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

February 28, 1986 WWL *4001

Nuclear Waste Consultants, Inc.

8341 So. Sangre de Cristo Road

Suite 6
Littleton, CO 80127

Attention: Mr. Adrian Brown, Project Director

Re: Data Management Report, Subtask 1.2

Dear Mr. Brown:

This letter serves as our report for Subtask 1.2, Data Inventory and

Management, 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

Water, Waste and Land, Inc. (WWL) Is a subcontractor for Nuclear Waste

Consultants (NWC) which Is a prime contractor for NRC Project RS-MNS-85-009

entitled "Technical Assistance In Hydrology - Project B - Analysis." The group

at WWL Is responsible for review of hydrogeologic Investigations of the Nevada

Nuclear Waste Storage investigations Project (NNWSI). As part of the contract,

Subtask 1.2, Data Inventory and Management, requires submission of a letter

report to the NRC outlining the status of the Data Inventory and Compiled

Database.
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DATA BASE DESCRIPTION

All of the data which has been made available to WWL Is In the form of

draft or final reports and published papers. Some of these documents contain

analyses and Interpretations as well as raw data while others contain only

Interpretations and generalizations based on data contained In other reports.

Based on these considerations, the overall database has been divided Into two

components:

1) Data Inventory
2) Summarized Data

Each of the above components Is described In the following paragraphs.

Data Inventory

The data Inventory lists In summary form the type and amount of

Information which are available and documented. A computerized database Is

utilized for the management of the library of available Information. The

database contains pertinent bibliographic Information (title, author, date,

document number). As each document Is reviewed, additional Information Is

added to the database (key words, key data, general comments, and summary).

This type of data structure allows for rapid search and retrieval of

Information pertinent to the hydrogeology of the Yucca Mountain Site.

Summarized Data

The compiled database must be summarized using a format suitable for:

1. reviewing the appropriate hydrogeologic and related data;

2. developing three-dimensional relationships and governing processes;

3. developing conceptual model(s) of ground water flow and radionucilde
transport pathways; and,
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4. evaluating conceptual models numerically.

In addition, the format should allow the database to be updated periodically to

Include new or additional Information. It Is emphasized that most of the

Information contained In the database Is data collected by DOE or their

contractors as part of the NNWSI site Investigations.

The format chosen for the presentation of the summarized data Is well

charts, which enables the data to be presented as a function of depth. In this

format, well construction, Intervals cored, drilling data, lithologic logs,

hydrologic logs, permeability, porosity, saturation, etc., can be presented for

each drill hole as a function of depth. The spatial coordinates and ground

surface elevation at the well makes three-dimensional relationships between

structure and physical characteristics possible. Because It Is easy to present

both quantitative and qualitative Information, the well charts can be used to

present large amounts of data In a cohesive form. As new Information becomes

available, It will be quite easy to update and add to the existing data.

DATA MANAGEMENT APPROACH

Data Inventory

As documents pertinent to the hydrogeology of Yucca Mountain are received,

the bibliographic Information Is added to the computerized database. A

sequential number Is assigned to the document and the document Is filed

according to that number. As the documents are read and reviewed, the

additional summary data Is added to the data base. This approach allows rapid

retrieval of any document based on any one of several criteria (document

number, title, author, etc.) and also allows rapid identification of documents

which have been reviewed by the WWL staff.



Nuclear Waste Consultants, Inc. Site Familiarization Report
February 28, 1986 4 WWL *4001

Summarized Data

Since a large amount of Information about the unsaturated zone will be

obtained at the exploratory shaft, It Is Important to be able to determine the

degree of heterogeneity which exists In the varying units of the unsaturated

zone. The approach taken to perform this task Is to compile the data from test

wells at continually Increasing distance from the shaft location. This

approach will allow rapid evaluation of published Information from the shaft by

comparing It to the compiled data. In addition, systematic evaluation of the

three-dimensional distribution of geohydraullc properties at Yucca Mountain Is

possible with this approach.

Since the proposed repository horizon Is to be located In the thick

unsaturated section of Yucca Mountain, locating and reviewing data

characterizing these unsaturated regions Is deemed to be of primary Importance.

Because of this and the fact that an exploratory shaft Is being constructed

through this zone at Yucca Mountain, the well charts are being developed In the

following sequence:

1. All pertinent data for wells located near the proposed exploratory
shaft.

2. All data for other wells located within the potential repository
block.

3. Data for test wells located outside the potential repository block.

4. Data for other wells In the vicinity.

DATA BASE STATUS

Data Inventory

The bibliographic Information for 203 documents have currently been

entered Into the computerized database. A complete bibliography of these
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documents Is provided In Attachment A. We have compared the list of documents

currently on hand with a list of documents maintained by the project officer.

We have identified the documents listed In Table 1 that are contained In our

data base but which were not on the project officer's list. A I st of

documents which we do not have but which appear on the project officer's list

Is presented In Table 2. Finally, we have reviewed the list of documents which

have formal reviews available. We have copies of all of the formal reviews for

the documents as listed by the project officer.

At the present time, we have Informally reviewed 24 documents. Informal

summaries of these documents are presented In Attachment B. Based on

information provided by the project officer, we will continue to add summaries

to the database In the order which reflects the priorities provided on his list

of documents.

Summarized Data

Using the approach outlined In the previous section, summary well charts

have been Initiated for three wells and the sequence In which additional charts

will be prepared has been developed. Locations of the drili holes and the

approximate boundary of the repository block are shown on Figure 1. For

summarization of the well data, wells have been grouped as follows:

Group l: USW G-4, USW H-5, USW H-4, and UE25a-6
Group II: USW G-1, USW H-1, USW H-3, and USW G-3
Group IlIl: UE25a-1, UE25b-1H, UE25b2-H, UE25a-4, UE25a-5, and UE25a-7
Group IV: all remaining wells

Well charts will be prepared for wells beginning with wells In Group I and

ending with wells In Group IV. The Group I wells are In the exploratory block

and are near the proposed exploratory shaft. Two east-west cross-sections can

be developed from the summarized data from Group I wells. Cross-section la can
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be prepared with wells USW H-5, USW G-4 and UE25a-6 while cross-sectlon lb can

be prepared with wells USW H-5 and USW H-4. In a similar manner, a north-south

cross-section can be prepared with the four Group II wells. The Group III

wells lie outside (primarily to the north and east) of the proposed exploratory

block. Preparation of well charts for these wells will, therefore, be delayed

until those within the primary block have be prepared. The Group IV wells have

locations surrounding the exploratory block at a range of distances. At the

present time summaries have been completed for the following Group I wells:

USW G-4
USW H-5
USW H-4

Copies of the well charts for these wells are provided In Attachment C.

Test well USW G-4 Is located approximately 300 feet southwest of the

exploratory shaft. The exploratory shaft will be used for In-situ studies of

the geotechnical, geologic, and hydrologic characteristics of rock In the

unsaturated zone. The test well has provided Information on the similarity of

geologic conditions between It and nearby boreholes and for use In the design

and construction phases of the exploratory shaft. A predicted log of the

stratlgraphy of the USW G-4 site was made prior to the drilling of the hole

based on subsurface data from holes USW G-1 and UE-25ao1. A comparison of

predicted and actual thicknesses and depths Indicated difficulties In

predicting precise thicknesses of the stratlgraphic units. Analysis of the

core taken form the Topopah Spring Member showed that thinning and pinching out

of the lithophysal zones occurs from well to well.

Test well USW H-4 was completed In April, 1982. After a depth of 564

meters was reached, geophysical logs were run and sidewall sampling was

attempted. Only limited success was achieved In the sidewall sampling. The
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hole was then cased to 561 meters and drilled to a total depth of 1219 meters.

Hydrologic tests were conducted, primarily In the uncased portion of the hole.

The casing Is perforated In the Interval from 533 to 539 meters. The amount of

physical data obtained for USW H-4 Is apparently significantly less than Is

available for USW G-4.

Test well USW H-5 was also drilled to a total depth of 1219 meters. As

with USW H-4, conventional core samples were not collected during driling

operations. Seven sidewall core samples were obtained but were not of suitable

quality to allow determination of hydrologic properties. Again, the amount of

data available for USW H-5 Is significantly less than Is available for USW G-4.

SUMMARY

In summary, we have established data management techniques which will

allow not only the WWL team to efficiently review data relative to the NNWSI

Project but will also allow others (NWC personnel, new NRC staff, etc.) to be

brought up to speed rapidly, If necessary. Because of the large amount of

literature available relative to the Yucca Mountain Site, a method has been

developed to allow the staff to keep up to date with respect to project

reports, articles, and publications. The well charts allow the hydrogeologic

data to be presented In a framework that Is easy to understand and will allow

the database to be quickly updated. It Is anticipated that this Information

will be very valuable In evaluating the conceptual hydrogeologic model (subtask

1.4).
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If you have questions or If we can In any way be of assistance to you

during your review of this report, do not hesitate to contact us.

Sincerely,
WATER, WASTE AND LAND, INC.

Lyle A. Davis
Project Manager

Attachments as noted

LAD:
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Table 1.

Documents In WWL Database
Which Are Not on NRC List

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, WWL*: 97

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

DOE/RW-0012, DOE Office of Civilian Radioactive Waste Management, Draft
Environmental Assessment Yucca Mountain Site, Nevada Research and
Development Area, Nevada, Dec,1984, WWL*: 76

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, WWL*: 1

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

NRC-04-81-224, KlIbury, R. K., Water Intake at the Atmosphere-Earth Interface
In a Fractured Rock System, Nov,1984, WWL*: 84

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

NUREG/CR-3680, Schrauf, T. W., and Evans, D. D., Relationship Between the Gas
Conductivity and Geometry of a Natural Fracture, Aprli,1984, WWL*: 79

SAND81-7210, Klasl, M. L., Russell, J. E., and McClaln, W. C., Far-Field
Thermal Analysis of a High Level Waste Repository In Tuff, July,1982,
WWL*: 63

SAND82-1164, Moss, M., Koski, J. A., Haseman, G. M., and Tormey, T. V., The
Effects of Composition, Porosity, Bedding-Plane Orientation, Water Content
and a Joint on the Thermal Conductivity of Tuff, Nov,1982, WWL*: 61

SAND83-0757, Mondy, L. A., Wilson, R. K., and Blxler, N. E., Comparison of
Waste Emplacement Configurations for a Nuclear Waste Repository In Tuff
IV. Thermo-Hydrological Analysis, Aug,1983, WWL*: 62

SAND84-0996, Hayden, N. K., Benchmarking NNWSI Flow and Transport Codes: Cove 1
Results, June,1985, WWL*: 58

SAND84-1643, Langkopf, B. S., Satter, B. J., and Welch, E. P. , Version 1 of
the Users Manual for the Tuff Data Base Interface, Aprli,1985, WWL*: 59

UCID-20289, Ramirez, A. L., and Daily, W. D., Preliminary Evaluation of
Alterant Geophysical Tomography In Welded Tuff, Dec,1984, WWL*: 40
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Table 2.

Documents In NRC Database
Which Are Not In WWL Database

NNWSI NVO Peer Rev., Peer Review August 24, 28, 1981, No NRC Log Number.

NVO-196-23, RadIonucIlIde MIgratIon In Tuff and Granite Peer RevIew
Documentation, NRC Log Number 00283.

SAND81-1768, Conceptual Design of Field Experiments for Welded Tuff Rock-
Mechanics Program, NRC Log Number 00942.

SAND82-2212, Bibliography with Abstracts of Geological Lieterature Pertaining
to Southern Nevada with Particular Reference to the NTS, NRC Log Number
01332.

SAND82-2441, Empirically Determined Uncertainty In Potassium Argon Ages for
Pilo-Pllestocente Basalts from Crater Flat, Nye County, Nevada, NRC Log
Number 01278.

SAND83-1778, Repository Sealing Concepts for the Nevada Nuclear Waste Storage
Inverstigatlons Project, NRC Log Number 01568.

USGS OFR 81-0615, InterpretatIon of Geophysical Well-Log Measurements In Drill
Holes UE25a-4, -5, -6, and -7, Yucca Mountain, Nevada Test Site, NRC Log
Number 00306.

USGS OFR 82-0765, Mineralogy of Fine Gralned Alluvium from Borehole U11G, EXPL.
1, Northern Frenchmean Flat, Nevada Test Site, NRC Log Number 00972.

USGS WRI 83-4067, Water Table In Rocks of Cenozoic and Paleozolc Age, 1980,
Yucca Flat, Nevada Test Site, Nevada, NRC Log Number 01484.
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1. , , Nevada Nuclear Waste Storage Investigations Project Monthly
Report August 1985, Aug,1985, WWL*: 81

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

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

4. 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, WWL*: 97

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

6. CGS/8116R028, Reade, M. T., and McKay, E. D., Geology and Hydrology of
Yucca Mountain and Vicinity, Nevada Test Site, Mar,1982, WWL*: 75

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

8. DOE/NV/10295-1, Quade, J., and Tingley, J. V., A Mineral Inventory of the
Nevada Test Site, and Portions of Neilils Bombing and Gunnery Range,
Southern Nye County, Nevada, Sept,1983, WWL*: 38

9. DOE/RW-0012, DOE Office of Civilian Radioactive Waste Management, Draft
Environmental Assessment Yucca Mountain Site, Nevada Research and
Development Area, Nevada, Dec,1984, WWL*: 76

10. ERDA-1551, Energy Research & Development Administration, Final
Environmental Impact Statement Nevada Test Site Nye County, Nevada,
Sept,1977, WWL*: 39

11. IAEA-SM-243/37, Erdal, B. R., Bayhurst, B. P., Crowe, B. M., Daniels, W.
R., Hoffman, D. C., Lawrence, F. O., Smyth, J. R., Thompson, 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 Atomic Energy Agency
and the OECD Nuclear Energy Agency and Held at Otanleml, Finland, 2-6
July 1979 Volume II, 1980, WWL*: 117

12. LA-09174-PR, Blacic, J., Carter, J., Halleck, P., Johnson, P., Shankland,
T., andersen, R., Spicochl, K., and Heller, A., Effects of Long-Term
Exposure of Tuffs to Hlgh-Level Nuclear Waste Repository Conditions:
Preliminary Report, ?, WWL*: 102

13. LA-09706-MS, Levy, S. S., Petrology of Samples From Drill Holes USW H-3,
H-4, and H-5 Yucca Mountain, Nevada, , WWL*: 95
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14. LA-10003-MS, Warren, R. G., Byers, F. M., Jr., and Caporusclo, F. A.,
Petrography and Mineral Chemistry of Units of the Topopah Spring,
Calico Hlils 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, WWL*: 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, WWL*: 46

16. LA-10177-M, Lane, L. J., Surface Water Management: A User's Guide to
Calculate a Water Balance Using the CREAMS Model, Nov,1984, WWL*:
144

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

18. LA-10242-MS, Lane, L. J. and Nyhan, J. W, Water and Contaminant Movement:
Migration Barriers, Nov,1984, WWL*: 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, WWL*: 161

20. LA-10297-PR, Rundberg, R. S., Ogard, A. E., and Vaniman, D. T., Research
and Development Related to the Nevada Nuclear Waste Storage
Investigations April 1 - June 30, 1984, May,1985, WWL*: 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, WWL#: 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,1985, WWL*: 47

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,
WWL*: 185

24. LA-8139-MS, Sykes, M. L., Helker, G. H., and Smyth, J. R., Mineralogy and
Petrology of Tuff Units from the UE25a-1 Drill Site, Yucca Mountain,
Nevada, Nov,1979, WWL*: 45

25. LA-8747-MS, Wolfsberg, K., et al., Sorption-Desorptlon Studies on Tuff
ill. A Continuation of Studies with Samples from Jackass Flats and
Yucca Mountain, Nevada, May,1981, WWL*: 190
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26. LA-8840-MS, Carroll, P. R., and Waters, A. C., Preliminary Stratlgraphic
and Petrologic Characterization of Core Samples from USW-G1, Yucca
Mountain, Nevada, Nov,1981, WWL#: 44

27. LA-9000-MS, Carroll, P. I., Caporusclo, F. A., and Bish, D. L., Further
Description of the Petrology of the Topopah Spring Member of the
Paintbrush Tuft In Drill Holes UE25A-1 and USW-G1 and of the LIthic
Rich Tuff In USW-G1, Yucca Mountain, Nevada, Nov,1982, WWL*: 43

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

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

30. LA-9332-MS, Norris, A. E., et al., Geochemistry Studies Pertaining to the
G-Tunnel Radionuclide Migration Field Experiment, Nov,1982, WWL*:
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, WWL*: 49

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

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

34. LA-9995-MS, Kerrisk, J. F., Solubility Limits on Radionuclide Dissolution
at a Yucca Mountain Repository, May,1984, WWL*: 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, WWL*: 118

36. LA-UR-84-332, Bish, D. L., Ogard, A. E., and Vaniman, D. T.,
Mlneralogy-Petrology and Groundwater Geochemistry of Yucca Mountain
Tuffs, 1984, WWL*: 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. LASL, Rundberg, R. S., Thompson, J. L., and Maestas, S., Radionuclide
Migration: Laboratory Experiments With Isolated Fractures, Nov,1981,
WWL*: 164
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39. LBL-18473, Wang, J.S.Y. and Naraslmhan T.N., Hydrologic Mechanisms
Governing Fluid Flow In Partially Saturated, Fractured, Porous Tuff
at Yucca Mountain, Oct. 1984, WWL*: 1

40. MRSSP-v.26, McVay, G. L., Scientific Basis for Nuclear Waste Management
Vil Symposium held November 1983 In Boston, Massachusetts, U.S.A.,
1984, WWL*: 94

41. NNWSI/OCRWM/OGR, NVO/NNWSI, Presentation for the OGR: An Issues Hierarchy
Approach to Site Characterization and Regulatory Compliance
(Viewgraphs), May,1985, WWL*: 203

42. NRC-04-81-224, Kilbury, R. K., Water Intake at the Atmosphere-Earth
Interface In a Fractured Rock System, Nov,1984, WWL*: 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, Aprii,1984,
WWL*: 79

45. NVO-196-22, United States Department of Energy, Geologic and Hydrologic
Investigation of Yucca Mountain Peer Revtew Documentation,
Apri1,1981, WWL*: 193

46. NVO-196-24 (Rev. 5), NVO, 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),
rev. 3 & 4 (84/05), Jan,1985, WWL*: 195

47. NVO-269, Bowen, J. L., and Egaml, R. T., Atmospheric Overview for the
Nevada Nuclear Waste Storage Investigations, Nevada Test Site, Nye
County, Nevada, Nov,1983, WWL*: 80

48. NVO-283, French, R. H., Elzeftawy, A., and Elliot, B., Hydrology and Water
Resources Overview for the Nevada Nuclear Waste Storage
Investigations, Nevada Test Site, Nye County, Nevada: Annotated
Bibliography, June,1984, WWL*: 82

49. NVO-284, French, R. H., Elzeftawy, 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,
WWL*: 74

50. SAIC, Science Applications International Corporation, Meteorological
Monitoring Plan for the Nevada Nuclear Waste Storage Investigations
Project Yucca Mountain Site, Nov,1984, WWL*: 177
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51. SAND79-1197C, Iman, R. L., Davenport, J. M., Waddeil, R. K., Stephens, H.
P., and Leap, D. I., Sensitivity Study of the Parameters of the
Regional Hydrology Model for the Nevada Nuclear Waste Storage
Investigations, ?, WWL*: 134

52. SAND80-0201, Hadley, G. R. and Turner, J. R., Jr., Evaporative Water Loss
From Welded Tuff, Apr,1980, WWL*: 130

53. SAND80-1464, Johnstone, J. K. and Wolfsberg, K., Evaluation of Tuff as a
Medium for a Nuclear Waste Repository: Interim Status Report on the
Properties of Tuff, July,1980, WWL*: 135

54. SAND80-1625C, Tyler, L. D., Thermal/Mechanical Modeling for a Tuff
Repository, ?, WWL*: 182

55. SAND80-2137, Lappin, A. R., Thomas, R. K., and McVey, D. F., Eleana
Near-Surface Heater Experiment Final Report, April,1981, WWL*: 143

56. SAND80-2639, Langkopf, B. S., Thermal Analysis of Nuclear Waste
Emplacement In Welded Tuff, Aug,1982, WWLi: 67

57. SAND81-1058, Waymire, D. R. and Dulmstra, C. 0., In Situ Tuff Water
Mlgration/Heater Experiment: Instrumentation Design and Fielding,
Apr,1982, WWL*: 187

58. SAND81-1059, Waymire, D. R. and Dulmstra, C. 0., In Situ Tuff Water
Migration/Heater Experiment: The Data Acquisition and Playback
System, Oct,1981, WWL*: 186

59. SAND81-1253, Erickson, K. L. and Fortney, D. R., Preliminary Transport
Analysis for Design of the Tuff Radionuclide-Migration Field
Experiment, 1981, WWL*: 119

60. SAND81-1918, Johnstone, J. K., Hadley, G. R., and Waymire, D. R., In Situ
Tuff Water Migratlon/Heater Experiment: Final Report, Mar,1985,
WWL*: 138

61. SAND81-1970, Connolly, J. R., Mansker, W. L., Hicks, R., Allen, C. C.,
Husler, J., Kell, K., Lappin, A. R., Petrology and Geochemistry of
the Grouse Canyon Member of the Belted Range Tuff, Rock-Mechanics
Drift, U12g Tunnel, Nevada Test Site, Apr,1983, WWL*: 106

62. SAND81-2584, Rechard, R. P. and Schuler, K. W., Permeability Change Near
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Document Summary

TITLE: Conceptual Hydrologic Model of Flow In the Unsaturated Zone, Yucca
Mountain, Nevada

AUTHOR: Montazer, P., and Wilson, W. E.

Document Number:
Requested From:
Received From:

USGS-84-4345
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1984
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 9
Document Description (general, specific, etc.):
Document Read By (Initials): DBM, LAD, TLS

general

KEY WORDS: Hydrologic Model, Fracture Flow, Unsaturated Flow, Capillary
Barrier, Hysteresis, Vapor Transport, Ground Water Flow, Perched
Water

KEY DATA: Hydrologic properties

COMMENTS: The conceptual flow model presented Is based on many assumptions
which the data may or may not support. Generally a good paper to
read.

SUMMARY:
A conceptual model describing the flow of fluids through the unsaturated zone
at Yucca Mountain Is proposed. The proposed model considers the following
flow phenomena In the unsaturated region: flow through fractured rock,
capillary barriers, Infiltration Into fractured rock, lateral movement, and
capillary fringe. The proposed model gives a representation of the flow In
the hydrogeologic units and structural pathways at Yucca Mountain. Areas
needing further Investigation are Identified.
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Well Logs From The USW G-1 Drill Hole, NevadaTITLE: Commercial Geophysical
Test Site, Nevada

AUTHOR: Muller, D. C., Kibler, J. E.

Document Number:
Requested From:
Received From:

USGS-OFR-83-321
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1983
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excelient): 7
Document Description (general, specific, etc.):
Document Read By (Initials): TLS

Specific

KEY WORDS: Caliper Log, Gamma Ray Log, SP Log, Resistivity Log, Neutron Log,
Density Log, Velocity Log, Porosity Log

KEY DATA: Summary of drill hole USW G-1 logging operations.

COMMENTS: Referenced plates *1 and *2 are not contained with the report.

SUMMARY:
The logs usefulness as lithologic Indicators Is limited primarily to
correlations with welding In the tuff. The major conclusion that can be drawn
Is that the physical properties of the tuffs above the Tram Unit are quite
variable, while Tram and tuff of LIthic Ridge are more uniform and
predictable. Future work should Include borehole gravimetry for surface
gravity modeling, IP logs to determine sulfide mineral content, magnetometer
logs for stratigraphic correlation and for paleomagnetic models, and magnetic
susceptibility logs.
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TITLE: Borehole Geophysical Measurements for Hole UE25a-3, Nevada Test
Site, Nuclear Waste Isolation Program

AUTHOR: Daniels, J. J., and Scott, J. H.

Document Number:
Requested From:
Received From:

USGS-OFR-80-126
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1980
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 7
Document Description (general, specific, etc.):
Document Read By (Initials): TLS

Specific

KEY WORDS: Density Log, Resistivity Log, Gamma Ray Log, Neutron Log, Induced
Polarization Log, Magnetic Susceptibility Log

KEY DATA: None

COMMENTS:

SUMMARY:
Borehole geophysical measurements made In drill hole UE25a*3 with a USGS
survey truck are presented. Well logs are presented In this paper for dual-
detector density, normal resistivity, gamma ray, neutron-neutron, Induced
polarization, and magnetic susceptibility measurements. These data are
analyzed for correlations with the core lithology. Hole-to-surface
measurements made from the drill hole Indicate the presence of two resistive
bodies at depth. The deeper resistive anomaly may be related to a granitic
Intrusion.
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WWL Document Number: 6 Document Summary

TITLE: Finite-Element Slmulatlon of Ground-Water Flow In the Vicinity of
Yucca Mountain, Nevada-Californla

AUTHOR: Czarneckl, J. B., and Waddell, R. K.

Document Number:
Requested From:
Received From:

USGS 84-4349
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1984
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 7
Document Description (general, specific, etc.):
Document Read By (Initials): TLS

KEY WORDS: Conceptual Model, Parameter Estimation, Mesh Design, Boundary
Conditions, Transmissivities, Fluxes, Sensitivity Analysis,
Traveltime, Model Residuals, Hydraulic Head

KEY DATA: TransmIssivity, Flux, Sensitivity Analysis, Hydraulic Head

COMMENTS:

SUMMARY:
A finite element model was developed using parameter estimation techniques to
simulate steady-state ground water flow In the vicinity of Yucca Mountain.
Model residuals for simulated versus measured hydraulic heads range from -28.6
to 21.4 meters; most are less than (+,-) 7 meters. The overall agreement
between measured and simulated heads Is good. Exceptions occur In areas where
vertical flow components and/or steep hydraulic gradients occur. The model
results also Indicate areas where additional studies are needed. The presence
of barriers In the model greatly affects the orientation of ground-water flow
vectors. Few data are available regarding the shape , orientation, and extent
of the barrier north of Yucca Mountain. The traveltime estimation procedure
used to determine a possible range In traveltimes provides a means of
comparing traveltimes resulting from different values of porosity and
thickness. Although changing the anisotropy ratio In western Jackass Flats to
achieve greater y-transmissivity versus x-transmissivity did produce faster
traveltimes, It also led to larger error variance.
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WWL Document Number: 16 Document Summary

TITLE: Preliminary Evaluation of Hydrologic Properties of Cores of
Unsaturated Tuff, Test Well USW H-1, Yucca Mountain, Nevada

AUTHOR: Weeks, E. P., and WIlson, W. E.

Document Number:
Requested From:
Received From:

USGS 84-4193
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1984
Oct. 85
Nov. 85

Document Rating (Impoor to 10-excellent): 8
Document Description (general, specific, etc.):
Document Read By (Initials): TLS

Specific,rock

KEY WORDS:

KEY DATA:

Moisture Tension, Hydraulic Conductivity, Moisture Characteristic
Curves, Relative Permeability, Matrix Flux, Mercury Porosimetry
Test, Core Volumetric Moisture Content

Density, Porosity, Volumetric Moisture Content, Moisture Tension,
Hydraulic Conductivity, Moisture Characteristic Curves, Saturation-
Tension Curves

COMMENTS:

SUMMARY:
Analyses were made on 19 core samples of unsaturated tuff from test well USW H-
1. No direct measurements were made of moisture tension and hydraulic
conductivity at ambient moisture content. Moisture characteristic curves
relating saturation and moisture tension were developed from results of
mercury Injection tests. Ambient moisture tension estimated from these curves
generally was 100 to 200 kPa. Values of relative permeability ranging from
about 0.002 to 0.1 were determined by fitting an analytical expression to
eight of the moisture characteristic curves, and then Integrating to solve for
relative permeability. These values of relative permeability were applied to
values of saturated hydraulic conductivity of core from a nearby test well to
obtain effective hydraulic conductivities of about 8E-12 to 7E-10 cm/sec. If
a unit hydraulic head gradient Is assumed, these values convert to a vertical
flux through the tuff matrix of 0.003 to 0.2 mm/yr.
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WWL Document Number: 17 Document Summary

TITLE: Geohydrologic and Drill-Hole Data for Test Well USW H-3, Yucca
Mountain, Nye County, Nevada

AUTHOR: Thordarson, W., Rush, F. E., Spengler, R. W., and Waddell, S. J.

Document Number:
Requested From:
Received From:

USGS-OFR-84-149
NRC
NRC

Pubilcation Date:
Request Date:
Receipt Date:

1984
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 7
Document Description (general, specific, etc.):

Document Read By (Initials): TLS
Specific, Data

KEY WORDS: Geohydrologic Data, Drill Hole Data

KEY DATA: Water Levels, Hydraulic Tests, Fracture Distribution, Llthologic

Log, Geophysical Well Logs, Injection Test, Pumping Test,

Radioactive Tracer Flow Survey

COMMENTS:

SUMMARY:
The following data Is presented for test well USW H-3: Bit and casing data,

Lithologic log, Geophysical Well Logs, Lineations, Distribution of out of gage
hole, Fracture distribution, Water Levels, Drilling Fluid Use, Pumping test

data, Injection test data, Recovery data, Radioactive tracer flow survey



Attachment B
February 28, 1986

NNWSI Document Summaries
WWL *4001B-7

NRC DOCUMENT DATA BASE
WWL Document Number: 26 Document Summary

TITLE: Geohydrology of Test Well USW H-1, Yucca Mountain, Nye County, Nevada

AUTHOR: Rush, F. E., Thordarson, W., and Pyles, D. G.

Document Number:
Requested From:
Received From:

USGS-83-4032
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1984
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 9
Document Description (general, specific, etc.): Specific
Document Read By (initials): TLS

KEY WORDS:

KEY DATA:

Hydraulic Head, TransmissIvity, Hydraulic Conductivity, Cores,
Density, Matrix Porosity, Pore Saturation, Geophysical Logs, Pump
Tests, Injection Tests, Conceptual Model, Water Level, Perched
Water, Chemistry

Density, Matrix Porosity, Pore Saturation, Hydraulic Conductivity,
Water Levels, Pump Test Data, TransmIssivity, Hydraulic
Conductivity, Storage, Chemical Analysis

COMMENTS: A very good report.

SUMMARY:
Based on the results of 3 pump tests, 6 InjectIon tests, radioactive tracer
surveys, hydrological monitoring, core analysis, and geophysical log
Interpretations; (1) Stratlgraphic units from the surface through the Topopah
Spring Member generally are Intensively fractured, relatively porous, and
unsaturated; (2) The water table Is at a depth of 572 m, In the upper part of
the Prow Pass Member. In the Interval from 448 to 572 m, the rock Is nearly
saturated, probably with a perched saturated zone from 448 to 458 m. Water
seeps were observed at many depths with a TV camera log; (3) For the Bullfrog
Member, the avg. horiz. matrix hydraulic conductivity Is about twice the
magnitude of the avg. vertical matrix hydraulic conductivity; (4) Four zones
showed temperature gradient reversals and four zones showed large Increases
In the temperature gradient. Hydrological conditions which may be related to
the geothermal conditions have not been Identified for this report. All eight
zones are above the water table; (5) During drawdown and recovery tests, a
slight drawdown occurred In well USW G-1, 430 m northwest; (6) Hydraulic head
In the zone 688 to 741 m below surface was 730 m above sea level. Deeper
zones had hydraulic heads of 781 meters above sea level or higher, Indicating
an upward component of groundwater flow at the site; (7) Based on results of
the pumping tests, nearly all the permeable rock penetrated by this well Is In
the Prow Pass Member above a depth of 688 m.
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TITLE: Geohydrologic Data for Test Well USW G-4 Yucca Mountain Area, Nye
County, Nevada

AUTHOR: Bentley, C. B.

Document Number:
Requested From:
Received From:

USGS-OFR-84-063
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1984
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 7
Document Description (general, specific, etc.):
Document Read By (Initials): TLS

Specific

KEY WORDS: Drilling Operations, Lithology, Pumping Tests, Injection Tests,
Water Level, Water Chemistry

KEY DATA:

COMMENTS:

Well Construction, Water Levels, Pumping Test, Borehole Flow
Survey, Injection Test, Water Chemistry

Pumping and Injection Test Data Is graphically plotted as drawdown
vs. time, recovery vs. time, and head above static level vs. time.
The data has not been analyzed.

SUMMARY:
The report presents data on driling operations, lIthology, borehole
geophysics, hydrologic monitoring, water chemistry, pumping tests, and packer-
Injection tests. Test well USW G-4 was drilled to a total depth of 915 meters.
Depth of water In the well during drilling and testing ranged from 538 to 544
meters below land surface. Drawdown In the well was about 3 meters after test
pumping more than 5,000 minutes at a rate of 16 liters per second. A borehole-
flow survey Indicated that almost all water withdrawn from the well was
contributed by a zone between a depth of about 865 and 915 meters below land
surface. A composite water sample collected after well completion contained
216 mg/lIter of dissolved solids, with relatively large concentrations of
silica, sodium and bicarbonate.
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TITLE: Geohydrologic Data For Test Well USW H-1 Yucca Mountain Area, Nye
County, Nevada

AUTHOR: Rush, F. E., Thordarson, W., and Bruckhelmer, L.

Document Number:
Requested From:
Received From:

USGS-OFR-83-141
NRC
NRC

Publication
Request
Receipt

Date:
Date:
Date:

1983
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 8
Document Description (general, specific, etc.):
Document Read By (Initials): TLS

general

KEY WORDS: Drilling Operations, Lithologic Log, Core Samples,
Radioactive Tracer Flow Surveys, Water Levels, Dri
Pumping Tests, Injection Tests, Chemical Analysis

WeII Logs,
Ilung Fluid,

KEY DATA: Casing Data, Lithologic Log, Core Analysis, Water Levels, Drawdown
Data, Recovery Data, Injection Test Data

COMMENTS:

SUMMARY:
This report presents data collected to determine the hydraulic characteristics
of rocks penetrated In test well USW H-1. Data on drilling operations,
lithology, borehole geophysics, hydrologic monitoring, core analysis, ground
water chemistry and pumping and Injection tests are contained. All data
tables presented were compiled by the authors except where otherwise noted.
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TITLE: Geohydrologic Data For Test Well USW H-5 Yucca Mountain Area, Nye
County, Nevada

AUTHOR: Bentley, C. B., Robison, J. H., and Spengler, R. W.

Document Number:
Requested From:
Received From:

USGS-OFR-83-853
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

1983
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 7
Document Description (general, specific, etc.): Specific
Document Read By (Initials): TLS

KEY WORDS: Lithology, Pumping Tests, Injection Tests

KEY DATA: Well Construction, Lithologic Log, Water Levels, Drawdown Test,
Recovery Test, Borehole Flow Survey, Injection Test

COMMENTS: Buildup, Drawdown, and Injection Test Data has not been analyzed.

SUMMARY:
This report presents data on driilng operations, IIthology, borehole
geophysics, water-level monitoring, core analysis, ground-water chemistry,
pumping tests, and packer Injection-tests for test well USW H-5. The well was
drilled to a total depth of 1219 meters through volcanic rock consisting mostly
of ash-flow tuff. Depth to water In the well ranged between 703.8 and 707.2
meters below land surface, at an approximate altitude of 774 meters above sea
level. Draw-down In the well exceeded 6 meters after test pumping more than
3,000 minutes at a rate of 120 liters per second. Borehole-flow surveys showed
that about 90 percent of the water In the well Is contributed by the zone
between 707 and about 820 meters below land surface. Two composite water
samples collected after well completion contained 206 and 220 milligrams per
liter of dissolved solids. Sodium and bicarbonate were the predominate
dissolved anion and cation. The concentration of dissolved silica was 48
milligrams per liter In both samples, which Is a relatively large concentration
for most natural waters.
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WWL Document Number: 47

TITLE: Minerals In Fractures of the Unsaturated Zone from Drill Core USW G-
4, Yucca Mountain, Nye County, Nevada

AUTHOR: Carlos, B. Arney

Document Number: LA-10415-MS
Requested From: NRC
Received From: NRC

Publication Date: May,1985
Request Date: Oct. 85
Receipt Date: Nov. 85

Document Rating (1-poor to 10-excellent): 7
Document Description (general, specific, etc.): Specific
Document Read By (Initials): TLS

KEY WORDS: Minerals, Devitrifled, Zeolltized, Fracture, Static Water Level

KEY DATA: Mineral Analysis

COMMENTS:

SUMMARY:
The mineralogy of fractures In USW G-4, from a depth of nearly 244 meters to
the static water level (SWL) at 541 meters, was examined to determine the
sequence of deposition and the Identity of minerals that might be natural
barriers to radionuclIde migration from a nuclear waste repository. The
unsaturated zone below 244 meters was divided Into three rock types:
devitrifled, glossy, and zeolitized host rock. Fracture-ilning zeolltes for
each of these three rock types differ In mineralogy and morphology.
Similarities between fracture mineralogy and host-rock alteration In the
nonwelded zeolotic units of the Topopah Spring Member suggest that this zone
was once below the water table. Nonwelded glass shards present In the host
rock above the zeolite-mineral transition In the fractures Indicated that the
water table was never higher than the lithic-rich base of the Topopah Spring
Member In the vicinity of USW G-4.
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TITLE: Bulk and Thermal Propertles of the Functlonal Tuffaceous Beds In
Holes USW G-1, UE-25a*1, and USW G-2, Yucca Mountain, Nevada

AUTHOR: Lappin, A. R., and Nimick, F. B.

Document Number:
Requested From:
Received From:

SAND82-1434
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

Apri
Oct.
Nov.

I,1985
85
85

Document Rating (1-poor to 10-excellent): 8
Document Description (generai, specific, etc.):
Document Read By (Initials): TLS

specif IC

KEY WORDS: Grain Density, Porosity, Frequency Distributions, Mineralogy,
Thermal Conductivity, Thermal Expansion, Dehydration

KEY DATA: Grain Density, Porosity, Thermal Conductivity, Thermal Expansion

COMMENTS:

SUMMARY:
The objective of this report Is to document bulk and thermal property data
used In evaluating the Tuffaceous Beds of Calico Hills. Only data received as
of March 15, 1982 are Included. A Functional Unit Is defined using
zeolitization as a prime characteristic. The Functional Unit Includes
portions of the overlying and underlying tuffs. Thermal conductivity
measurements on zeolitized ashflow tuffs are relatively consistent, Indicating
a zero porosity conductivity of 1.95 W/m*K. Internal complexity of the
functional Tuffaceous Beds Is apparent In thermal expansion behavior. On
cooling, the expansion behavior of these strongly zeolitized tuffs depends on
the availability of water. If the tuffs are not rehydrated, they will
contract continuously to ambient temperature, resulting In net contraction If
they are dewatered on heating.
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WWL Document Number: 65

TITLE: Water Transport Through Welded Tuff

AUTHOR: Hadley, G. R.

Document Number:
Requested From:
Received From:

SAND82-1043
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

Aug.1984
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excelient): 7
Document Description (general, specific, etc.):
Document Read By (initials): TLS

specific

KEY WORDS: Imbibition, Evaporatlon Front, Capillary Forces, Vapor Pressure
Gradients, Gamma Ray Denslometry, Saturation Profiles

KEY DATA: Porosity, Saturation Profiles

COMMENTS: The report presents an Interesting method for determining the
saturation profile In a rock sample by the use of gamma ray
attenuation.

SUMMARY:
The direct measurement of saturation profiles In tuff cores during drying and
Imbibition Is discussed. Much Information on the experimental procedures and
apparatus Is given. The results of the experiments showed that the shapes of
the saturation profiles In the 0.15 meter long core of welded tuff depend on
the presence and direction of the sample temperature gradient. The profiles
indicate that drying takes place simultaneously throughout the sample, and not
from an Isolated region, such as an evaporation front.
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TITLE: Reductlon of the Well Test Data for Test Waif USW H-1, Adjacent to
Nevada Test Site, Nye County, Nevada

AUTHOR: Barr, G. E.

Document Number:
Requested From:
Received From:

SAND84-0637
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

May, 1985
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 8
Document Description (general, specific, etc.):
Document Read By (initials): TLS

SpecifiC

KEY WORDS: Pump Tests, Injection Tests, Hydraulic Conductivity, Storativity,
Computer Code, Sensitivity Analysis, Barrier, Drawdown, Recovery

KEY DATA: Test Intervals, Pumping Rate, Injection Rate, Hydraulic
Conductivity, Storativity

COMMENTS: Contains computer code used for data reduction.

SUMMARY:
The data from 3 pump tests, 3 recovery tests, and 6 Injection tests are
reduced by a computer program to determine hydraulic conductivity,
storativity, and any source/ boundary conditions. The computer code PUMP,
allows Investigations of the sensitivity of the results due to changes In K
and S and of the subsurface location of possible water sources or barriers.
The model assumes no vertical Infiltration occurs and that the medium Is
vertically homogeneous. It Is necessary to assume starting values for K and
S. By trial and error, values of K and S can be found which give an approx.
fit between the calculated and the observed data. The Integrated total
hydraulic conductivity of the penetrated portion of the saturated zone Is
essentially the same as determined In WWLNUM 26 by Rush et.al, using graphical
methods. However, some Individual tests differ by a factor of 10 for K. The
upper zone Is characterized by relatively high hydraulic conductivitles, In
the range of 1E-4 to 1E-5 m/sec, with some Indication of fracture
connectivity. Below this zone, the volcanic rocks appear to be less
conductive by several orders of magnitude.
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TITLE: Hydrologic Mechanisms Governing Fluld Flow In Partlally Saturated,
Fractured, Porous Tuff at Yucca Mountain

AUTHOR: Wang, J. S. Y., and Naraslmhan, T. N.

Document Number:
Requested From:
Received From:

SAND84-7202
NRC
NRC

Publication Date:
Request Date:
Receipt Date:

April ,1985
Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 9
Document Description (general, specific, etc.):
Document Read By (Initials): DBM, LAD, TLS

General

KEY WORDS: Hydrologic Model, Fracture Flow, Unsaturated Flow, Capillary
Barrier, Hysteresis, Vapor Transport

KEY DATA: Hydrologic properties of Hydrogeologic Units

COMMENTS:

SUMMARY:
A conceptual model describing the flow of fluids through the unsaturated zone
at Yucca Mountain Is proposed. The proposed model considers the following
flow phenomena In the unsaturated region; flow through fractured rock,
capillary barriers, Infiltration Into fractured rock, lateral movement, and
capillary fringe. The proposed model gives a representation of the flow In
the hydrogeologic units and structural pathways at Yucca Mountain. Areas
needing further Investigation are Identified.
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TITLE: Draft Environmental Assessment Yucca Mountain Site, Nevada Research
and Development Area, Nevada

AUTHOR: DOE Office of Civilian Radioactive Waste Management

Document Number: DOE/RW-0012 Publication Date: Dec,1984
Requested From: NRC Request Date: Oct. 85
Received From: NRC Receipt Date: Nov. 85

Document Rating (1-poor to 10-excellent): 7
Document Description (general, specific, etc.): Overview
Document Read By (Initials): DBM, LAD, TLS

KEY WORDS: Hydrology, Geohydrology, Geochemistry, Dissolution, Erosion,
Tectonics, Meteorology, Drainage Basins, Exploratory Shaft,
Transportation

KEY DATA: Ground water travel time, Sorption Ratios, Water Chemistry, Cross
Sections, Maps, Bibliography

COMMENTS: The Department of Energy's Evaluation of the Yucca Mountain Site

SUMMARY:
A great deal of assumptions have been made by the DOE to Justify the
suitability of Yucca Mountain for site characterization and for development as
a repository. The crux of the evaluation and subsequent recommendations are
given In Chapter 6. Since the characterization of the site Is not complete,
much of the current description draws heavily from previous studies of the
Nevada Test Site and of the southern Nevada region. Potential geohydrological
Impacts which have been pointed out by the DOE Including the following: cyclic
pluvial conditions may lead to an Increase In the level of the water table;
sufficient data on stratigraphic, structural, and hydrological features are not
yet available to model the site with reasonable certainty'; It has not been
determined If the geohydraullc unit above the host rock will divert the
downward flow of water beyond the limits of the emplaced wastes. The major
areas which still need to be Investigated are: the amount of recharge; the
related ground-water flux through the unsaturated zone; the mechanisms by which
water moves In densely welded, fractured tuffs (unsaturated); representative
values for hydraulic conductivitles and moisture contents of various rocks
transversed by ground water, and effective porositles.
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TITLE: Preliminary Estimates of Water Flow and RadlonuclIde Transport In
Yucca Mountain

AUTHOR: Travis, B. J., Hodson, S. W., Nuttall, H. E., Cook, T. L., and
Rundberg, R. S.

Document Number: LA-UR-84-40 Publication Date: 1984
Requested From: NRC Request Date: Oct. 85
Received From: NRC Receipt Date: Nov. 85

Document Rating (1-poor to 10-excellent): 8
Document Description (general, specific, etc.): Specific
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KEY WORDS: Computer Code, Fracture Flow, Radlonuclide Transport, Radionuclide
Adsorption, Relative Permeability, Heat Load Effect

KEY DATA: Radionuclide Retardation Factors, RadionuclIde Diffusivity,
Relative Permeability

COMMENTS:

SUMMARY:
The report looks at the effect of I thology and the presence of fractures on
water flow and radlonuclIde transport In Yucca Mountain. Two computer codes
were used In the analysis: (1) TRACR3D, which computes saturated and
unsaturated two phase flow In fractured porous media, and (2) WAFE, which
computes water, air, vapor, and energy movement In porous media. Plots of
crack width vs. depth reached by a water slug for various matrix saturations
and diffusion coefficients were generated. Migration histories for ten
radionucildes through four stratigraphic units (Topopah Spring, Bedded Tuff,
Calico Hills, Prow Pass) are presented. Some of the conclusions stated: (1)
Significant fracture flow can occur above the water table, but only through
high-saturation, low permeability tuff (2) Diffusion Into the matrix and
adsorption have a profound effect on transport. None of the radionuclides
considered reaches the accessible environment In less than 10,000 years. (3)
Heat load In partially saturated tuff can result In a dry, steam-filled region
extending several meters above and below a repository with recharge during
cooldown phase.



Attachment B NNWSI Document Summaries
February 28, 1986 B-18 WWL *4001

NRC DOCUMENT DATA BASE
WWL Document Number: 86 Document Summary

TITLE: Identification and Characterization of Hydrologic Properties of
Fractured Tuff Using Hydraulic and Tracer Tests--Test Well USW H-4,
Yucca Mountain, Nye County, Nevada

AUTHOR: Erickson, J. R., and Waddell, R. K.

Document Number: USGS-85-4066 Publication Date: 1985
Requested From: NRC Request Date: Oct. 85
Received From: NRC Receipt Date: Nov. 85

Document Rating (1-poor to 10-excellent): 8
Document Description (general, specific, etc.): Specific
Document Read By (initials): TLS

KEY WORDS: Injection Tests, Tracer Tests, Fracture Distribution

KEY DATA: Fracture Intervals, Flow Intervals, Temperature Survey, Fracture
Porosity

COMMENTS:

SUMMARY:
Intrawell bore flow velocities were measured at 7 locatIons using a short
duration radioactive tracer. Other fractures were Identified using temperature
and borehole-flow surveys. The fractures were correlated with an acoustic
televiewer log, which showed that 86.2% of the identified fractures In the
saturated zone have strikes ranging from N10W to N55E, with dips ranging from
50 to 86. A TV camera log showed some fractures with strikes from N15W to
N55W. Radioactive tracer flow surveys Indicate that less than 21% of the total
saturated section contributed measurable quantities of water to the well bore.
The flow points Identif Ied from the temperature 0og during pumping correlated
with the location of fractures. However, the majority of the fractures had no
detectable flow. The results of the fracture analysis Indicate that water was
produced predominately from northeast trending fractures. In general, good
correlation exists between zones determined to be permeable by different
techniques, however, no single technique was capable of producing sufficient
Information to characterize distribution of permeability and direction of
movement within the borehole. The results presented Indicate that, In detail,
the ground water flow characteristics of the fractured tuff at Yucca Mountain
are complex.
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TITLE: A Three-Dimensional Model of Reference Thermal/Mechanical and
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Strlke,Sllp,Density, Porosity, X-ray, Logs, Zeollte, Units,
Gyroscopic Survey, Cross-section, Tuff, Water Table, Vitrophyre

KEY DATA: Cross Sections, Isopach Maps, Water Table Surface, Fault Angles, Dip

COMMENTS:

SUMMARY:
A 3-D model of the thermal/mechanical and hydrological reference stratigraphy
at Yucca Mountain has been developed for use In performance assessment and
repository design studies Involving material properties data. The reference
stratigraphy defines units with distinct thermal, physical, mechanical, and
hydrological properties. The model Is a collection of surface
representations, each surface representing the base of a particular unit. The
reliability of the model was evaluated by comparing the generated surfaces,
existing geologic maps and cross sections, drill hole data, and geologic
Interpretation. Interpolation of surfaces between drill holes by the model
closely matches the existing Information.
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Document Number:
Requested From:
Received From:
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Publication Date:
Request Date:
Receipt Date:
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Oct. 85
Nov. 85

Document Rating (1-poor to 10-excellent): 7
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specific

KEY WORDS: Topopah Spring Tuff, J-13 Well WAter, CrIstobalite Solubility,
Anion, Cation, Alkalinity, Steady State, Water Chemistry

KEY DATA: Water analysis for J-13 well water and reaction water, Steady state
estimate of water chemistry

COMMENTS:

SUMMARY:
The reaction of Topopah Springs Tuff (Tpt) with J-13 well water was conducted
using Tpt collected from Fran Ridge, which Is several miles east of Yucca
Mountain. The Tpt samples were crushed and combined with J-13 well water In
Teflon lined reaction vessels, In four rock to water weight ratios. The
experiments were run at 90 C and 150 C for reaction times up to 72 days. None
of the experiments reached steady state solution concentration. Long term
experiments were In progress to determine the steady state chemistry.
However, an estimated water chemistry at steady state for 90 C and 150 C Is
given In Table 54.
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Document Number:
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KEY DATA: Well construction, flow surveys, water level, water chemistry

COMMENTS: Poorly written paper.

SUMMARY:
Ten wells on or near Yucca Mountain were sampled for chemical analysis
Including carbon-14 dating. Significant differences were found In uncorrected
carbon-14 age and In Inorganic and stable Isotope composition. A lithium
tracer was used with the drilling fluids to measure the extent of
Infiltration. The majority of the water samples contained less than about 0.4
percent drilling fluid. The source for drilling water on all but one well was
J-13. Borehole surveys were conducted using an Injector type tool with 131 1
as the tracer. Pump rates while the surveys were being performed are not
given. The only wells listed where the Tpt lies below the water table are J-
12 and J-13. On these wells, water Injection tests using packers Indicated
most of the production comes from the Tpt.
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TITLE: Stratigraphic and Structural Characteristics of Volcanic Rocks In
Core Hole USW G-4, Yucca Mountain, Nye County, Nevada

AUTHOR: Spengler, R. W. and Chornack, M. P.

Document Number: USGS-OFR-84-789 Publication Date: 1984
Requested From: NRC Request Date: Oct. 85
Received From: NRC Receipt Date: Dec,1985

Document Rating (1-poor to 10-excellent): 9
Document Description (general, specific, etc.): Specific
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KEY WORDS: Drilling History, Stratigraphy, Fractures, Oriented Core,
Geophysical Logs

KEY DATA: Geologic Units, Fracture Inclination, Fracture Strike, Fracture
Frequency

COMMENTS:

SUMMARY:
Core hole USW G-4 was cored from 13m to 915m at a location approx. 91m
southwest of the proposed site of an exploratory shaft. Welding
characteristics of ash-flow tuff members and within the tuffaceous beds of
Calico Hills vary In thickness from 0.8m to 17.0m. Zeolltic alteration of rock
units occurs below a depth of 434.2m. Above this depth, densely welded units
are dominantly divitrifled, and non- to moderately welded tuff units are
dominantly vitric. Three obvious llthophysae-bearlng Intervals occur In the
densely welded zone of the Topopah Spring Member. The most conspicuous zone
occurs between depths of 143m and 207m, and commonly contains from 11 to 29
percent voids. 81 percent of the fractures Identified In core occur In the
densely welded zones of the TIva Canyon and Topopah Spring Members. Fracturing
decreases significantly below the densely welded zone of the Topopah Spring.
Strike directions of fractures Identified from downhole television camera
observations In the TIva Canyon Member suggest an absence of any preferred
orientation. In the densely welded zone of the Topopah Spring Member and the
upper part of the tufaceous beds of Callco Hills most fractures strike between
N30W and N60E.
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COMMENTS:

SUMMARY:
The report consists of a description of map units and two large sheets:

Sheet 1 - Preliminary geologic map of Yucca Mountain
sections.

Sheet 2 - Geologic sections.

with geologic

The cross sections emphasize tlthologic and stratigraphic features Important to
hydrology.
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Nevada
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COMMENTS:

SUMMARY:
Geochemical, hydrologic and thermomechanical data avaliable on the

unsaturated tuffs of Yucca Mountain are tabulated In this report. Where the
data are very sparse, they have been supplemented by data from the saturated
zone or from areas other than Yucca Mountain. The report Is divided Into nine
major sections: (1) Regional Setting, (2) Stratigraphy, (3) Petrology and
Mineralogy, (4) Geologic Structures, (5) Geochemistry, (6) Ground Water
Hydrology, (7) Thermomechanical Properties, (8) Recommendations for Future
Work, (9) Data.

Specific recommendations for future work which pertain to hydrology are: (1)
Collection of In-situ pressure head data for air and liquid phases. (2) Obtain
data for relative air and liquid hydraulic conductivities vs. pressure head.
(3) collection of degree of saturation vs. pressure head data. (4)
determination of how much recharge enters the unsaturated zone by way of
fractures and how much enters by way of pore space (5) determination of the
fracture network In the tuffs and the possibility that fracture flow may
dominate pore flow In the unsaturated zone.

Other recommendations are: Detailed correlation from hole to hole of the
subsurface distributions of the tuff units Is Impossible. More subsurface data
are needed to adequately model the site.
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