ARE LOOKING UP

'DEPTH TO GROUNDWATER
SHALLOWER THAN EXPECTED

DEPTH TO WATER (FT)
LOCATION EXPECTED ACTUAL
NC-EWDP-7S 200+ 22+
NC-EWDP-12 200+ 170+
NC-EWDP-15P 300+ 200+

UPWARD GRADIENTS

WELL DEETH
LOCATION  DEPTH TO WATER
NC-EWDP-2D 1,600 ft 312+ ft
NC-EWDO-2DB 3,075 ft 292+ ft
NC-EWDP-4PA 500 ft 345+ ft
NC-EWDP-4PB 800 ft 326+ ft
NC-EWDP-12PA 390 ft 170+ ft
NC-EWDP-12PB 400 ft 170+ ft
NC-EWDP-12PC 250 ft 179+ ft
NC-EWDP-19P 500 ft 365+ ft

NC-EWDP-19D 1,438 ft 348+ ft




NC—EWDP—2DB
Accomplished to Date o Yoen
Conductor to 500 ft Sand and Crave
Drill/Sample to 3,075 ft
Reamed to 2,690 ft 5
Set inner conductor to 2,685 ft s :i_l."’_'-_."ﬁ‘_:'_ e
Began development | ooy son o v

Temperature log to 2,770 ft

== S0t ond Sandy Clay

] Cloysy Sand and Gravel
G Gravel and Boulders
“1 Clayey Sond ond Gravel

Planned Activities

Sandstone, Sitatone and Claystons

Ashflow Tuff (TRAM)

Finish developing with air
Full suite of geophysical logs
Pump spinner log
Forty-eight hour pump test
Sampling & chemical analysis
Evaluate need to core deeper
Evaluate packer testing
Plug stuck casing at 2D
Drill intermediate well

f Siitstone /Claystone
S — Sandy Gravel
Slitstone

& Sandy Claystone
Sandy Claystone

Claystons
Gravel with trace clay

Siity ond Sondy Cloystons
Sandy Coorse Gravel

.E Claystone

E s,

Sandy Clayey Gravel

Conglomeratic Sandetone
Sandy Ci ']

— Joyoy Sitstane

Findings .
N o

Tagged Paleozoics
Probably Cambrian
Hot water (720C) at 2,770 ft
Upward hydraulic gradient
Permeable zone near basal Tertiary
Possible fault gouge ont
Knowledge of Tertiary lacking il
Analogs not applicable

Sondy Clay and Siitstone

cdw:‘:: Shtstons
Limestone

Calcarecus Sondstone and Shtstone
Dolomitic Sand and Sltstone
Dolomite

TD. 3075.0

- Fortymile Wash

Drilled on western edge of

Drilled on pre-Tertiary ridge
dividing Fortymile Wash
and Amargosa Desert
Tertiary basins.

Alluvium is more fine-
grained than alluvium at
NC-EWDP-19P

“Package” of thin pre-Tram
volcanics may be present

Tram Tuff is predominant
volcanic unit present

Sandy gravels and gravel
units within Tertiary
sediments may be channel
deposits. Whatever their
origin, these coarse grained
units likely are preferential
pathways for groundwater
flow.

Lost circulation zone in
conglometrate is likely a
very transmissive zone.

Red clay has been mapped
in outcrops in Furneral
Range as a detachment.

Top of Paleozoic uncertain
pending study of calcareous
units between red clay and
dolomitic limestones.

cltY:
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Caldera comlex

Conceptual distributary sand chan-

1500 nels in Lathrop Wells area
Compartments in Aquifers s
ms=mmm  Compantment Boundary
S, Basin Boundary =
B cotonats aurer %
Bl oo Aqutan 3
- Volcanic Aquifer 2 5]35

Conceptual compartments in pre-Tertiary units

Tertiary sequence NC-EWDP-1D

CONCEPTUAL COMPARTMENTS IN AMARGOSA DESERT




Preliminary Draft Copy for Review

EWDP 19D Spinner Survey
Example Spinner Run @ 30 ft/min

300
Interval:
400 - | )
Upper screens not logged o | {- #1 =
due to location of pump
500 - L 4 =
—|Distance bjetween curves détennines rate-'—
600
#3
700 -{Vvelocity decrease - Slope of line = qualitative |—
“|thief zone or : indicator of permeability [*
movement outside #4
pipe
=
o
a 900 \ % |
#5
\ ‘ Fraotidicated
1000 i -4
Minimal flow below 955 |
1100
#o
1200
=== Down @ 30 FPM
Spinner Implied |——Up@30FPM
1300 - Rate = 160 gpm T === Goreens ; ——
== [nterpretation #7
1400
-40 -20 0 20 40 60 80
Spinner Counts/Sec - cps
Figure 4

QEC Document Ref. 00SHS004.DOC Page 18




Published estimates of groundwater flows from basins tributary to Amargosa Desert.

Sources: Scott et al (1971 and 1971a), Rush (1970), and Walker and Eakin (1963).

Qv BM FF ISV
7 16

e e it vl

: JF RV

8 17

WI\_

Hydrographic Basin Codes

AD - Amargosa Desert

BM - Buckboard Mesa l

CF - Crater Flat y

FF - Frenchman Flat 1 g
ISV- Indian Springs Valley

JF - Jackass Flats - Discharge to

MV- Mercury Valley Death Valley
QV - Oasis Valley

PV - Pahrump Valley All values are in thousands of acre feet per year.

PRIORITIZING THE COMPARMENTS

Depends on proximity to Yucca Mountain, magnitude of fluxes across
model boundaries, and proximity to receptor populations in Amargsoa
Valley now and in the future.

Priority 1 - Jackass Flats, Amargosa Desert, Crater Flat (Proximity)
- hydrostratigraphy within Tertiary basin and bounding Paleozoic highs

- structures within these three basins and along boundaries
- potentiometrics in each major compartment

Priority 2 - Rock Valléy, Buckboard Mesa, Frenchman Flat,
Mercury Valley, Oasis Valley (Fluxes)

- quantify fluxes across compartment boundaries tributary to Priority 1

cll




A

Large Crater Flat-
Yucca Mountain-
Fortymile Wash
basin deepening to
west

Bare Mountain

Large shallow basin in
northwest Amargosa

NV-CA Stateline

Depth to Cenozoic basement
Interpretation from Blakely (et
al,, 1999)

Structural Complexities and Compartmentalization

Separate Early Tertiary Basins

Small deep Frenchman
Flat basin

Numerous large but
shallower basins in
southern Amargosa
Valley. Deeper basin in
California portion of
Amargosa Desert
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Structural Complexities and Compartmentalization

Although the alluvial sediments in NC-EWDP-2DB
and NC-EWDP-19DB are consistent with each other,
the Tertiary stratigraphy in the two wells is quite
different. This difference suggests Miocene and
later fauiting and /or folding between the two wells.

These differences can be explained by the struc-
tural model of detachment faulting described by
Fridrich (1999) but other interpretations should also
be considered. The Early Tertiary basins predate
the detachment faulting.

Bare
Mountain South of
Yucca Mountain
Crater Flat
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- Alternative Infiltration
Scenarios for Yucca Mountain

State of Nevada Sponsored Research

Presented by:
Linda L. Lehman
L. Lehman & Associates, Inc.

70 the DOE/NRC Technical Exchange Meeting
on Grounawater Flow and Travel 7ime,
Denver CO, Nov. 29 - Dec. 1, 1994




Saturated Zone Model

Highly Structure Controlled and Compartmentalized
Self Similar

Interbasin Transfer

Temperature 1s a gqod indicator of pathways

Accurate potentiometric surface is also an indicator of pathways




D Alluvium (Quaternary)

Tuft (Tertiary)

WT-6 Observation Waell

0 1 2 3
I | I _ |

kilometers

_____ “

i Stress State

L. Lehman & Associates, 1994

Figure 1. Location of wells that exhibited different

fitted periodicity at Yucca Mountain with
circles indicating periods of 870 days and
squares indicating periods near 1000 days.




WATER-LEVEL DATA SET RESULTS

TABLE I

Well # Period Phase Shift Amplitude r Slope Cycles
WT-7 1012.2 177.7 0.09 - 0.47 0.000107 1} cycle
WT-10 925.4 182.4 0.7 0.22 0.000074 ~ 2 cycles
WT-12 1240.0 169.8 0.7 0.35 0.000101 ~ 1% cycles
WT-1 889.2 249.5 0.1 0.44 .000191 almost

2 cycles
WT-11 887.7 253.4 0.115 0.58 0.000100 ~ 1% cycles
WT-16 860.6 - 266.9 0.11 0.68 0.000240 ~ 1% cycles
WT-6 2975.2 738.1 1.3 0.75 .00323 ~ % cycle
H-5 1936.8 416.6 0.54 0.45 -0.000044 < % cycle
H-5 1888.4 417.9 0.31 0.28 -0.00033 ~ % cycle



PERCENT DEPARTURE FROM MEAN
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Fig. 5.

Annual Precipitation Totals During Years 1961-1970

From Cochran et al.



Frequency Analysis

e Linearity - structure controlled

e Frequency and phase shift different on each side of the block

e 2.5 year Deviation from mean average annual rainfall
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Fig. 7. Map showing knes of equal heat flow in heat-flow units {1 Hfu=10"% cal cm™ " 57') measured in the
unsaturated zone under Yucca Mountain, modified from Sass et al. (1988).




C.J. Fridrich et al. | Journal of Hydrology 154 (1994, 133-168 : 161

A
(SOUTHEAST)

BEND ¥
SECTION

] USW G- 1
5 UE25-b#1 UE25-P 81
—
\

Lava BEDS OF -~z caLiIco
CALICO HLLS _ g ]
Y [y p——
prow | rasS PROW PASS MEmeen
— 1 e\t 8.

ULLFROG MEMBER
—\ / TRAM LRT

"
AAM MEMBE, -RY ocoer

LITHIC RIDGE
TUFF

" post-utwic- X
-~ RIDGE Lavas ~ R o

PRE-LITHIC *

i
i

RIDGE LAVAS >, ) LITHIC RIDGE TUFF (LRT) . 2=
oo R PLRLY LT g O o S
UNNAMED (e ouDER TUFFS W_ilb;,*n =;
s ,”'} i e ey e e g | N &
RV /7% e b
NS /// /' AMES !” o W S o o e 5 9
W g
o O s o G ) B s % st S 5 o s
A e .
- W -
S e
S S SRS AT T e Ok
s .
oters
o moosoo
Fig. I1. North-to- southeast geologic section across Yucca Mountain showing the interpreted buried

graben. Line of section shown in Fig. 5. Constructed using data from the full suite of lithology logs.
cited 1n the caption of Fig. 4.

the zone of the large gradient; the lowermost part of the volcanic sequence
between these two drill holes probably consists largely of lava flow fronts,
brittle rocks that typically are brecciated during emplacement and, therefore,
may be permeable. The second change is an alignment of lavas (post-Lithic
Ridge lavas) beneath the Crater Flat Tuffs along the zone of large gradient,
and extending about 1-2 km to either side of the large gradient (Fig. 4).
Spengler and Fox (1989) suggested that these lavas were fed by vents loca-
lized along the buried fault zone; this hypothesis is supported by the existing
data on their distribution.

10. Summary of the geologic interpretation

In summary. the six lines of evidence discussed above, along with the
hydrostratigraphic analysis of the volcanic rocks and the analysis of the
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Figure 4. Alternative potentiometric surface with fault locartions and resulting
flow pathways.
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Outline

e Presentation Objectives
e Current Acceptance Criterion Status

e For Subissue 5, Acceptance Criterion 2,
presentation will:

— Summarize technical basis for item resolution
— Identify basis documents (References)

— Summarize technical adequacy of basis
e Conclusions

Note: Additional summary information is provided in the delta analysis

YMP Yucca Mountain Project/Preliminary Predecisidnal Dr-z;f"tha"te}ials Eddebbarh2_Rev1p.ppt



C | |
Presentation Objectives

» Provide the basis for resolving Acceptance Criterion
2 associated with delineation of flow paths

e Subissue 5, Acceptance Criterion 2: Department of
Energy (DOE) has reasonably delineated possible
flow paths from beneath the repository to potential
receptor locations based on data sufficient to
elucidate

— (i) the relative travel distances through aquifers of differing hydrologic
and geochemical properties

— (ii) in fractured-rock aquifers, the portions of flow through rock matrix
and fractures

— (iii) flow directions with respect to the hydraulic gradient, considering
the potential effects of horizontal anisotropy

— (iv) approximate volume fluxes and pore velocities

b iidear e
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YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials Eddebbarh2_Rev1p.ppt 3
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Presentation Objectives
(Continued)

e Subissue 5, Acceptance Criterion 2: Department of
Energy (DOE) has reasonably delineated possible
flow paths from beneath the repository to potential
receptor locations based on data that is sufficient to

elucidate (Continued)

— (v) vertical hydraulic gradients, including the potential for flow
between the Paleozoic carbonate aquifer and the volcanic tuff
aquifer. A sufficient number of wells and exploratory holes should be
drilled, and an adequate number of tests conducted, to reasonably
bound the hydraulic and transport properties of the units
downgradient from the proposed repository

7T e N T —
YMP Yucca Mountain Project/Preliminary Predecisionaliﬁféft‘Materials Eddebbarh2_Rev1p.ppt
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Current Acceptance Criterion 2 Status

e Unsaturated and Saturated Flow under Isothermal
Conditions Issue Resolution Status Report, Rev. 02
indicates that status is partly resolved: flow paths
from the proposed repository to a 20-km distance
appear to be bounded within a relatively narrow arc

e April 2000 Key Technical Issue Status Technical
Exchange identified the Saturated Zone Flow and
Dilution Subissue as open; did not specifically
provide status of Acceptance Criterion 2

V7 T v, . T
YM P Yucca Mountain Project/Preliminary Predecisional Draft Materials Eddebbarh2_Rev1p.ppt
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Acceptance Criterion 2

e Action or information needs identified

— At the April 2000 Key Technical Issue Status Technical Exchange, the
NRC indicated:

* The need existed to show where the water table transitions from the tuffs to
the valley fill or conservatively use the shortest lengths of alluvial transport
paths that can be justified

+ DOE should do Carbon-14 dating of organic carbon in ground-water from
the saturated zone to estimate residence time

— In agenda-setting telecons for this technical exchange, the NRC
requested information on stratigraphy and cross sections from Nye
County wells

P o
TR

YM P Yucca Mountain Project/Preliminary Predecisional Dr;ft" Mlaté'r‘iéIs Eddebbarh2_Rev1p.ppt 6
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Acceptance Criterion 2
(Continued)

e Basis for closure

— Flow paths from beneath the repository to potential receptor
locations have been delineated based upon multiple lines of
evidence including areal distributions of chemical and isotopic data,
and gradients of measured head

— Flow is conservatively assumed to be through the fractures in the
fractured-rock aquifer and not in the matrix

— Uncertainties in hydraulic and transport properties downgradient are
incorporated into Total System Performance Assessment

— Horizontal anisotropy of permeability in fractured tuff units has been
included in Saturated Zone flow and transport simulations for Total
System Performance Assessment-Site Recommendation as an
alternative conceptual model

— The upward gradient, as observed at well UE-25 p#1, is simulated in
the Saturated Zone site-scale flow and transport model

S A
YMP Yucca Mountain Project/Preliminary Predecisional Draft Materials Eddebbarh2_Rev1p.ppt 7



Acceptance Criterion 2
(Continued)
e Basis for closure (continued)

~ The uncertainty in the extent of alluvium in the site-scale flow and
transport model is abstracted as a polygonal region. The dimensions
of the polygonal region are stochastically varied in the Saturated
Zone flow and transport simulations for Total System Performance
Assessment calculations. Planned Nye County wells will help reduce
the uncertainty

— DOE plans to perform Carbon-14 dating of organic carbon in ground-
water from the Saturated Zone

— Information on stratigraphy and correlation diagrams from Nye
County wells is provided in presentation

e This acceptance criterion should be closed

— DOE has appropriately delineated saturated zone flow paths and is
further refining the flow path delineation through additional Fiscal
Year 2001 work

e RPIRE CHIM, kot DU o s a2 o
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Water Table Transition

e Basis for Resolution

— DOE, in cooperation with Nye County, is conducting an extensive
investigation of the stratigraphy of the saturated zone to define the
transition of the water table from tuff to valley fill. Existing
uncertainty is incorporated in the performance assessment

27 TN . R ———
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Water Table Transition Zone and Planned

Nye County Wells
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Water Table Transition
(Continued)

e References

— Saturated Zone Flow and Transport Process Model Report
(TDR-NBS-HS-000001 REV 00 ICN 01)

— Analysis and Model Report Uncertainty Distribution for Stochastic
Parameters (ANL-NBS-MD-000011 REV 00)

— Analysis and Model Report Input and Results of the Base Case
Saturated Zone Flow and Transport Model for TSPA
(ANL-NBS-HS-000030 REV 00)

e This information need has been fully addressed
through saturated zone investigations. No
additional work is needed
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Stratigraphy and Cross Sections from

Nye County Wells

e Basis for Resolution

— DOE has, in cooperation with Nye County, obtained stratigraphic
information

— DOE will develop cross sections and will incorporate new data as
they become available

T TR
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Review of Petrographic Characteristics USW G-1
(modified from Spengler and others (1981))
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Volcanic Stratigraphic Units likely to be

Encountered in Southern Yucca Mountain

Stratigraphic_Unit Age Thickness (maximum)** | Symbol
Timber Mtn Group 12.60* 150 Tm
(Rainier Mesa Tuff)

Paintbrush Group 12.80 4 Tp
(Tiva Canyon Tuff)

Wahmonie Formation 13.08 ? Tw
Prow Pass Tuff 13.13 2 Tep
Bullfrog Tuff 13.31 iy Tcb
Tram 13.35 167 Tct
Lithic Ridge Tuff 14.00 425 Tlr
Rhyolite of eTad 137 R e
Picture Rock = |

*age data from Sawyer and others (_1594) and Warren al_ld others (2660)
**Thickness in feet.
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C.orrelation Diagram of Select Boreholes

along Highway 95
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Salient Features

e Unlike the central part of Yucca Mountain, where
major pyroclastic flow deposits are separated by
several feet of pyroclastic fall deposits,
pyroclastic flow deposits in the vicinity of
Highway 95 are separated by tens to hundreds of

feet of either:

— A combination of pyroclastic fall deposits, reworked tuff, siltstone,
and claystone, or

— Siltstone and claystone with no indication of pyroclastic fall
material

ional Draft Materials Eddebbarh2_Rev1p.ppt 16
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tratigraphy and Cross Sections from
Nye County Wells (Continued)

C

e References

— Cross section information will be included in revised Analysis and
Model Report Hydrogeologic Framework for the Saturated-zone
Site-scale Flow and Transport Model

e This information need is being addressed by work
to be completed in FY 2001. No additional work

needed
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Carbon-14 Dating

e Basis for Resolution

— DOE plans to perform Carbon-14 dating but believes it is not
necessary for closure of this acceptance criterion because DOE has
used stratigraphic data, hydraulic information, and hydrochemistry
data to adequately delineate flow paths

e References

— Saturated Zone Flow and Transport Process Model Report
(TDR-NBS-HS-000001 REV 00 ICN 01)

— Analysis and Model Report Calibration of the Site-Scale Saturated
Zone Flow Model (MDL-NBS-HS-000011 REV 00)

— Analysis and Model Report Geochemical and Isotopic Constraints on
Groundwater Flow Directions, Mixing, and Recharge at Yucca
Mountain, Nevada (ANL-NBS-HS-000021 REV 00)

o Sufficient information exists on the Saturated Zone
Flow network to support acceptance criterion
closure

WP Yucca Mountain Project/Preliminary Predecisional Draft Materials Eddebbarh2_Rev1p.ppt 18



Conclusions

e This criterion should be closed

— Flow paths from beneath the repository to potential receptor locations
have been delineated based upon multiple lines of evidence
including areal distributions of chemical and isotopic data, and
gradients of measured head. There is sufficient information available
to incorporate uncertainty into the Total System Performance
Assessment

— Hydraulic and transport properties downgradient have been
bounded, and additional testing is ongoing to reduce uncertainty

— Carbon-14 dating of organic carbon in groundwater is expected to
confirm residence time estimates
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Outline

e Presentation Objectives
o Current Acceptance Criterion Status

e For Subissue 5, Acceptance Criterion 3,
presentation will: