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January

U.S. Nuclear Regulatory Commission
Division of Waste Management

'11~ Geotechnical Branch
MS-623-SS
Washington, DC 20555

Attention: Mr. Jeff Pohle, Project Officer
Technical Assistance in Hydrogeology - Project B (RS-NMS-85-009)

Re: NNWSI Site Familiarization Report, Subtask 1.1

Dear Mr. Pohle:

This cover letter transmits to the NRC staff the Site Familiarization Subtask
Report for NNWSI, Subtask 1.1 of Contract No. RS-NMS-85-O09. This report has
been prepared by the Dr. David McWhorter and Mr. Lyle Davis of the staff of
Water, Waste and Land, the site team for NNWSI, under subcontract to Nuclear
Waste Consultants. The report has received a management and technical review
by Mark Logsdon and Adrian Brown of Nuclear Waste Consultants.

Nuclear Waste Consultants calls to your attention several specific technical
matters concerning the hydrology of the site that have been raised by Water,
Waste and Land in their review of the conceptual models of the hydrogeology in
the NNWSI literature. These technical matters include:

1. Determination of net infiltration in the unsaturated zone.

2. The effectiveness of a capillary barrier in the fractured,
unsaturated tuff. '

3. The nature and importance of vapor phase flow and transport.

4. The effects of thermal loading of the repository on the hydrology of
the unsaturated system.

Based on our review of the NNWSI literature and the work of other NRC
consultants under previous contracts, Nuclear Waste Consultants considers that
the earlier work on the geologic framework of te hydrologic system provides a
useful initial step in formulating and evaluating conceptual models of the
site. It is our intention that this work should be pursued under subsequent
subtasks for NWSI. However, we concur with Water, Waste and Land that there
are specifically hydrologic aspects of the conceptual model as proposed to
date by DOE that need to be addressed in a timely fashion, also. We consider
that the matters raised by Water, Waste and Land in this report, and other,
similar concerns that will continue to be raised, can be profitably analyzed
starting at an early time in the program, in keeping with our understanding of
the intent of the Statement of Work.
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The Statement of Work for all three tasks calls for comment on the NRC staff's
hydrologic issues. Water, Waste and Land has commented briefly in this
report, per the SOW. Nuclear Waste Consultants and its subcontractors will be
preparing a letter report to the NRC staff concerning the proposed NNWSI Issue
Hierarchy. It is our intention to broaden the scope of that letter report to
address related matters that arise in the NRC's issues.

The submission of this letter report meets the contractual deliverable for
Subtask 1.1 of Contract Number RS-NMS-85-009 and completes the NNWSI Site
Familiarization subtask.

If you have any questions concerning this report or related matters, please
contact me immediately.

Respectfully submitted,
NUCLEAR WASTE CONSULTANTS, INC.

Mark J. Logsdon, Project Manager

Att: NNWSI Site Familiarization Report, Subtask 1.1

cc: US NRC - Director, NMSS (ATTN: PSB)
DWM (ATTN: Division Director) - 2
Barry Bromberg, Contract Administrator
WMGT (ATTN: Branch Chief)

M. Galloway, TTI
R. Knowlton, DBS

bc: L. Davis, WWL

Nuclear Waste Consultants, Inc.
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Water, Waste & Land, Inc.
CONSULTING ENGINEERS & SCIENTISTS

/ 'Itl

December 31. 1985

Nuclear Waste Consultants, Inc. v
8341 So. Sangre de Cr1sto Road
Suite 6
Littleton, O 80127

Attention: Mr. Adrian BrownD Project Director

Re: Site Familiarization Report, Subtask 1.1

Dear Mr. Brown:

This letter serves as our report for Subtask 1.1, Site Familiarization, as
required by our subcontract with Nuclear Waste Consultants. After your
review of this report, please forward it to Jeff Pohle at the US Nuclear
Regulatory Commission.

Background

Nuclear Waste Consultants, Inc.. (WC) was awarded NRC project RS-MNS-8S-009
entitled "Technical Assistance in Hydrogeology - Project B - Analysis" on
September 28. 1985. Water, Waste and Land* Inc.. (WWL) is subcontracted to NWC
as the group responsible for review of hydrogeologic investigations of the
Nevada Nuclear Waste Storage Investigation Project (NNlSI). David McWhorter,
the NNWSI Project Director for WWL, and I attended the kickoff meeting held
October 22-25. 1985, at NRC offices in Silver Spring, MD. At this meeting we
met with personnel from both the Geotechnical Branch and the Repository
Projects Branch of the Waste Management Division of NRC as well as personnel
from Williams and Associates, the contractor awarded NRC Project RS-MNS-85-008
entitled "Technical Assistance in Hydrogeology - Project A - Testing."

In addition to meeting personnel involved with the project we were able to
obtain a copy of the Draft Environmental Assessment (EA) for the Yucca Mountain
Site as well as NRC comments which relate to the Draft EA. We also reviewed a
bibliography of documents relating to the NNWSI project and requested
approximately 162 documents relating to hydrogeology of the site. To date we
have received 157 of the papers requested. The following five documents were
requested but have not yet been received:

1311 South College Avenue, Fort Collins, Colorado 80524 (303) 482-1147
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DOE/NWTS-33(3), NTS Program Criteria for Mined Geologic Disposal of
Nuclear Waste, Repository Performance and Development Criteria,
prepared by NWTS/Battelle for DOE, July, 1982, USNRC Log
Number: 00683.

LA-9706-MS, Levy, Petrology of Samples from Drill Holes USW H3, H4,
and H-5, Yucca Mountain, Nevada, by Los Alamos National
Laboratory, No Date, USNRC Log Number: 01500.

SAND82-1977, McTigue, An Effective Stress Principle for Partially
Saturated Media, by Sandia for DOE, August. 1985, USNRC Log
Number: 01459.

UCRL-53574, Oversby, Reaction of Bullfrog Tuff with J-13 Well Water
at 120 C by LLL, July 18, 1984. USNRC Log Number: 01672.

83-4067, Doty, Water Table in Rocks of Cenozoic and Paleozoic Age,
1980, Yucca Flat, Nevada Test Site, Nevada, Water Resources
Investigations Report by USGS, 1983, USNRC Log Number: 01484.

Document Data Base

Because of the large number of documents relating to. the hydrogeology of
the Yucca Mountain Site, a computerized data base was created to facilitate
management of the library of available information. Figure 1 presents the form
used to prepare the necessary information to be Input to the data base and also
outlines the general structure of the data base. At the present time 195
documents have been entered nto the data base and cataloged for rapid
retrieval. Currently only pertinent bibliographic information (title, author,
date, document number, etc.) have been entered because only a few of the
documents have actually been reviewed by our staff due to the large number of
documents available and the relatively short time frame allotted for completion
of this subtask. As documents are reviewed, the data basewill be updated and
additional documents will be entered as they become available. A listing of
documents which are currently available to the WL staff is presented as
Attachment A to this report. Although not included n the listing, we have
also received a number of miscellaneous documents such as letters, data
tabulations, etc., which are being cataloged and filed. Included in these
documents is a series of letters and miscellaneous papers relating to the
Exploratory Shaft. These papers will be reviewed informally by Dr. McWhorter
and myself during January.

Site Familiarization

Our current familiarization and understanding of the hydrogeology has been
derived primarily from the following documents:

DOE, 1984. Draft Environmental Assessment, Yucca Mountain Site, Nevada
Research and Development Area, Nevada, DOW/RG-0012.
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Montazer, P. and W. E. Wilson, 1984. Conceptual Hydrologic Model of Flow in
the Unsaturated Zone, Yucca Mountain, Nevada. USGS, Water-Resources
Investigations Report 84-4345.

Wang, J. S. Y. and T. N. Narasimhan, 1984. Hydrologic Mechanisms Governing
Fluid Flow in Partially Saturated, Fractured Porous Tuff at Yucca
Mountain. Lawrence Berkeley Laboratory, LBL-18473.

NRC, 1985. Comments on DOE Draft Environmental Assessment for Yucca
Mountain Site, March 20.

We reviewed these documents with the intent of gaining an overview perspective
of the hydrogeology and some insight to the current thinking of specific
hydrologic mechanisms that play key roles at the Yucca Mountain Site. In so
doing we developed several impressions and concerns that will act to guide
further n-depth review. These impressions and concerns are discussed very
briefly below. We recognize that our review to date is rather cursory and
that any or all of the impressions and concerns we raise here may turn out to
be unfounded or resolved upon further study of available documents.

History

Prior to passage of Public Law 97-425, the Nuclear Waste Policy Act of 1982,
several alternatives for disposing high-level radioactive wastes were
investigated. In May, 1981, DOE selected disposal in mined geologic
repositories as the preferred method and Congress concurred as outlined in
Section 111(b)(1) of Public Law 97-425 which was passed in 1982. Preliminary
screening of suitable sites began in the mid 1950's and until 1977 was limited
mainly to salt sites. In 1977, the volcanic rocks of the Pasco Basin of
Washington and the Southern Great Basin of Nevada were added to the list of
sites considered to be acceptable for a waste repository on the basis of land
use. Areas on or contiguous to the Nevada Test Site NTS) were considered
appropriate since a majority of these lands are currently under government
control. Initially nine rock types and 15 locations were identified as
potentially acceptable. Based on screening criteria, the Yucca Mountain Site
was selected as the preferred location for a repository in the vicinity of NTS
and tuff was selected as the preferred host rock. Of the four tuff rock units
initially considered, the welded Topopah Spring Member of the Paintbrush Tuff
was selected as the target horizon for a repository. At Yucca Mountain
unsaturated conditions exist within this rock unit. In February, 1983, the
Yucca Mountain Site was identified as a potentially acceptable site.

The Conceptual Model

Obviously, the salient hydrologic feature of the Yucca Mountain site with
relevance to a radioactive waste repository is the very thick section of
unsaturated welded and nonwelded tuff. Evidently, the quantity of water moving
in this unsaturated, fractured system Is flux controlled, governed by the
near-surface phenomena of infiltration and subsequent evapotranspiration. Even
though potential evapotranspiration greatly exceeds the estimated precipitation
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(150 mm/yr), it is believe that, perhaps, as much as 3 percent of the
precipitation becomes net infiltration (i.e., deep percolation).

It seems that the quantity of net infiltration Is a key issue in understanding
the unsaturated hydrology of the site. So far we have uncovered only indirect
and, sometimes, contradictory evidence relating to the actual quantity of net
infiltration. Insofar as the flux of net nfiltration may be of the same order
as the saturated permeability of the matrix in the Topopah Springs Member, it
seems critical that the flux of net infiltration be resolved with substantial
confidence.

The concept of a capillary barrier is invoked to support an argument for
enhanced lateral flow at the contact between the Tiva Canyon welded unit and
the underlying Paintbrush nonwelded unit. It is supposed that this has the
effect of diminishing the vertical flux that passes nto the Topopah Springs
Member. This appears to be a second critically important aspect that remains
inadequately investigated. It is not clear to us how effective such a barrier
is under the circumstances at Yucca Mountain. Air entrapment below this
contact is discussed as further diminishing the flux into the Paintbrush
nonwelded unit. We question the effectiveness of this mechanism. It depends
upon the relative permeability to air being practically zero in the overlying
Tiva Canyon, a circumstance that would be very temporary if it should occur at
all. Even in the fractured Tiva Canyon, it seems more likely that sporadic
infiltration events will be greatly damped and practically steady state
conditions will prevail at the base of the Tiva Canyon unit. In any case, this
appears to be an important aspect that must be resolved.

It is our impression that the very thick, fractured, unsaturated system
that exists at Yucca Mountain is one in which water vapor transport may be
critical to understanding the hydrology. Ordinarily, the quantities of water
moved by vapor transport are insignificant relative to those that occur by bulk
liquid phase flow. While the possibility of vapor transport effects are
acknowledged in the documents reviewed, essentially no investigation has been
made, apparently.

Waters that eventual ly pass through the unsaturated zone evidently enter a
saturated ground-water aquifer that is part of the Death Valley system. It was
stated that waters of this system do not enter neighboring ground-water
systems. While we do not dispute this contention, we note no evidence in
support thereof.

Thermal Effects

Little or no discussion of the unsaturated hydrology affected by elevated
temperatures around the repository was included in documents reviewed to date.
It appears that this may be an important factor, given the unsaturated
conditions of the site. It appears possible that a situation of
counter-current flux of vapor and liquid water could occur; the liquid flux
being toward the repository and the vapor flux being directed away from the
repository. Vapor and liquid transport coefficients for both temperature and
water content gradients are required for analysis. We note no mention of these
coefficients. Overall, it appears that an analysis of combined water and heat
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transfer will be required to understand the water flow during the period of
elevated temperatures.

Issues

As outlined in the Request for Proposal, part of subtask 1.1 was to be directed
at the review of "Hydrology Issues for Nevada Nuclear Waste Storage
Investigations Project", NNKSI STP-1.O, Draft, August, 1984. We have reviewed
the ssues as presented n this document and currently have no additions,
deletions, or modifications to the issues as presented. In general, the
presented issues are broad enough to cover both the regional and site specific
groundwater concerns of placing a repository at Yucca Mountain. Our concerns,
as presented in the previous discussion, on the other hand, are directed at
some of the specific questions that we feel need to be addressed in order to
arrive at answers to the issues as presented in STP-1.O. In addition, we will
be re-evaluating the NRC issue list as part of our Review of DOE Issue
Hierarchy during January.

Summarv

In conclusion, we have successfully completed the Site Familiarization subtask
of the project. In so doing, we have gained a basic understanding of the
hydrogeology of the Yucca Mountain area. We are also cognizant of the large
amount of literature that is available regarding the general hydrology and
geology of the Yucca Mountain vicinity and have established a library of
the pertinent documents for reference during subsequent tasks to be performed
as part of this project. This should allow these tasks to be performed in the
most efficient manner possible.

If you have questions or if we can in any way be of assistance to you during
your review of this document, do not hesitate to contact us.

Sincerely'

WATER, WASTE AND LAND. INC.

Lyle A. Davis
Project Manager

LAD:dml
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A-1

1. , , Nevada Nuclear Waste Storage Investigations Project Monthly
Report August 1985, Aug.1985, WLI 81

2. , , Nevada Nuclear Waste Storage Investigations Project Monthly
Report September, 1985, Sep#1985. WWLI: 90

3. , U.S. Department of the Interior Geological Survey and University
of Nevada System Desert Research Institute, Long-Range Hydrologic
Program, 1973, WWLI: 167

4. , McNeely, . G., Jr., Forcasts for the Future-Agriculture, 1974,
WWL: 191

5. Ann Arbor Science Publishers, Scott, R. B., Spengler, R. W., Diehl, S..
Lappin, A. R., and Chornack, M., Geologic Character of Tuffs in the
Unsaturated Zone at Yucca Mountain, Southern Nevada, 1983, W 97

6. AT(29-1)789, Tyler, L. D., Evaluation of Tuff as a Waste Isolation
Medium, ?, WWL: 181

7. QGS/8116R028, Reade, M. T., and McKay, E. D., Geology and Hydrology of
Yucca Mountain and Vicinity, Nevada Test Site, Mar,1982, WWLI: 75

8. CONF-791016, Gardiner, D. A., and Truett, T., Proceedings of the 1979 DOE
Statistical Symposium Sep,1980, WWLI: 77

9. DOE/NV/10295-1, uade, J., and Tngleys J. V. A Mineral Inventory of the
Nevada Test Site, and Portions of Nellis Bmbing and Gunnery Range,
Southern Nye County, Nevada, Sept,1983, WLI: 38

10. DOE/RW-0012o DOE Office of Civilian Radioactive Waste Management, Draft
Envi ronmental Assessment Yucca Mountain Site, Nevada Research and
Development Area, Nevada. Dec.1984, WWLI: 76

11. Draft. Science Applications International Corporation Meteorological
Monitoring Plan for the Nevada Nuclear Waste Storage Investigations
Project Yucca Mountain Site, Nov,1984, WWLI: 177

12. ERDA-1551, Energy Research & Development Administration, Final
Environental Impact Statement Nevada Test Site Nye County, Nevada,
Sept.1977, WWLI 39

13. IAEA-SM-243/37. Erdal, B. R., Bayhurst, B. P.. Crowe, B. M., Daniels, W.
R., Hoffman, D. C., Lawrence, F. O., Syth, J. R., Thonpson, J. L.,
and Wolfsberg, K., Underground Disposal of Radioactive Wastes
Proceedings of a Symposium on the Underground Disposal of Radioactive
Wastes Jointly Organized by the International Atumic Energy Agency
and the OECD Nuclear Energy Agency and Held at Otaniemi, Finland, 2-6
July .1979 Volume II, 1980, WJ: 117
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14. LA-10003-MS, Warren, R. G., Byers. F. M., Jr., and Caporuscio. F. A.,
Petrography and Mineral Chemistry of Units of the Topopah Spring,
Calico Hills and Crater Flat Tuffs, and Older Volcanic Units, with
Emphasis on Samples from Drill Hole USW G-1 Yucca Mountain, Nevada
Test Site, June,1984# WWLI: 54

15. LA-10154-PR, Crowe, B. M.. and Vaniman, D. T., Research and Development
Related to the Nevada Nuclear Waste Storage Investigations January 1
- March 31,1984, Feb, 1985, WWJL: 46

16. LA-10177-M, Lane, L. J.. Surface Water Management: A Userts Guide to
Calculate a Water Balance Using the CREAMS Model, Nov,1984, WWLJ:
144

17. LA-10188-MS# Ogard, A. E., and Kerrisk, J. F., Groundwater Chemistry
Along Flow Paths Between a Proposed Repository Site and the
Accessible Environment, Nov.1984. WWLh 48

18. LA-10242-MS, Lane, L. J. and Nyhan, J. , Water and Contaninant Movement:
Migration Barriers, Nov.1984, WWL1: 145

19. LA-10263-MS, Perkins, B Travis, B., and DePoorter, G., Validation of the
TRACR3D Code for Soil Water Flow Under Saturated/Unsaturated
Conditions in Three Experiments, Jan,1985, WLI: 161

20. LA-10297-PR, Rundberge R. S., Ogard, A. E., and Vantman, D. T.. Research
and Development Related to the Nevada Nuclear Waste Storage
Investigations April 1 - June 30, 1984, May,1985, WWL1 52

21. LA-10299-PR, Ogard, A. E., and Vaniman, D. T., Research and Development
Related to the Nevada Nuclear Waste Storage Investigations July 1 -
September 30,1984, May,1985,v WWLI: 53

22. LA-10415-MS, Carlos, B. Arney. Minerals in Fractures of the Unsaturated
Zone from Drill Core USW G-4, Yucca Mountain, Nye County. Nevada,
May,,1985P WWLI: 47 s

23. LA-8110-MS, Vine, E. N., et al., Sorption-Desorption Studies on Tuff
II. A Continuation of Studies with Samples from Jackass Flats, Nevada
and Initial Studies with Samples from Yucca Mountain, Nevada,
Jan.1980, WL: 185

24. LA-8139-MS, Sykes, M. L., Heiker, G. H., and Smyth, J. R., Mineralogy and
Petrology of Tuff Units from the UE2Sa-1 Drill Site, Yucca Mountain,
Nevada, Nov.1979, WWL#: 45

25. LA-8747-MS, olfsberg, K., et al., Sorption-Desorption Studies on Tuff
III. A Continuation of Studies with Samples from Jackass Flats and
Yucca Mountain, Nevada, May,1981, WWLI: 190

26. LA-8844-MS, Carroll, P. R., and Waters, A. C., Preliminary Stratigraphic
and Petrologic Characterization of Core Samples from USW-G1, Yucca
Mountain, Nevada, Nov,1981, WLI 44
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A-3

27. LA-9000-MS, Carroll, P. I., Caporuscio, F. A., and Bish, D. L., Further
Description of the Petrology of the Topopah Spring Member of the
Paintbrush Tuff n Drill Holes UE25A-1 and US*-G1 and of the Lithic
Rich Tuff n USW-G1, Yucca Mountain, Nevada, Nov,1982, WL#: 43

28. LA-9021-MS, Bish, D. L., Detailed Mineralogical Characterization of the
Bullfrog and Tram Members n USW-G1, with Emphasis on Clay
Mineralogy, Oct,1981, WWLI: 42

29. LA-9328-MS, Daniels, W. R., et al., Summary Report on the Geochemistry of
Yucca Mountain and Environs, Dec,1982, WWLI: 116

30. LA-9332-MS# Norris, A. E., et al., Geochemistry Studies Pertaining to the
G-Tunnel Radionuclide Migration Field Experiment, Nov#1982, IIWLI:
158

31. LA-9471-MS, Walter, G. R., Theoretical and Experimental Determination of
Matrix Diffusion and Related Solute Transport Properties of Fractured
Tuffs From the Nevada Test Site, Oct.1982, WWLI 49

32. LA-9667-MS, Travis, B. J., TRACR3D: A Model of Flow and Transport in
Porous/Fractured Media, May. 1984, WWLI: 88

33. LA-9912-MS, Kerrisk, J. F., Reaction-Path Calculations of Groundwater
Chemistry and Mineral Formation at Rainier Mesa. Nevada, Dec,1983,
WWLI: 50

34. LA-9995-MS, Kerrisk, J. F., Solubility Limits on Radionuclide Dissolution
at a Yucca Mountain Repository. May,1984, WWLi 51

35. LA-UR-81-3141, Erdal, B. R., Wolfsberg, K., Rundberg, R. S., Daniels, W.
R., Fortney, D. L., Erickson, K. L., Friedman, A. M.# Fried, S., and
Hines, J. J., Nuclide Migration Field Experiments in Tuff, G Tunnel,
Nevada Test Site, Nov,1981, WLI: 118

36. LA-UR-84-332, Bish, D. L., Ogard, A. E., ang1 Vaniman. D. T.,
Mineralogy-Petrology and Groundwater Geochenistr; of Yucca Mountain
Tuffs, 1984, WWLf: 101

37. LA-UR-84-40, Travis, B. J., Hodson, S. W., Nuttall, H. E., Cook, T. L.,
and Rundberg, R. S., Preliminary Estimates of Water Flow and
Radionuclide Transport in Yucca Mountain, 1984, WWL: 85

38. LA-UR-9174-PR, Blacic, J., Carter, J., Halleck, P., Johnson, P.,
Shankland, T., andersen, R., Spicochi, K., and Heller, A., Effects of
Long-Term Exposure of Tuffs to High-Level Nuclear Waste Repository
Conditions: Preliminary Report, ?, WWLI: 102

39. LASL, Rundberg, R. S., Thompson, J. L., and Maestas, S., Radionuclide
Migratton: Laboratory Experiments Wtth Isolated Fractures, Nov.1981,

WWLI: 164
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40. LBL-18473, Wang, J.S.Y. and Narasimhan T.N., Hydrologic Mechanisms
Governing Fluid Flow in Partially Saturated, Fractured. Porous Tuff
at Yucca Mountain, Oct. 1984, WWLI: 1

41. MRSSP-v.26, McVay, G. L., Scientific Basis for Nuclear Waste Management
VII Symposium held November 1983 in Boston, Massachusetts, U.S.A..
1984, WWLI: 94

42. NRC-04-81-224, Kilbury, R. K., Water Intake at the Atmosphere-Earth
Interface in a Fractured Rock System, Nov.1984, WLI: 84

43. NUREG/CR-2782, Thomas, S. D., Ross, B., and Mercer, J. W., A Summary of
Repository Siting Models, July#1982, WWL{: 78

44. NUREG/CR-3680, Schrauf, T. W., and Evans, D. D., Relationship Between the
Gas Conductivity and Geometry of a Natural Fracture, April#1984#
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45. NVO-196-22, United States Department of Energy, Geologic and Hydrologic
Investigation of Yucca Mountain Peer Review Documentation,
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46. NVO-196-24 (Rev. 5), NO, Bibliography of the Published Reports, Papers#
and Articles on the Nevada Nuclear Waste Storage Investigations by
Nevada Operations Office, (original, rev. 1 (81/11)., rev. 2 82/06).
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47. NVO-269, Bowen, J. L., and Egami, R. T., Atmospheric Overview for the
Nevada Nuclear Waste Storage Investigations# Nevada Test Site& Nye
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48. NVO-283, French, R. H., Elzeftawy, A., and Elliot, B.. Hydrology and
Water Resources Overview for the Nevada Nuclear Waste Storage
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49. NVO-284, French, R. H., Elzeftawyo A., Bird, J., and Elliot, B.,
Hydrology and Water Resources Overview for the Nevada Nuclear Waste
Storage Investigations, Nevada Test Site, Nye County. Nevada,
June,1984, WWLI: 74

50. Rev.Sci.Instrum.53(8), Trimmer, D., Laboratory Measurements of Ultralow
Permeability of Geologic Materials, Aug,1982# WLft 184

51. Rough Draft, Levy, S. S., Petrology of Samples From Drill Holes USK H-3,
H-4, and H-5 Yucca Mountain, Nevada, , WWLI 95

52. SAND79-1197C, Iman, R. L., Davenport, J. M., Waddell, R. K., Stephens H.
P., and Leap. D. I., Sensitivity Study of the Parameters of the
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From Welded Tuff, Apr.1980, WLI: 130
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