UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 2055&-0001

August 04, 1997
MEMORANDUM TO:

N. King Stablein. Acting Chief
Engineering and Geosciences Branch
NMSS/DWM/ENGB

FROM:

Neil Coleman, Hydrogeologist
NMSS/DWM/ENGB
Latif Hamdan, Hydrogeologist
NMSS/DWM/ENGB

SUBJECT:
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TRIP REPORT: EXPERT ELICITATION WORKSHOP ON THE SATURATED
ZONE AT YUCCA MOUNTAIN, NEVADA. MEETING ONE. JUNE 4-6, 1997:
MEETING TWO, JULY 22-23, 1997: FIELD OBSERVATIONS AT YUCCA
MOUNTAIN AND SHOSHONE MOUNTAIN, NEVADA, JUNE 7-9, 1997

Saturated Zone Expert Elicitation. First Meeting
On June 4-6. Neil Coleman and Latif Hamdan attended an Expert Elicitation (EE)
workshop sponsored by the Department of Energy (DOE). The workshop was held
at the Federal Center in Denver, Colorado. The purpose of the workshop was
for DOE and its contractors to present to and discuss with the expert panel
available data and technical issues concerning the saturated zone at Yucca
Mountain YM).
The workshop was primarily conducted by Geomatrix Consultants. Panel members
included Lynn Gelhar (Massachusetts Institute of Technology). Don Langmuir
(Colorado School of Mines), Shlomo Neuman (University of Arizona), Chin-Fu
Tsang (Lawrence Berkeley National Laboratory), and Allan Freeze (professional
consultant). Other participants included representatives from DOE and its
contractors, U.S. Geological Survey (USGS). a consultant to the State of
Nevada. Nuclear Waste Technical Review Board (NWTRB), and the Center for
Nuclear Waste Regulatory Analyses (CNWRA).
This was the first of three EE workshops on the saturated zone planned by DOE.
These workshops are intended to obtain individual professional opinions from
independent experts on the groundwater flow and radionuclide transport in the
saturated zone, including their opinions about uncertainties in the available
database, alternative models, and model and data interpretations.
Saturated Zone Exert Elicitation. Second Meeting
The second meeting of the expert elicitation was held on July 22-23 in Las
Vegas. Nevada. Whereas the first meeting focused on available data sets for
YM, this one examined alternative models and interpretations for the saturated
zone. We had an opportunity to summarize for the panel our issue resolution
status report on climate issues, which had been issued on June 30th of this
year (letter from N. Stablein. NRC. to S. Brocoum, DOE). The third workshop I
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in this series is scheduled for August 11-12 of this year. It will include
elicitation training for the panel, discussion of the technical bases for
assessments and estimates of uncertainty, and open debate of issues, models,
and uncertainties.
Observations
The meetings were used as concentrated information-gathering sessions.
Despite the short notice for the first meeting, the presenters did a good job
of showing what is known about the site. Alternative and even controversial
views were presented. For example, alternative views were presented for the
cause of the apparent large hydraulic gradient located north of the YM site.
Although there is no full consensus on the issue, many investigators now
suspect that perched water may be responsible for the apparent large gradient,
an interpretation which has long been favored by John Czarnecki (USGS). The
DOE has just begun drilling of well WT-24 to try to conclusively resolve the
issue of the large hydraulic gradient. In general, the elicitation process we
observed is an excellent example of scientific inquiry into the state of
knowledge of the saturated zone at YM. We believe this view should be shared
with DOE management.
The first meeting centered around technical presentations by representatives
of the USGS. The presenters gave an overview of the site and regional
hydrology and discussed the available data concerning the hydraulic
characteristics of geologic formations, water level trends, groundwater
recharge and discharge rates (including evapotranspiration losses and
discharge from springs and wells), groundwater chemical characteristics
(including isotope data, heat flow, and radionuclide sorption and solubility).
Results of paleoclimate and paleohydrology studies were also presented.
Several organizational roblems were identified concerning the first meeting.
Attendees were given relatively short notice. The panel members did not
receive technical reports to review in advance, and also did not receive a
preliminary list of elicitation questions prior to or during the workshop.
owever, all of these problems were corrected by the time of the scond
meeting. More advance notice was provided, along with a list of references
given to the panel (Attachment 1). A preliminary list of key issues to be
addressed during the formal elicitation was also provided (Attachment 2). The
final agendas for both meetings are provided as Attachments 3 and 4.
Attachment 5 is a list of conclusions about regional groundwater responses to
climate changes, which was presented to the panel by J. Paces (USGS).
Finally, Attachment 6 is a letter from Perry Montazer (Multimedia
Environmental Technology, Inc.) to Nick Stellavato (Nye County Nuclear Waste
Repository Project Office) that addresses the previous unsaturated zone expert
elicitation. The letter comments on the interaction between the expert
elicitation panel and Yucca Mountain Project scientists. Montazer reports
that his "...impression of the outcome of the [Expert Elicitation Project]
Report is very good." His letter is an independent commentary on important
unsaturated zone issues.
Based on the presentations to the expert panel, the USGS has become aware of
the significance of saturated flow paths within alluvium. DOE has done little
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characterization work in the saturated alluvium because previously the focus
was to characterize the subsurface out to a radius of 5 km from YM. Some
characterization of flow and transport paths in the alluvium may be needed
during the post-viability assessment period to support staff reviews of a
possible license application.
According to the current USGS flow models, groundwater flow in the uppermost
part of the saturated zone is southeasterly toward and eventually parallel to
and beneath Fortymile Wash. Out to a distance of about 15 km. the saturated
zone lies entirely within the Tertiary volcanics. Beyond 15 km the zone of
saturation includes thick deposits of alluvium. The exact point of transition
is unknown because no wells exist there. The hydrologic properties of the
alluvium probably approximate those of a porous medium and should be easier to
simulate than the fractured tuff aquifers. Also, the alluvium probably has
higher effective porosities than the tuffs, and includes a significant
fraction of clay minerals that should contribute to radionuclide retardation.
Over thousands of years. surface-water discharge events along Fortymile Wash,
especially during pluvial episodes, could provide considerable dilution for
groundwater contaminants that may be present beneath the wash.
Based on the USGS data, we are currently evaluating the possibility of
alternate flow directions that may or may not have an effect on possible
radionuclide transport paths.
Field Observations at Yucca Mountain and Shoshone Mountain
After the expert elicitation workshop was completed on June 6th,
Gordon Wittmeyer (CNWRA) and Neil Co eman flew to Nevada to participate in
field studies with other CNWRA staff and consultants. Specific details of
this trip will be provided in a CNWRA trip report. but highlights are
presented here.
The group visited Yucca crest to examine the cause of a vegetation lineament
seen on aerial photographs. Shallow excavations revealed that a half-dozen
desert shrubs were rooted within a subsoil fracture with an aperture of
several centimeters. The plants evidently take advantage of enhanced moisture
conditions within the fracture zone.
We also visited several sites that may serve as analogs for future climatic
conditions at YM. One site was "The Prow," located in the northern part of
YM. Its crest occurs at an elevation of over 5800 ft and supports a community
of about 200 juniper (Juniperus) trees, along with various shrubs, such as
sage (Artemisia). blackbrush (Coleogyne). and Mormon tea (Ephedra). It
appears that the junipers root within fracture zones wherever possible, and
that they take advantage of the shallow bedrock that tends to channel overland
flow into these preferential openings. It is possible that the junipers exist
in this environment only because of the unique conditions of shallow soil and
bedrock structure.
The group visited the crest of Shoshone Peak, which has a summit elevation of
7058 ft. The drive north through Topopah Wash revealed large areas that had
been burned by wildfires. These areas are now populated by Bromus sp. (Red
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Chess and Cheat Grass), alien grasses of southern European origin that are
infesting large areas of the Western United States. The presence of these
invasive grasses may inhibit the reintroduction of native species to these
burned areas. The higher elevations of Shoshone support a relatively diverse
community of pinyon pine (Pinus), juniper (Juniperus), and small oaks
(Quercus). Precipitation in recent years has been sufficient to permit seed
growth, based on the presence of very young trees.
Finally, sightings of two live desert tortoises were reported to site
authorities. The discovery of dormant gastropods living within scree slopes
at the site was also reported. They evidently remain dormant until large
precipitation events occur, when they emerge and begin a new reproductive
cycle. Subsequent drying of their environment would cause them to return to
dormancy. The presence of these snails in the scree slopes is qualitative
evidence that periods of elevated moisture occur within these environments.
perhaps indicating enhanced infiltration.
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GEOMATRIX

SATURATED ZONE EXPERT ELICITATION PROJECT
REFERENCES DISTRIBUTED TO EXPERT PANEL
THROUGH JULY 18, 1997
Andrews, R.W., Sevougian, S.D., Lee, J.H., Mishra, S., McNeish, J.A., 1995, Executive
Summary in Total System Performance Assessment -1995: An Evaluation of the
Potential Yucca Mountain Repository; prepared for the U. S. Department of Energy,
Yucca Mountain Site Characterization Project by TRW, Las Vegas, Nevada.
Bakker, M., Anderson, E.I., Strack, O.D.L., and Olsthoorn, T.N., 1996, An Analytic Element
Model of the Death Valley Region: unpublished report, February.
Barr, G.E., Shannon, S.A., Wilson, M.L., 1994, Chapter 11- Saturated-Zone Models in TotalSystem Performance Assessment for Yucca Mountain - SNL Second Iteration (TSPA1993): Volume 1: Sandia Report, SAND93-2675,p. 11-1 to 11-37.
Bedinger, M.S., Sargent, K.A., Langer, W.H., Sherman, F.B., Reed, J.E., and Brady, B.T.,
1989, Studies of geology and hydrology in the Basin and Range province,
southwestern United States, for isolation of high-level radioactive waste - basis of
characterization and evaluation: U.S. Geological Survey Professional Paper 1370-A.
Benson, L.V., and McKinley, P.W., 1985, Chemical composition of ground water in the
Yucca Mountain area, Nevada, 1971-84: U.S. Geological Survey Open-File Report
85-484, Interagency Agreement DE-A108-78ET44802.
Civilian Radioactive Waste Management System, Management and Operating Contractor,
1997, Unsaturated Zone Flow Model Expert Elicitation Project: report submitted to
U.S. Department of Energy (accepted by DOE in June 1997, Final Report not
published).
Cooley, R.L., 1997, Confidence intervals for ground-water models using linearization,
likelihood, and bootstrap methods: U.S. Geological Survey Water Resources
Division.
Craig, R.W., and Robison, J.H., 1984, Geohydrology of rocks penetrated by test well
UE-25p#1, Yucca Mountain area, Nye County, Nevada: U.S. Geological Survey
Water-Resources Investigations Report 84-4248.
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SATURATED ZONE EXPERT ELICITATION PROJECT
REFERENCES DISTRIBUTED TO EXPERT PANEL
THROUGH JULY 18, 1997
Czarnecki, J.B., 1990, Geohydrology and Evapotranspiration at Franklin Lake Playa, Inyo
county, California: U.S. Geological Survey Open-File Report 90-356.
Czarnecki, J.B., Faunt, C.C., Gable, C.W., and Zyvoloski, G.A., Preliminary threedimensional finite-element ground-water flow model of the site saturated zone, Yucca
Mountain, Nevada: U.S. Geological Survey Milestone SP23NM3: Site Saturated
Zone Model Synthesis Report (Draft).
D'Agnese, F.A., Faunt, C.C., Turner, A. K., and Hill, M.C., 1966, Hydrogeologic evaluation
and numerical simulation of the Death Valley regional ground-water flow system,
Nevada and California: U. S. Geological Survey Water-Resources Investigations
Report 96-XXXX.
D'Agnese, F.A., Faunt, C.C., and Turner, K.A., 1997, An estimated potentiometric surface of
the Death Valley region, Nevada and California, developed using geographic
information systems and automated interpolation techniques: U.S. Geological Survey
Water-Resources Investigations Report 97-4052.
Dudley, W.W., Jr., and Larson, J.D., 1976, Effect of irrigation pumping on desert pupfish
habitats in Ash Meadows, Nye County, Nevada: U.S. Geological Survey Professional
Paper 927.
Electric Power Research Institute, 1996, Yucca Mountain Total System Performance
Assessment, Phase 3-Executive Summary, Chapter 7 (F. Schwartz et al., A
composite variably-saturated hydrology module for risk-based evaluation of highlevel waste repositories), and Chapter 8 (F. Schwartz, The saturated zone: assessment
of water table change and regional flow): report prepared by John Kessler, EPRI and
Robin McGuire, Risk Engineering, Inc., TR-107191,.Final Report, 3055-02.
Fridrich, C.J., Dudley, W.W., Jr., and Stuckless, J.S., 1994, Hydrogeologic analysis of the
saturated-zone ground-water system, under Yucca Mountain, Nevada: Journal of
Hydrology, 154, p. 133-168.
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SATURATED ZONE EXPERT ELICITATION PROJECT
REFERENCES DISTRIBUTED TO EXPERT PANEL
THROUGH JULY 18, 1997
Geldon, A.L., Umari, A.M.A., Earle, J.D., Fahy, M.F., Gernmell, J.M., and Darnell, J., 1997,
Analysis of a Multiple-Well Interference Test in Miocene Tuffaceous Rocks at the CHole Complex, May-June 1995, Yucca Mountain, Nye County, Nevada: U.S.
Geological Survey Water-Resources Investigations Report (pending approval).
Graves, R.P., Tucci, P., and O'Brien, G.M., 1997, Analysis of Water-Level Data in the Yucca
Mountain Area, Nevada, 1985-95: U.S. Geological Survey Water-Resources
Investigations Report 96-4256.
Hale, G.S., and Westenburg, C.L., 1995, Selected ground-water data for Yucca Mountain
region, Southern Nevada and Eastern California, calendar year 1993: U.S. Geological
Survey Open-File Report 95-158, Interagency Agreement
DE-A108-92NV10874.
Hill, M.C., 1997, A comprehensive approach to effective model calibration: U.S. Geological
Survey, preliminary draft.
Kilroy, K.C., 1991, Ground-water conditions in Amargosa desert, Nevada-California, 195287: U.S. Geological Survey Water-Resources Investigations Report 89-4101.
Laczniak, RJ., Cole, J.C., Sawyer, D.A., and Trudeau, D.A., 1996, Summary of
Hydrogeologic Controls on Ground-Water Flow at the Nevada Test Site, Nye County,
Nevada: U.S. Geological Survey Water-Resources Investigations Report 96-4109.
Lehman, L.L., and Brown, T.P., 1996, Summary of State ofNevada-funded studies of the
saturated zone at Yucca Mountain, Nevada: performed by L. Lehman: L.Lehman and
Associates, Inc., Report, p. 1-44.
Luckey, RR., Tucci, P., Faunt, C.C., Ervin, E.M., Steinkampf, W.C., D'Agnese, F.A., and
Patterson, G.L., 1996, Status of understanding of the saturated-zone ground-water
flow system at Yucca Mountain, Nevada, as of 1995: U.S. Geological Survey, WaterResources Investigations Report 96-4077.
Perfect, D.L., 1994, Creation and Analysis of a Hydrochemical Data Base for the Death
Valley Region, Nevada and California: Thesis for Masters in Engineering Degree at
the Colorado School of Mines, Golden, ER-4369.
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GEOMATRIX

SATURATED ZONE EXPERT ELICITATION PROJECT
REFERENCES DISTRIBUTED TO EXPERT PANEL
THROUGH JULY 18, 1997
Rice, W.A., 1984, Preliminary Two-Dimensional Regional Hydrologic Model of the Nevada
Test Site and Vicinity: Sandia National Laboratories Report, SAND83-7466,
Unlimited Release, UC-70.
Sass, J. H., Lachenbruch, A. H., Dudley, Jr., W.W., Priest, S.S., and Munroe, R.J., 1988,
Temperature, thermal conductivity, and heat flow near Yucca Mountain, Nevada:
some tectonic and hydrologic implications: U.S. Geological Survey Open-File Report
87-649.
Savard, C.S., 1995, Selected hydrologic data from Fortymile Wash in the Yucca Mountain
area, Nevada, Water Year 1992: U.S. Geological Survey, Open-File Report 94-317.
Savard, C.S., 1996, Selected hydrologic data from Fortymile Wash in the Yucca Mountain
area, Nevada, Water Years 1993-94: U.S. Geological Survey, Open-File Report 95709.
Sevougian, S.D., Mishra, S., Xiang, Y., Dunlap, B.E., Duguid, J.O., Houseworth, J.E., 1995,
Chapter 7 - Unsaturated- and saturated-zone flow and transport in Total System
Performance Assessment -1995: An Evaluation of the Potential Yucca Mountain
Repository; prepared for the U. S. Department of Energy, Yucca Mountain Site
Characterization Project by TRW, Las Vegas, Nevada.
Triay, I. R., Meijer, A. , Conca, J. L., and others, 1997, Summary and synthesis report on
radionuclide retardation for the Yucca Mountain Site Characterization Project:
Milestone 3784M, Los Alamos National Laboratory, 286 p. plus appendices.
TRW Environmental Safety Systems Inc., 1997, Saturated zone flow and transport
abstraction/testing workshop results: Civilian Radioactive Waste Management
System, Management & Operating Contractor, BOOOOOOO-01717-2200-00190.
U.S. Geological Survey, 1969-70, Topographic Maps for Kingman, Las Vegas, Trona,
Goldfield, Death Valley, and Caliente Quadrangles, Scale 1:250,000.
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SATURATED ZONE EXPERT ELICITATION PROJECT
REFERENCES DISTRIBUTED TO EXPERT PANEL
THROUGH JULY 18,1997
U.S. Nuclear Regulatory Commission, 1997, Issue resolution status report on methods to
evaluate climate change and associated effects at Yucca Mountain: Office of Nuclear
Material Safety and Safeguards.
Williams, D., 1996, Letter Report: Results Hydra/Conservative Tracer Tests C-Wells: WBS
1.2.3.3.1.3.1, Deliverable I.D. No. 3GWF660M, August.
Winograd, I.J., and Thordarson, W., 1975, Hydrogeologic and Hydrochemical Framework,
South-Central Great Basin, Nevada-California, with Special Reference to the Nevada
Test Site: U.S. Geological Survey Professional Paper 712-C.
*

In addition to these publications, data on hydraulic properties of hydrogeologic units are
provided (Information Package #2 - 6/25/97), as described on the summary table.

*

Information Package #3 (7/08/97):
1. CD-ROM containing IT/GeoTrans regional model report and data, with
installation instructions
2. Cross-section, N-S, from the site hydrogeologic framework model and
location map
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PRELIMINARY
KEY ISSUES
SATURATED ZONE EXPERT ELICITATION
The questions that will be asked at the individual elicitation interviews are expected to address the
following key issues. The list is tentative because the final set of specific interview questions will be
developed at or following the third workshop. It is important that the final set of questions be
developed through iterative interaction of the experts with the methodology development team and
be based on the information presented and discussed at the workshops. The following list of key
issues is being provided as guidance to the experts and has been developed based on issues that have
been identified by the saturated zone flow and transport modelers as being related to key technical
uncertainties.
Conceptual model of ground-water flow in the saturated zone beneath the potential repository.
Magnitude and direction of the advective ground-water flux vector in the saturated zone immediately
beneath the potential repository.
Conceptual model of ground-water flow in the saturated zone down-gradient from the potential
repository.
Conceptual model of solute dilution within the saturated zone down-gradient from the potential
repository.
Applicability and quantification of large-scale transport parameters, such as dispersivity and mixing
depth.
Applicability and quantification of minimum KD approach for representing the chemical retardation
of major radionuclides, such as Tc, Np, I and Pu.
Applicability of c-holes hydraulic- and tracer-test data to provide flow and transport parameters for
incorporation intG Jhe site-scale SZ flow and transport model.
Methods for estimating/measuring regional recharge and discharge to provide boundary conditions
for the site model.
Use of geochemical data to characterize regional and site-scale saturated-zone flow-system
characteristics.
Incorporation of the effects of future climate change on transport of radionuclides downgradient
from the repository.
Conceptual model of the large hydraulic gradient and the impact of this feature on transport of
radionuclides downgradient from the repository

Extent of past rise in the water table beneath the repository in response to climate change or
disruptive events.
An evaluation of possible thermallchemicallmechanical alterations to the SZ system in response
to the repository.
Estimates of geochemical conditions relevant to radionuclide transport in the SZ, specifically Eh
and pH.
The possible influence of colloidal transport of radionuclides.
The degree of flow channelization at intermediate to large scales in the SZ as it relates to
radionuclide transport (i.e., at what scales can we assume an effective porosity/continuum
model and what are the values of effective fracture frequency for smaller than continuum
scales).
In addition to the above set of topics, questions related more specifically to flow and transport
modeling issues will be asked in order to enhance the models that are being used to support
performance assessments of the potential repository system at Yucca Mountain.
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FINAL AGENDA
WORKSHOP ON SIGNIFICANT ISSUES AND AVAILABLE DATA
SATURATED ZONE EXPERT ELICITATION (SZEE) PROJECT
June 4-6, 1997
Building 810, Core Research Center Lecture Hall
Denver Federal Center
Purpose: The purpose of the workshop is to introduce the expert panel to the SZEE project, to
summarize the significant issues related to the saturated zone process models for the total system
performance assessment (TSPA), and to summarize the various available data sets related to these
significant issues.
Approach: Significant issues will be discussed that have emerged from previous modeling of the
saturated zone flow and transport system and from incorporation of that modeling into the TSPA.
The bulk of the workshop will entail presentations and discussions of the various data developed
over the past several years to characterize the saturated zone in the Yucca Mountain region. The
workshop provides an opportunity for the experts on the panel to gain a first-hand understanding of
the data, their uncertainties, and the course of the remainder of the project.
WEDNESDAY, JUNE 4
Welcome (T. Bjerstedt, DOE)
1:00 - 1:05
Introduction to SZEE and Purpose of Workshop (K. Coppersmith, Geomatrix)
1:05 - 1:45
Overview of Yucca Mountain Project (M. Pendleton, M&O)
1:45 - 2:15
SZ Flow and Transport: Issues of Importance to Total System Performance
2:15 - 3:00
Assessment (W. Arnold, SNL)
3:00 - 3:15
Break
Overview of Site and Regional Hydrology & Modeling (P. Tucci, USGS)
3:15 - 4:00
4:00 - 4:45
Regional and Site Hydrogeologik Framework (C. Faunt, USGS)
4:45 - 5:00
Comments from Observers
THURSDAY, JUNE 5
HYDRAULIC CHARACTERISTICS
Previously Published Regional and Site Hydraulic Data (C. Faunt, USGS)
C-Well Testing (M.J. Umari, USGS)
WT-Well and G-2 Testing, and Frequency-Response
Analysis (G. O'Brien, USGS)
10:15 - 10:30 Break

8:30 - 9:00
9:00 - 9:45
9:45 - 10:15

WATER LEVEL DATA AND TRENDS
10:30 - 11:00

Regional Water-Level Data and Estimated Potentiometric Surface
(F. D'Agnese, USGS)
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11:00- 11:30
11:30- 12:00
12:00- 1:00

Water-Level Data and Trends at Yucca Mountain (R. Graves, USGS)
Water-Level Data at Well USW G-2 and Possible Implications (J. Czarnecki, USGS)
Lunch

RECHARGE
1:00 - 1:30
1:30 - 2:00
2:00 - 2:45

Recharge in the Yucca Mountain Area (J. Czarnecki, USGS)
Fortymile Wash Recharge Estimates (C. Svard, USGS)
Regional Recharge Estimates Using a Modified Maxey-Eakin Approach
(F. D'Agnese, USGS)

DISCHARGE
2:45 - 3:15
3:15 - 3:30
3:30 - 4:00
4:00 - 4:30
4:30 - 4:45

Regional Evapotranspiration Estimates Using Remote Sensing and 3-D GIS
(F. D'Agnese, USGS)
Break
Evapotranspiration at Franklin Lake Playa (J. Czarnecki, USGS)
Regional Springs and Pumpage (F. D'Agnese, USGS)
Comments from Observers

FRIDAY, JUNE 6
HYDROCHEMISTRY
8:30 - 9:15
9:15 - 10:00

Site and Regional Hydrochemical Data (W. Steinkampf, USGS)
Isotope Data (Z. Peterman, USGS)

10:00- 10:15

Break

10:15 - 10:45

Radiocarbon Data (E. Kwicklis, USGS)

PALEODISCHARGE
10:45 - 11:15

Isotopic Data (J. Paces, USGS)

HEAT FLOW
11:15

-

12:00

Regional Data (W. Dtlley, USGS)

12:00- 1:00

Lunch

1:00 - 1:30

Regional Setting and Available Temperature/Heat Flow Data (J. Sass, USGS)

CLIMATE CHANGE
1:30 - 2:00

Scenarios (R. Forester, USGS)

RADIONUCLIDE SORPTION AND SOLUBILITY
2:00 - 2:45
2:45 - 3:00
3:00 - 3:30
3:30 - 4:00
4:00 - 4:30

Laboratory Sorption and Diffusion Studies (I. Triay, LANL)
Break
SZ Mineralogy (D. Vaniman, LANL)
Hydrochemical influences (A. Meijer, LANL)
Where do we go from here? (K. Coppersmith)

4:30 - 5:00

Comments from Observers

5:00

Adjourn
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GEOMATRIX

FINAL AGENDA
ALTERNATIVE MODELS AND INTERPRETATIONS WORKSHOP
SATURATED ZONE EXPERT ELICITATION PROJECT
July 22-23, 1997
Holiday Inn-Emerald Springs
Las Vegas, Nevada
Purpose: The purpose of this workshop is to review the key issues and uncertainties
associated with the saturated zone in the Yucca Mountain region. Alternative models and
interpretations related to regional ground water flow modeling, site-scale flow modeling,
transport modeling, and conceptual models of saturated ground water flow will be discussed,
and any additional data needed to conduct the elicitations will be identified.
TUESDAY, JULY 22,1997
8:00 - 8:15
Introduction and purpose of workshop (K Coppersmith, Geomatrix)
8:15 - 8:45
Key issues to be addressed by SZEE expert panel (B. Arnold, SNL)
REGIONAL GROUND WATER FLOW MODELING
8:45 - 9:30 USGS model parameter estimation (M. Hill, USGS)
9:30 - 10:15 USGS model construction, calibration, and evaluation (F. D'Agnese, USGS)
10:15-10:30 Break
10:30 - 11:15 Model nonlinearity and uncertainty analysis (D. Cooley, USGS)
11:15 - 12:00 Hydrochemical evaluation of flow paths (C. Faunt, USGS)
12:00- 1:00
1:00 - 1:45

Lunch
Evaluation of climate change (F. D'Agnese, USGS)

1:45 - 2:30
2:30 - 3:15

Nevada Operations regional groundwatr model (RL Waddell, HSI/Geotrans)
Preliminary results from the Bulhion tracer test (R. Waddell, HSI/Geotrans)

3:15 - 3:30

Break

3:30 - 4:15
Climate change (N. Coleman, NRC)
4:15 - 5:00
Conceptual models and model abstractions (G. Wittmeyer, CNWRA)
SITE-SCALE GROUND WATER FLOW MODELING
5:00 - 5:45
Hydrogeologic fiamework for the site-scale flow model (C. Faunt, USGS)
5:45 - 6:00

Comments from Observers
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WEDNESDAY, JULY 23,1997
SITE-SCALE GROUND WATER FLOW MODELING, continued
8:00 - 8:45
FEHM modeling of flow and transport (G. Zyvoloski, LANL)
8:45 - 9:30
USGS model construction, calibration, and evaluation (J. Czarnecki, USGS)
TRANSPORT MODELING
9:30 - 10:15 Transport modeling: results and sensitivity (B. Robinson, LANL)
10:15 - 10:30 Break

10:30 - 11:15 Reactive tracer testing at the C-Wells (J. Turin, LANL)
11:15- 12:00 Matrix diffusion and dispersivity (B. Robinson, LANL)

12:00- 1:00 Lunch
CONCEPTUAL MODELS OF GROUND WATER FLOW PROCESSES
1:00 - 1:45
Compartmentalization of the SZ system (L. Lehman, State of Nevada)
1:45 - 2:30
Alternative models for the steep hydraulic gradient (W. Dudley, USGS)
2:30 - 3:15

Channelization and distribution of permeability (B. Arnold, SNL)

3:15 - 4:00
4:00 - 4:45

Flow and transport modeling for TSPA-93 and -95 (G. Barr, SNL)
Flow and transport modeling for the EPRI performance assessment
(J. Kessler, EPRI)
Comments from Observers
Adjourn

4.45- 5:00
5:00
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CONCLUSIONS
REGIONAL GROUND-WATER REPONDS TO CLIMATE-INDUCED
'CHANGES IN EFFECTIVE MOISTURE, INFILTRATION AND RECHARGE.
> "Down-gradient sites were active intermittently throughout the last 200 ka.
> Most recent activity ceased around 12-16 ka at higher elevations on the
north side of Amargosa Valley and slightly later (9-10 ka) at lower elevation
on south side of valley.
> Spring activity is synchronous at widely distributed deposits throughout the
Amargosa Valley and adjoining valleys.
> Paleontology indicates variety of spring-fed marsh, wetland and open-pool
environments. Diatoms suggest a freely flowing, "warm" (20-40 0C), lowsalinity, alkaline spring systerm.
> Oxygen isotopes suggest that water temps were cooler than present-day
springs discharging from the regional aquifer or that recharge occurred at
lower elevations in the past.
> U, Sr, and carbon isotope data indicate discharge from a regional aquifer
rather than from surface or perched sources. However, hydrochemical data
at most sites is lacking.
> Linkage of discharge to the SZ requires elevated WT up to 100 m ( 20 m)
above present-day surface in southern Crater Flat.
> WT fluctuations occurred repeatedly at times that correlate closely to wetter
portions of last two pluvial cycles.
> No evidence for substantial lag times between WT high-stands and timing
of cooler, wetter pluvial conditions based on surface records.
> Higher WT elevations may be the "normalm state for 60 to 80% of the time
during the last 200 ka.
> Tectonic (Death Valley) model of monotonic decline in WT elevations is
inappropriate for Yucca Mountain system.
> Likely that higher WI elevations will occur in future.
> WT lowering of at least several m occurred in historical times.
> Past GW discharge volumes are unknown, but estimates are possible
based on present-day relations at Ash Meadows.
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July 8, 1997

Mr. Nick Stellavato
On-Site Geotechnical Representative
Nye County Nuclear Waste Repository Project Office
P.O. Box 2389
Pahrump, Nevada 89041

Dear Nick:
SUBJECT:

Comments on presentations made to NWTRB, June 1997

I am writing this letter to comment on the interaction between the Expert Elicitation

Panel (EEP) reviewers and the YMP scientists. Although I have not reviewed the
EEP Review report in detail, the following comments may clarify some of the issues
raised at the meeting. I will produce a detailed comment on the EEP report at a later
time. My overall impression of the outcome of the EEP Report is very good. We
should extend our appreciation to DOE for providing us with the opportunity to
observe the review process.
LATrRAL FLOW: It appears that there has been a unanimous consensus among
the EEP that the lateral flow in the Ptn i insignificant. Their conclusion seems to
have been based on simplified models and the averages of unsaturated hydraulic
properties of the Ptn.
Response/Evaluation: The most convincing evidence of lateral flow in the Ptn is
probably the 36C1 results. Majority of the 36C1 peaks have been associated with major
structural features such as faults and fractured zones. Analysis of the pneumatic data
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from boreholes in the Tiva Canyon Welded Unit (TCWU) by various organizations in
YW and Nye County show that pneumatic conductivity of the TCWU is more or
less the same for faulted and non-faulted areas of this formation. Other surficial
observations also suggest that the infiltration into this unit is not significantly
different between the faulted and non-faulted exposed areas. Based on conceptual
models and testing, it appears that the infiltration into this unit is mostly controlled by
the type and thickness of the alluvial cover which does not necessarily coincide with
faulting.

This means that the distribution of infiltration in the TCWU is not

controlled by faulting.

Therefore, if lateral flow was not a significant factor in

redistribution of percolation into the mountain, one would expect the 36C1 distribution
to be correlated with the distribution of infiltration in the TCWU. This is not the
case, otherwise, the highest "Cl peaks would have been found beneath the Yucca
Ridge where Allen Flint's model predicts to have relatively high infiltration rates.
Granted that the 36C1 sampling distribution is not spatially complete to firmly support
this conclusion. This can probably be better clarified by 36C sampling along the E-W
drift.
There has been mention of fracturing and faulting in the Ptn. Although it is very hard
to prove by any observations, the material properties of the Ptn makes it very unlikely
to maintain any fractures while buried under the TCWU. The fact that fractures are
observed in outcrops

d even in the ESI does not indicate the presence of these

fractures under 300-400 feet of overburden. The Ptn matrix is very deformable and
self-healing. Also, even if minor fractures are present, they cannot contribute to flow
because of the large matrix permeability. Water always preferentially flows in the
matrix at low ambient saturation of the Ptn.
The only major disturbance in this unit that could be attributed to the faulting is the
smearing of the heterogeneity of its layered system and reduction in its lateral
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diversion capacity. Lateral flow in the Ptn is mostly caused by its persistent, although
non-uniform, layering. The bottom layer of Ptn consists of the upper-most layer of
the Topopah Spring Member of the Paintbrush Tuff. Except for areas that have
experienced paleo-erosion, this layer is present. It has lower conductivity than the
rest of the unit and, it is this contrast in conductivity, assisted with the hydraulic
gradient provided by the gentle dip of the Ptn, that promotes lateral flow. Faulting
has smeared this layering system and has caused lateral heterogeneity that promotes
perching or localized increased saturation, thereby, creating a preferred vertical
pathway for water flow from Ptn to Topopah Springs. That is why, '6C1 bomb pulse
is mostly detected near fault zones.
VENTILATION:
There was a discussion regarding the importance of ventilation studies. It should be
noted that Nye County has been encouraging and was the first to propose conducting
ventilation studies in the ESF. Analysis of the data has provided significant insight
into the potential performance of the repository.
In the presentations, Dr. Shlomo Neuman indicated that he has used a value of 50
mm/yr as the upper bound for the percolation flux. He based this on the calculations
made by Joe Wang of LBL from the humidity data collected during the weekend
ventilation shut cjwn.
Response/Evaluation: First, the process of this recovery needs to be well understood
before making an inference to it as water percolation flux. During the week when
ventilation is in operation, the humidity in the tunnel is lowered by circulation of the
dry desert air at a humidity of around 15%. The humidity during the working weeks
in the tunnel usually dropped down to 60 to 80% during excavation of the North
Ramp (see data on Nye County's web page www.nyecounty.com).
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weekend, the humidity rose to equilibrate with the air in the fractures and matrix of
the formations intersected by the tunnel. Because most of the length of the tunnel
was exposed to the TSWU which is highly fractured, most of the tunnel air was in
communication with the fracture air. The matrix developed a thin dry skin that could
not produce much vapor and slowly equilibrated with the wet matrix within the rock.
The completion of this liquid flow equilibration required a time frame in the order of
weeks or months because of the very low matrix permeability of the TSWU, even
though, the matric potential gradient was increased by one or two orders of
magnitude. On the other hand, the water potential is reduced by three to four orders
of magnitude at the surface of the fractures (estimated using the Kelvin's equation
and the humidity near the tunnel walls). This created a vapor pressure gradient that
caused significant movement of vapor towards the tunnel along the fractures. The
fractures are highly permeable and the diffusion coefficient is almost that of the air
within larger and more open fractures. There was very little change in the saturation
in the fractures because the air pressure gradient imposed by the tunnel ventilation
was not large enough to mobilize the pendular rings in the fractures. Therefore, most
of the flow of water was in the form of vapor through the fractures.

he fractures are

very well connected to a vast reservoir of vapor at a humidity of 98% or more (at
equilibrium with the matric potential of about -10 bars in the matrix). Therefore, the
50 mm/yr calculated by Wang is mostly flow of water vapor and not liquid water. To
use this value as a bound for liquid percolation flux is not justified solely based on
ventilation results. However, it may be justified using other arguments as described
below.
Another problem with interpretation of the humidity data is the amount of water that
was used during excavation of the tunnel. As has been documented, during most of
the excavation period, wet surfices and standing water extended hundreds of feet
from the excavation face of the tunnel. During the weekend, a majority of the water
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vapor in the tunnel was produced by evaporation from these wet surfaces. There is no
way to separate the amount of vapor contributed by evaporation from the wet surfaces
and that which has come from the fractures in TSWU. Furthermore, calculations by
Nye County has indicated that the infiltration of the construction water could have
penetrated tens of feet into the rock. Therefore, a great deal of the vapor was also
contributed by the artificial increase in moisture content of the TSWU. Therefore,
attributing the entire 50 mm/yr to the vapor flux from the TSWU is not appropriate.
Even if on assumes that all the vapor was contributed from the TSWJU, the vapor flux
is not equivalent to the liquid flux. Because the vapor that flows or diffuses into the
tunnel along the fractures is contributed from a radius of influence exceeding tens of
meters (effects has been seen at NRG-4 which is 15 meters away). With fracture
frequency exceeding I per meter in the TSWU provides a surface area that is
hundreds of times greater than a cylinder coaxial with the tunnel. That is, if one
considers a cylinder ten meters in radius and calculated the area of thefractures in that
cylinder between the tunnel wall and the 10 meter radius, the surface area of the
fractures is hundreds of times greater than the surface area of a 10-meter radius
cylinder (which is used to calculate the flux). The liquid flux is towards the fracture
surfaces. The fractures intersecting the tunnel are mostly near perpendicular to the
axis of the tunnel, therefore, the flow of liquid water towards them is in a direction
nearly parallel to this xis. Therefore,

e actual flux of the liquid in the matrix

should be divided by the surface area of the fractures and not by the area of the
cylinder. I am sure that we will end up with a flux close to the matrix hydraulic
conductivity of the TSWU, which is about lmm/yr. Off course, the depleted moisture
in the matrix near the tunnel will eventually be replenished by the liquid reservoir
away from the tunnel, but at a rate of about 1mm/yr and not 50 mm/yr.
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A more appropriate upper bound for the percolation flux would be the vertical
permeability of the Ptn. As Montazer and Wilson (1984) indicated, this value could
be as high as 98 mm/yr at total saturation under unit vertical hydraulic gradient. No
evidence has been found to suggest that such conditions exist at Yucca Mountain on a
pervasive scale. Locally and along fault zones, saturation of lower Ptn has been
observed (as in UZ-4). Paleo-hydrologic evidences also do not support a pervasive
saturation of the Ptn. Therefor, an upper bound may be sought somewhere in between
current condition and the saturation of the Ptn. It is possible the 50 mm/yr of Dr.
Neuman is reasonable, but the justification for using this number should not be
founded on ventilation results.
Another related subject is the effect of ventilation on the repository design.

A

detailed study of the ventilation effect needs to be conducted to negate or support Nye
County's ventilation modeling and simulation results. Since Nye County's studies
show that temperature in the tunnel can be maintained below 70 degree C and
probably lowered to within 30 degree C, it would be important to resolve this issue
before conducting the heated block test. Currently, the heated block test is designed
to evaluate conditions that may not be present if the results of Nye County's
ventilation scenarios are proven to be valid and viable. If Nye County's repository
design concepts are proved valid and viable, special testing in the ESF would need to
be inclemented. Such tests are not currently planned.
COUPLING ATMOSPHERE WITH TOUGH:
The NWTRB indicated an interest in coupling atmospheric and subsurface processes
in TOUGH2. Nye County has been supportive of this concept and has been using ATOUGH developed by Montazer in 1992 for this purpose. Montazer has provided
several free copies to YMP scientists and DOE personnel for review. Recently, Nye
County has sponsored importing this capability to T2VOC and TOUGH2, which are
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more recent versions of the TOUGH family of codes. These codes have been used to
evaluate evaporation from the tunnel surfaces and Nye County is in the process of
using it to evaluate infiltration at Yucca Mountain. In application of the code to the
conditions at Area 5 of the Nevada Test Site, Montazer has observed that infiltration
rates calculated by the conventional methods are usually overestimated because most
of these

methods ignore the significance

of evapotranspiration and the

thermodynamics of the near-surface processes in a desert environment. Therefore,
Nye County supports the NWTRB's interest in coupling of the atmosphere with
TOUGH2. I believe that the evapotranspiration at Yucca Mountain is much more
pronounced than those used in the current models. Current models do not allow
negative infiltration (evaporation loss) during dry years as a result of vapor flux
which could be significant.
EAST-WEST DRIFT: The east west drift provides an opportunity to take advantage
of the knowledge gained and mistakes made during the ESF tunnel excavation.
NWTRB admirably noticed the gap in the excavation effect testing. Although these
tests were planned and designed by Montazer during preparation of the site
characterization plan, they were eliminated during construction of ESF. The tests
currently planned as part of the heated block test and other tests cannot provide useful
hydraulic information because of the severe disturbance of the ambient conditions by
wet drill and blast operations Boreholes drilled ahead of the ESF with dry drilling,
tested and instrumented for hydraulic, pneumatic and mechanical states would
provide valuable information about the pre and post excavation of the drift with the
TBM. The repository will be constructed in the same way as the ESF and the E-W
drift are constructed, not by drill and blast (and hopefully not by using as much water
as is used in construction of the Thermal Alcove). Therefore, it would be prudent to
examine the conditions under which the repository will be constructed.
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excavation effect test designed for the Exploratory Shaft of the 1987 SCP can be
readily adapted to the horizontal drift (by rotating the drawings 90 degrees).
Also, before the gaseous and isotopic nature of the rock mass is disturbed by the drift,
both gas and rock samples should be collected and analyzed for various
environmental isotopes and gaseous chemicals. The

36C1

results for the ESF are

mostly questionable because of the contamination introduced with water during
construction.

Pre-excavation sampling and analysis of the rock will provide a

baseline to compare with the results of the post-excavation sampling. Nye County
has been observing environmental gaseous compounds in ONC#1.

These

environmental gases are providing information about the age of water and gases as
well as potential bacterial activities at depths exceeding 1200 feet. Both of these
information are crucial in design of the repository at Yucca Mountain.
Please do not hesitate to call me with any questions or comments at (714) 852-9767.
Very truly yours,
Perry Montazer, Ph.D., RG., C.E.G., C.P.G.
President and Principal Hydrologist
Multimedia Environmental Technology, Inc.

cc:

Mr. Les Bradshaw / Nye County
Mr. Mal Murphy/
Mr. Phill Niedzielski-Eichner / Governmental Dynamics
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