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The Nevada Agency for Nuclear Projects/Nuclear Waste Project Office was
created by the Nevada Legislature to oversee federal high-level nuclear waste ac-
tivities in the state. Since 1985, it has dealt largely with the U.S. Department of
Energy’s siting of a high-level nuclear waste repository at Yucca Mountain in
southern Nevada. As part of its oversight role, NWPO has contracted for studies of
various technical questions at Yucca Mountain.
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~ SECTION 1
INTRODUCTION

Yucca Mountain, located on and adjacent to the Nevada Test Site (NTS) has been
designated as the only site to undergo characterization to determine if it meets the criteria to
become the Nation's first high-level nuclear waste repository. Durihg this process, care
must be taken to not compromise the site's integrity through excessive testing. In order to
supplement the limited data to be gathered at Yucca Mountain, analog areas are to be con-
sidered. This annotated bibliography was compiled by the Desert Research Institute to help
iavestigate ways in which Rainier Mesa could either be’used as a supplemental repository
test site or where existing Rainier Mesa data can be used either to suppoﬁ or refute test
results from Yucca Mountain. Rainier Mesa, the location of numerous underground nuclear
tests on the NTS, possesses some geologic characteristics similar to those of Yucca Moun-
tain, which makes it a likely candidate for comparison.

Reports included within the annotated bibliography are predominantly those pub-
lished by Sandia, Lawrence Livermore, and Los Alamos National Laboratories, the U.S.
Geological Survey, EG&G, Fenix and Scisson, Desert Research Institute, and available refe-
reed journal articles prior to June 30, 1987. Each of the reports contains data pertaining to
some physical aspect of either Rainier Mesa or Yucca Mountain. The bibliography was
compiled from three primary sources, the Desert Research Institute library, the U.S. Geolog-
ical Survey, and from annotated bibliographies of published Yucca Mountain reports pub-
lished yearly by the Nevada Nuclear Waste Storage Investigation project. It is possible that
the scarch of these sources was not 100 percent complete, and that a few maps and/or
reports are missing from the bibliography.

Almost 500 references regarding geology, hydrology, meteorology, biology, and ar-
chaeology were annotated and entered alpha-numerically into the bibliography. These ref-
erences were categorized into 50 topics which are defined in Section 2 and presented in
Section 3. Each reference is categorized as to whether it contains Yucca Mountain data,
Rainier Mesa data, or both, and a final category consists of those reports that contain Rain-
ier Mesa data that have already been applied to Yucca Mountain research. The annotated
bibliography is presented in Section 4.




iy Only unclassified reports are included. Classified and sensitive (official-use-only)
“ documents potentially contain useful data from Rainier Mesa, however, these must be re-
. classified prior to release. The majority of the documents in this bibliography may be found
. o -
" NTIS Energy Distribution Center
P.O. Box 1300
Oak Ridge, Tennessee 37831
or
U.S. Geological Survey
Federal Center
P.O. Box 25425
Denver, Colorado 80225




SECTION 2 _
DEFINITIONS OF CATEGORIES AND KEY TOPICS

CATEGORIES

1.

Yucca Mountain

Reports that contain data or models of the existing physical parameters of Yucca Moun-
tain and the impact of those parameters on the proposed repository performance, or the
effect of the repository on those parameters. '

Rainier Mesa
Reports that contain data or models of the existing physical parameters of Rainier Mesa

and the effect of nuclear testing on those parameters.

Rainier Mesa Testing Directly Associated With Yucca Mountain
Reports that contain Rainier Mesa data and experiments that are in direct correlation
with Yucca Mountain and the proposed repository to be located there.

KEY TOPICS

l‘

2‘

4.

Acromagnetic and magnetic surveys
Reports that contain the results of borehole and or acromagnetic surveys.

Archaeology
Reports that deal with the archaeology of Yucca Mountain.

Bibliographies
Reports that contain bibliographies relating to the hydrology, metcorology or geology of
the two sites.

Biology
Reports that assess species types and distributions on Rainier Mesa and/or Yucca Moun-

tain.

Climatology
Reports that deal with the meteorology or paleoclimate of the sites. -

Drillhole operation, construction and history
Reports that contain information or records of drillhole histories and operations.

Effect of nuclear testing on tuff

Reports concerned with the effects of nuclear testing on the tuffs and groundwatcr within
Rainier Mesa or how nuclear test-gencrated seismic pulses have been applied to seismic
stability analysis of Yucca Mountain.




9.

10.

11.

12.

13.

14.

185.

16.

17.

19.

20.

Effect of repository on tufl
Reports that are concerned with the effect that the proposed repository would have on
the physical, chemical, and mechanical properties of the geologic units located there.

Energy and mineral resources
Reports that are summaries of the location and types of energy and mineral resources in
a regional or local area.

Environmental characterization
Reports that contain summaries of the geologic, hydrologic, and mctcorolog:c conditions
of Yucca Mountain and/or Rainier Mesa.

Flood potential
Reports that assess flood potential in the area.

Fracture data
Reports that describe or contain any fracture data sugh as frequency, aperture, hydraulic
conductivity, etc.

Geochemistry
Reports on the geochemical composition and reactions of the tuffaceous rocks found at
Rainier Mesa and/or Yucca Mountain.

Geologic history
Reports that deal with the geologic history and age of various units and geologic events.

Geophysics .
Reports that contain the methods and data derived from various borehole and surface
geophysical methods.

Groundwater geochemistry
Reports that contain data on aspects of groundwater chcmxstry

Groundwater recharge
Reports that contain data or models that estimate groundwater recharge rates and quan-

tities.

Groundwater travel/retention time
Reports that document or estimate groundwater travel or residence time.

Heater experiment
Reports that are primarily concerned with the Tuff Water Migration//n Suu Heater Ex-
periment conducted by Sandia National Laboratories at Rainier Mesa.

Hydrogeologic parameters 4 .
Reports that deal with any of the following data: hydrauhc conducnvny, water content,
storativity, transmissivity, hydraulic head, water table elevation, matrix suction, pump
test or tracer test results.




21. Hydrogeologic v its
Reports that relate geologic units to hydrogeologic ones.

22. Hydro-model sensitivity
Reports that describe the sensitive parameters for local and regional hydrologic models
that include Rainier Mesa and or Yucca Mounmn

23. Imbibition and evaporation experiments
Reports that document the flow paths and processes of wetting and drying fronts in
porous media.

24. In situ stress (measured)
Reports that contain data on in situ stress fields as measured in geologic units.

28. In situ stress (modeled)
Reports that contain data on in situ stress ficlds as modeled through numeric simulation.

26. Laboratory hydrothermal water-tufT interaction
Reports that are concerned with the geochemical reactions between groundwater and
tuff at elevated temperatures.

27. Lithology
Reports that contain lithologic information on Rainier Mesa and/or Yucca Mountain.

28. Local flow system
Reports that are concerned with the local flow system of the two mountain blocks.

29. Mass transport
Reports that relate cither measured or modeled data to the transport of water, ions, or

radionuclides through tuff.

30. Mechanical properties (measured)
Reports that contain actual measured data on any of the following: Poisson’s ratio, bulk
modulus. shear modulus, tensile strength, compressive strength, grain and bulk density,
sonic properties. and other data related to geoengineering.

31. Mechankal properties (modeled)
Reports that contain modeled data on any of the following: Poisson’s ratio, bulk
modulus, shear modulus, tensile strength, compressive strength, grain and bulk density,
sonic properties, etc.

32. Mineralogy
Reports that deal with the mincralogy of the formations contained within either of the
two sites.

33. Multiphase flow and lnnsport
Reports that deal with various aspects of qumd and/or vapor phase ﬂow and transport in

a porous media.
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3s.

36.

‘37,

38.

39.

41.

42.

4.

4.

48.

46.

Nomenclature
Reports that document the changes in stratigraphic nomenclature for the units found in
Rainier Mesa and Yucca Mountain.

Nuclide Fleld Migrations Experlment
Reports that are primarily concerned with the Radionuclide Mignuon Field Study con-
ducted by Los Alamos National Laboratory at Rainier Mesa.

Petrology
Reports that list petrologic information conccnung the formations of Rainier Mesa and/
or Yucca Mountain.

Reglonal flow system
Reports that deal with the regional flow systems of Rainier Mesa and Yucca Mountain.

Regional geology
Reports that contain regional or reconnaissance geologic information.

Rock Mechanics Program
Reports that are primarily concerned with the Rock M. chanics Program conducted by
Sandia National Laboratories at Rainier Mesa.

. Rock properties (tunnel or outcrop)

Reports that contain data on the physical properties of the geologic units found in tun-
nels, outcrops and boreholes. This data consists of density, porosity, resistivity, induced
polarization, sonic properties, magnetic properties, bulk and grain density, and radioac-
tive surveys. Geoengincering parameters are gencrally excluded.

Selsmic studies
Reports that deal with seismic profiles and reflections, seismicity, sonic velocities, and
carthquake potential.

Solls
Reports that pertain to soil and soil physics and stability for the two sites.

Sorption and diffusion
Reports concerned with the adsorption and/or diffusion properties of tuffs.

Stratigraphy
Reports that contain stratigraphic information on Rainier Mesa and/or Yucca Mountain.

Structure
Reports that contain structural information lor Ralmcr Mesa, Yucca Mountain, or the
surrounding region.

Thermal studies
Reports that describe the effects of heat on tuffaceous 1ocks.

-f -




47. Vadose zone flow
Reports that contain data relating to ur-aturated zone groundwater flow and transport
properties. -

48. Volkanism risk assessment

Reports on paleo-volcanism anﬁ risk ass~ssment of future volcanism for Yuces Moun-
tain.

49. Water resources

Reports that define the water resources for the local and regiomlﬂowmmolmem
mountain blocks.

$0. Well location
Reports that contain the location of wells for areas in and surrounding the two sites.

4



SECTION 3
CATEGORIES AND KEY TOPICS

bold = Yucca Mountain data
italics = Rainier Mesa data
underline = Pertains to both areas

CATEGORIES

1. Yucca Mountain

2,3,4.56,7. 89,10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28.
29, 32, 33, 38, 38, 39, 40, 41, 42, 45, 46, 47, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61. 62. 63, 64, 65, 68, 73, 74, 75, 76, 77. 18, 19. 84, 85, 86, 87, 88, 89, 91. 92, 94, 95, 96,
97. 98. 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 119, 121, 122, 130, 131, 132,
137, 142. 143, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157. 158,159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 171.174, 175,176, 177, 178, 183, 185,
186, 187, 188, 189, 190, 193, 194, 196, 197, 198, 201, 202, 204, 207, 208, 211, 212, 214,
218, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 229, 230, 231, 232, 233,
235, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 248, 249, 250, 251, 254, 255, 262,
264, 2685, 266. 267, 268, 269, 270, 272, 273, 274, 276, 277, 278, 279, 280, 281, 282, 283,
284, 288, 286, 288, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299. 300, 301, 302, 303,
304, 308, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 318, 319, 320, 321, 322, 323,
324, 325. 326, 327, 328, 329, 330, 331, 334, 335, 336, 337, 338, 339. 340, 341, 342, 343,
344, 348, 346, 347 348, 349, 350, 351, 352, 354, 357, 358, 359. 360, 364, 365, 366, 367,
368, 369, 371, 372, 373, 374, 375, 376, 377, 3718. 379, 380, 381, 382, 384, 385, 386, 387,
388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405,
409, 411, 412, 413, 414, 415, 416, 417, 418, 419, 421, 422, 426, 427, 428, 429, 430, 431,
432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 434, 446, 447, 448, 449, 450,
451, 453, 455, 456, 452, 458, 462, 463, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475,
476, 477, 478, 479, 480, 482, 486, 494.° 495°

2. Rainier Mesa :
1,5 8 15.30, 31,32, 33,34, 36,37, 43, 44, 48, 50, 61. 66, 67,69, 70, 71, 72, 18, 19, 80.
81,82, 83.84.90,91,92.93,109,110,111,112,113,114,115,116,117,118, 120, 121,
123, 124, 125, 126, 127, 128, 129, 132, 133, 134, 135, 136, 138, 139, 140, 141, 142, 144,
161, 166, 167. 170, 171, 172, 173, 115, 179, 180, 181, 182, 183, 184, 188, 191,192, 195,
192, 199, -« 4, 201, 202, 203, 204, 205, 206, 201, 209, 210, 213, 228, 229. 231, 232, 234,
236,244, 247, 252,253, 256, 257, 258, 259, 269, 261, 263, 266, 261, 271, 275, 280, 287,
289, 293, 297, 298. 299, 315, 316, 317, 318, 321, 332, 333, 337, 341, 342, 343, 347, 349,
353, 355, 356, 352, 359, 360, 361, 362, 363, 370, 371, 378, 379, 383, 386, 387, 406. 407,
408, 410, 412, 415, 417, 420, 423, 424, 425, 428, 436, 442, 445. 446, 447, 450, 452, 454,
456, 457, 459, 460, 461, 464, 465, 466, 467, 468, 469, 470, 471, 472, 479, 481, 483, 484,
485, 486, 487, 488, 489, 490, 491, 492, 493, 494,° 495.°

3. Rainier Mesa Testing Directly Associated With Yucca Mountain
8, 31,43, 90,91, 92, 93, 120, 123, 144, 204, 205, 206, 207, 213, 228. 229, 231, 232, 234,
244, 275, 287, 297, 318, 408. 417, 447, 454, 456, 459, 460, 461, 481, 483, 484, 485, 486,
487, 488, 489, 490, 491, 492,493 ‘ -

KEY TOPICS

*Contained in addendum. -8~




10.

12

13.

14.

18.

16.

Aeromagnetic and magnetic surveys

11, 12, 63, 208, 344, 345, 426

Archaeology

311, 312, 313, 476

Bibliographies

14, 32.35 164, 168, /73, 270, 313

Biolog

8s, 86 87, 88, 89, 258, 262, 291 292, 291, 495°
Climatology

32, 33, 74, 75, 76, 77, 130, 166 386 382 428 469

Drillhole operation, construction and history
18, 78, 94, 98, 147, 148, 149, 150, 151, 152, 153, 154, 155 156. 157, 158 159, 160, 247,
267, 288, 350, 352, 413, 414, 415, 443, 462, 463, 419

Effect of nuclear testing on tuff
44.67,71,72, 81,114, 127,135, 170, 181, 203, 253, 259, 260, 271, 353, 423, 424, 425,
436, 437, 438, 439, 430, 441, 464, 465 /

. Effect of repository on tufl

29, 35. 43, 47, 93, 120, 123, 205, 206, 218, 220, 221, 222, 223, 224, 228, 226, 232, 238,
296, 303, 304, 308, 329, 334, 380, 419 454, 484, 486, 487, 490, 491, 492

Energy and mineral resources
13, 14, 132, 174, 331 IN

Environmental characterization
20, 174, 422, 433, 494°

tential
73 39;’0

Fracture data
10, 40, 57, 58, 59, 138, 146, 169, 239, 246, 253, 258, 260, 288, 310. 333 410, 416, 420

Geochemistry

34, 38, 39, 40. 42, 49, 56, 90, 91. 92. 100. 107, 110. 112, 114. 116, 138. 139, 140, 141,
148,163, 171, 174, 182, 181, 191, 192, 199, 203, 213, 217, 218, 219, 220, 221, 222, 223,
224, 228, 226, 236, 238, 252, 298, 299. 303, 304, 308, 329, 180, 381, 388, 430. 450, 451,
459, 460, 461, 464, 482

Geologlc history
80, 63, 372. 383, 398, 399, 402, 404, 408

Geophysics

18,19, 31,69, 70. 71, 94, 9S. 104, 108, 106, 109, 111, 126, 162, 177, 178, 185, 188, 186,
187, 189, 195, 196, 210, 243, 277, 278, 279, 306. 314, 332, 333, 344, 348, 350. 351, 352,
i:; 368, 369, 375, 384, 385, 390, 394, 395, 407, 411, 413, 414, 423, 424, 425, 445, 462.

Groundwater geochemistry

16,17, 18, 19, 23, 30, 47, 56. 18. 19. 81. 82. 83, 94, 95, 96. 107, 108, 115,119, 174, 19/,
212, 213, 214, 227, 243, 254, 256, 266,268, 269.-273, 274, 287, 294, 301, 303, 304, 30S.
338, 350, 352, 353, 389, 360, 410. 411, 444, 446, 457, 458, 459, 460, 461, 462. 463. 470.
471, 472, 478, 419, 482

"Containcd in addendum. -9




i‘l. Groundwater recharge
79, 101, 286, 353, 181, 368, 444, 449

18. Groundwater travelretention time ‘
82, 168, 191, 286, 308, 373, 374, 419, 444

19. Heater experiment
43, 93, 120, 123, 208, 206, 454, 484, ARG, 487, 490, 49], 492

20. Hydrogeologic parameters
6. 17,18, 19, 30, 31, 34, 38, 47, 48, 63, 69. 18, 94, 98,96, 103, 112, 113, 115, 116, 117,
119, 125, 146, 161, 227, 239, 242, 243, 258, 268, 269, 273, 274, 275, 306, 310, 312, 334,
340, 350, 351, 352, 361, 362, 363, 383, 410, 411, 413, 414, 415, 443, 444, 4585, 462, 463,

471, 472, 475, 490

21. Hydrogeologic units
30, 174, 300, 352, 367, 444, 468, 472

22. Hydro-model sensitivity
27' m 3” /

23. Imbibition and evaporation experiments
28. 122, 125 176, 239, 309, 335, 354

24. In situ stress (measured)
gl 124, 128, 134, 135, 136, 179, 188, 257, 259, 261, 289. 364, 393, 394, 39S, 420, 4213,
424, 425, 452, 488, 490

28. /n situ stress (modeled)
7. & 36, 400

26. Laboratory hydrothermal water-tuff interaction
108, 217. 218. 220, 221, 222, 223, 224, 228, 226, 268, 273, 274, 302, 303, 304, 30S

27. Lithology
18, 19, 34. 78. 94. 98, 111, 119, 140, 182, 236, 238, 241, 243, 247, 232, 275, 341, 350,
382, 366. J28. 411, 413, 414, 462, 463, 473, 478, 419 :

28. Local flow system
J0. 101, 102, 169. 216, 256. 308, 336, IS3, 367, )68, 4]0, 418, 419, 434, 439

29. Mass transport
15, 80, 81, 107, 239, 373, 374, 377, 418, 419, 412

30. Mechanical properties (measured) .
31,112,126, 129, 137, 203, 228, 272, 282, 283, 284, 296, 292, 118, 319. 320, 321, 322,
3’1; 3‘2’; 328, 326. 327, 406, 407, 411, 424, 425. 456, 483. 485, 487, 483, 489, 490, 491,

31. Mechanical pmperties (modeled)
9, 131, 204, 229, 230. 249, 300, 408, 43!

32. Mineralogy ' _
21. 22, 23, 24. 28. 26. 39. 40, 42, 53, 57, 58. 59, 60, 125, 140, 141. 111, 177, 192, 199.
241, 263, 288. 295, 342, 370, 380, 398, 401, 431, 432, 434, 451, 453 p

33. Multiphase flow in transport
28, 112, 206, 214, 329, 346, 376. 377, 478

*Contained in addendum. .10 -




fature

2in" 64, B4 118, 174, 192, 240, 290, 298, 318, 316, 12, 358

: ;‘»" 33. Nncndc Fleld Mlzntions Experlment

A ,;-,v’ 144 287

','.:"‘ 3‘- Petro ) A .

v 18,19, 23, 24, 41, 49, 81, 84, 88, €5, 90 21.22.”2 113, 118, 116, 117, 138, 182, 190,
i;;l 2‘1593 237 240, 24! 346, 253, 290 295.229.321 325 311.313.383 401, 429, 430,

F;;3‘1. Reglonal Dow

HE 0, 121 201 280, 332, M9, 359, 360, 442, 444, 466, 467, 469, 470, 471, 472

% 38. Reglonal geo

" S I 1320 Az, ame

" 39. Rock Mechanles Program
w0, T 483, 488, 487, 438, 489, 493

. 40 Rock propertles ’
1,2,3,4,34, 37,48, 69, 70, 104, 108, 106, 112, 113, 114, 115, 116, 117, 138, 140, 141,
177, 178, 182, 199, 203, 207, 209, 210, 233, 238, 236, 239, 253, 283, 300, 317, 328, 406,

407 411, 422, 424

41. Selsmic studies
66, 67, 71, 174, 184, 194, 218, 244, 251, 272, 281, 307, 336, 341, 342, 343, 364, 396,
397, 404, 408, 421, 427, 436, 437, 438, 439, 440, 441

- 42, Sofls
193, 198

43. Sorption and diffusion
142, 143, 211, 214, 287, 298, 348, 382, 409, 431, 434, 438, 447, 473, 474

. 44, Stratigraphy
Ta 34,39, 40, SO, 52. 83, 84, 60, 63, 65,68, 110, 111, 113, 114, 118, 116, 117, 126, 139,
140, 141, 172,174, 180, 181, 182, 199, 228, 236, 248, 246, 250, 281, 300, 318, 342, 356.
igg. 3‘6763. 379, 383, 388, 389, 390, 391, 406, 407, 411, 414, 423, 424, 425, 4217, 429, 444,

Q; 48. Structure
62, 65, 72, 110, 111,114, 118, 116, 117, 128, 126, 127, 138, 139, 140, 141, 172, 174,
180, 181, 182, 199, 200, 228, 236, 244, 246, 252, 285, 299, 336, 339, 256, 365, 366, 368,
379, 388, 389, 390, 398, 399, 406, 407, 423, 424, 428, 427, 465, 475,

‘ ‘J"r: ;'

r 46 Therma! studies
24, 47, 63, 131, 174, 203, 204, 231, 232, 233, 234, 235, 238, 275, 276, 283, 300. 357,
358, 380 381 11_7, 484, 486, 487, 489, 490, 491, 492

;‘* €7, Vadose zone flow
-7 216, 264, 268, 308, 324, 353, 410, 418, 448

\" - 48. Volcanism risk assessment
Loty 63,97, 98, 99, 100, 379, 429, 430

’ “ ff‘Comained in addendum. TR
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- SECTION 4
ANNOTATED BIBLIOGRAPHY

1 Allingham, J.W,, 1966, Remnant magnet-
fsm of rhyolitic tuffs at Rainler Mesa, Nevada Test
Site: Geological Soclety of America, Special Pa-
pers, v. 101, p. 383,

The remnant magnetiam of 65 umllu of Terttary ash-
flows tufl was investigated as 8 gonib ald i3 correlating
volcanic units in the Nevada Test Sie. Ladorat~ry measure-
ments showed significant differences in polarity and in direc-
t:.n of remnants, which are useful in siratigraphic studies in
this area.

2 Anderson, L.A., 1981, Rock properiy
nmjl_rh of cors samples from the Calico Ilills
UE18e-3 borehole, Nevada Test Site, Nevada: U.S.
Geological Survey open-file report 81-1337, 38 p.
Samples were measured for density, porosity, resia-
tivity, induced polarization, compressional sonic velocity,
and magnetic rnpnm. The samples were similar 1o three
distinct subunits of argillile underlain by a marble section.
The relatively high remnant and induced magnetization of
the allered n;rlmo subunit is a distinguishing feature of that
section of argillite. Most of ihe measurements were variable
dus 10 & complex history of formation and deformation.

3 Anderson, L.A., 1981, Rock property
snalysis of core samples the Yucca Mountain
UE2$a~1 borehole, Nevada Test Site, Nevads: U.S.
Geological Survey open-file report 81-1338, 36 p.

Core samples from the UE25a=1 borehole (Yucca
Mountain area) were measured for bulk density, porosity,
resistivity, induced polarization, compressional sonic veloc-
fty. hydraulic conductivity, magnetic susceplibility and rem~
nant magnetization as part of a large scale site evaluation of
Yucca Mountain. The samples were taken from the follow-
ing units, the Paintbrush Tuff, the Tuffaceous Beds of the
Calico Hills and the Crater Flat Tufl.

4 Anderson, L.A., 19834, Rock property
measurements on large=volume core samples
from Yucca Mountain USW GU-3/G-3 and USW
G-4 borsholes, Nevada Test Site, Neveds: U.S,
Geologicatl Survey open-file report $4-552, 39 p.
Core samples were selecied 10 be represeniative of the
majot lithologic variations observed within the siratigraphy
of the drill site. They were measured for electrical resistinty,
induced polarization, porosity, bulk and grain density, and
com lonal sonic velocity. The results are intended %0
e & means of rock property charactierization that is not
normally possible with conventional borehole sechniques.

[ ] Bell, S.H., 1907, A geologic reconnals.
sance [n sonthwestern Nevads and eastern Califor-
nis: U.S. Geological Survey Bulletin 308, 218 p.

A genenlized geologic map of southwestern Nevada
and eastern California ls presented. Both Yucca Mountain
and the area In the vicinity of Rainier Mesa are discussed.

6 Barr, G.E., 1935, Reduction of the well test
data for test well USW 1{-1, adjacent (o Nevada
Test Site, Nye County, Nevada: Sandia Natlonal

lgnh!:o:-‘mrlu report SANDS4-8637, Albuquerque,
[] .

The :nwdm and recovery data for three e,
fhree recovery tests, and six injection tests in well US H-1
are seduced %0 determine hydraulic conductivity and
sworativity, assuming the med is bomogeneous, iso-
tropic, and porous. Conduetivity ranges from abowt 10°3
m/s in the wpper 2one 10 10-19 m/s in the lower sone, and
storativity ranges from 5 x 107 10 abowt 0.5,

? - Rauer, $.J.. and tlolland, J.F., 1987,
Analysis df in site stress st Yuccs Mountain: Sandis
Nations! Laboratories report SANDS6-1808C, Al-
buquerque, NM, 11 p. . .

A meihod has been developed to initiaiize far-field fi-
nite element models such that the measured In sty stress
state appears 10 he reproduced well. The method inchudes the
use of ihe mechanicat stratigraphy. mechanical effect of
pore pressure, gravity joading, tectonic component of stress,
and tse of a Jointed rock mode! to calculate the mechanical
response. Topographic effects and effechs related 1o the ver-
tical variation in mechanical properties are predicied for re~
posiiory depths. Gravity loadings with a small hortsontal
compression are wsed 0 cakulate a minimum borizonta)
stress similar in magnitude 1o that measured in site.

] Bauer, S.J., lHolland, J.F., and Parrish,
ND.K., 1985, Implications adbout n sitw siress at
Yucca Mountain: 26th U.S. Sympostum on Roeck
.‘\::;h'o'v;l'ﬂ. Rapid City, SD, June 26-28. 1935, p.

This paper uses the regional logic studies that per-
tain 10 the siress stase at the Nevada Test Sitwe, stress meas-
urements in Yucca Mountain, and stress measurements in
neartry Rainier Mesa, in confuncthion with finise element cal-
culations 1o estimate the /in sits stresses at Yucca Mounuain.
Based on these data, values of latera]l earth-stress coeffl~
cients in tae range of 0.3 < &, <0.8 are reasonabdle for re-
pository depths in thermomechanical analyses.

Rauer, $.J., Thomsas, R.X., end Ford,
..M., 1985, Messurement and caiculation of the
mechanical response of 8 highly fractured rock:
Sandias National laboratories report SANDS4-
2020C, Albuquerque, NM, 8 p.

The first sieps 10 validate & materiat constitutive model
fot a jointed rock mass have been compieted. The contin-
wum mode), as viilized hers within a {inie slement code,
consists of & material constitutive description based on the
linear elasiic behavior of the matrix material and ponlinear
normal and shear behavior of fracture planes.

10 fNarton, C.C., 1986, Fractal geometry of
two-dimensional fracture networks ot Yuccs
Mountain, southwestiern Nevada: in Proceedings
of Internationst Symposium on Fundamentals of

. Rock Joints, Bjorkliden, Lapland, Sweden, Sept. -

15-28.

Fracture fraces exposed on three 214 10 260 m? pave-
ments in the same Miocene ash-flows nuff at Yucea Moun-
fain, southwestern Nevada, have been mapped at a scale of
1:50. The maps are two-dimensional sections through the
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imensional metwork of strata~bound § wtures. All
pped. The Chtrivutions of ettt l'rmb.b::
me . of {racture-trace lengt
sormal. The {ractures do not exhidit -n-«nml sel hased
on orientation. A f(racial analysis was ¢onducted for each
setwork. Each network 10 be fracmi and the fracts)
dimensions ars tightly chmtered. :

11 Bath, G.D., and Jahren, C.E., 1984, Inter

pretations c{ magnetic snomalies at s poientisl re-

ftory site located In the Yucea Mountain ares,

evada Test Site: U.S. Geological Survey open-file
report 34-128, 40 p.

In the Yucca Mountain arva neat the southwestern bor-
det of the Nevada Test Stie, studies of the relation of mag-
setic properties 0 features have provided structural
information at and near the potentiat repostiory site. lnter-
presed features inchude & tabulat mass of magnetized sedi-
mentary rock bensath thick deposits of volkcans and §1 ma-
Jot favits that strike t‘"‘n’ sorthward and dispiace mag-
petized vokcanic roe

13 Bath, G.D., and Jahren, C.E., 1915, Inves.
tigetions of an seromagnetic anomatly on the west
side of Yuccs Mountain, Nys County, Nevads:
U.S. Geological Survey open-file report 83-459, 24
¢ A prominent actomagnetic anomaly of 290 aT en the
potential repository s was further delineated through the
use of ground magnetic traverses The resuls indicate that
the ground magnetic anomaly 8 caused by contributions
from at }east three sources. The elevated topography nvu a
ferrain effect since the alitude &8 decreased hetween the air
lane and the exposed Topopsh Spring Member of the Paint-
h Tuff. Ground anomalies m south of the air meaxi-
mum indicate either an increase In magnetization or the
presence of a small intrusive body.

13 Bell, E.J., and Larson, L.T., 1982, Over-
view of energy and minersi resources for the Ne-
vada nuclear waste storage Investigation, Nevads
Test Site, Nye County, Nevada: Reynoids Eleciri-
cal and Fngineering Co., Inc, NVO-150, L.as Vegas,
NV, Sept., 1952, 64 p.

This report addresses energy resources incuding hydro-
cardons, geothermal and radivactive fuel masenals, mineral
resources (including base and toun metaks and associ-
awd minerals), industrial minerals and rock maserails which
occur in the vicinity of the NNWSl area. A generahzed com-
mentary s provided on past and present mining snd expiora-
tion activity, with discussions of resource posential in a con-
text of the regional resource base and projecied luture de-
mands {or these resources.

14 Bell. £.5., and Laron, L.T., 1982, Anno-.
tated biblingraphy-overview ol energy snd mineral
resources for the Nevada nuclear waste storage in-
vestigstions, Nevada Test Site, Nye County, Ne-
vada: Reynolds Filectrical and Fngineering Co..
Inc., NVO-250, 73 p.

References of this didliography were selecied in order 1o
n&wﬂ the environmental characienzanon of Yucca Moun-
tain.

1 Benson, L.V., 1976, Mass (ransport In
vitric tulfs of Rainier Mess, Nye County, hevada:
D.el;.ﬂ Research Institute Publtication NVO-1283-
16, P.
Chemical and physical analyses of reactant and uct
hases found in sud-aerially-exposed vitric tufls of Rainier
esa Indicate that diagenetic alteration s occurring today.
Varfations within the fhuid phase a3 a function of depth sug-
gest a vertical transport sysiem whereby the dissoluten of
metastable glass drives the sequentisl precipiiation ef
monimorillionite, clinoptilolite, and possibly analkime.

16 Benson, L.V., and McKinley, P.W., 1988,
Chemical composition of groundwater in the Yucca

. ¥ o~ o

Mountsin sres, Nevada, 1971-84: U.8. Ceclngicel
Survey open-file report 85-484, 19 p.

Fl‘un test wells in the Yucca Mountain srea have been
sampled a1 least once for chemica! ana'veis during 1971-84.
Sodiuma was the most abundant cation, and bicardbonate was
the dominaie anton. Sampies from the deep carbonase aqui-
fer contained higher relative concentrations of cakium and
magnesium thaa did um‘u from overlying vokanic ruffs.
Concentinations of the stable isoto of oxygen and hydro-
gen were relatively negativetlight) and had devtertum-ex-
cess values 180 from -3 10 -10. The distribution of un-
correcied radiocs ages of water [rom the cprnu’o‘z
lock on Yucca Mounuain ranged from 12,000 to 18,
years Mefore . A significant de of lateral and ver-
tical chemical inhomopeneity exises in the groundwater of
the Yucca Mounwain area.

1?7 Benson, L.V., et ol,, 1983, Chemicatl com-
position of groundwater and the focations of per-
meable sones in the Yuccs Mountain ares, Ne-
vada: U.S. Geologicil Survey open-file report
83-854, 19 p.
Ten wells in the Yucca Mountain ares have been sam-
for chemical analysis. Sodium is the most abundant cak
e and Mcarhonale the mrst abundant anion in all warer
samples. Dilferences were found in uncorrected carbon-14
and in (norganic and stable-isotope composition.
Giroundwater production is ususlly from one or more discreie
sones of permeabdslity.

/

18 fentley, C.0., 1984, Geohydrologic data
for test well USW G-4Yuccs Mountain area, Nye
County, Nevada: U.S. Geological Survey open-file
report 84-84%, 48 p.

. Thu report presents data on drilling operations, lithol-
ogy, hurehole nophy\kl. hydrologit monitoring, core
analvsis, water chemntry, rum:m* tests, and packer-inpece
tion testa [of teel well USW (i~ his well is located on the
eastern flanhks of Yucea Mouniain.

19 Rentley, C.B.. Robdbison, J.H.. end
Spengler, R.W,, 1983, Geohydroiogic data for test
well LSW 11-§, Yuccs Mountain ares, Nye County,
Nevada: LU.S. Geologics) Survey open-(ile report
83-88), I8 p.

Daa on drilling operstions, Mbology, dorehole geo-
physics. nater-Jevel monsionng, core amgsh. groundwater
chemisiry, ping vesis. and pacher-injection st for test
well USW H-$ are presented .

20 ferirem, $.G., 1982, Nevade nucicar wasie
storage Investigations environmenital ares charsac-
terization repart: The Mitre Corporation, Mclean,
Virginia, SAND 83-7132, 123 p. )

The environmental area characierization report de-
scrihes the snuthwestern cornet of the Nevada Test Sive. Nye
County, Nevads, a polential site for a geologix repository for
high-level nuciear wasie. The characierization summarizes
reporis suppied by Sandis National Laboratones. wshich
covens the lollowing lopxcs atmosphere, radiation back-
ground. hydrosphere, bosphere, energy. mineral resources,
socloeconnmics, and cultural resources.

11 Nish, D.1.., 1981, Detalied mineralogical
charecieriration of the Bullfrog and Tram Mem-
bers In USW-GL, with emphasis in clay minerst.
‘\'l. :S'I‘“ Alamos Natlunal laboratory LA-9811-

. P. -

Thr study characierizes the amounts and types of cley
minerats 1n the tufts and Ihe possible effects clay minerabs
have on rwk properties (lay mineral formation occurred
sfier reoltte crystalitzation and under conditions similar o
those In the rocas today 1t is atso likely that the groundwater
n the tuffs has inhidited the smectite-to-illite reaction.

22 Bish, D.5.., and Chipera, S.J., 1986, Min-
eralogy of drilihotes J-13, UE-25A%1, and USW G-
8t Yucca Mountain, Nevada: Los Alamos Natlonaet
lLaboratiory report 1.A-10764-MS, Lous Alamos,
NM, 23 p. .

The mineralogy of driltholes J-13, UB-25A#1. and
USW (i-1 was previously delermined using qualitative and
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nnkl:amnh techniques, and most of the svafladle data
were incomplete and inaccorate. New quantitative x-ray dif-
fraction data were obtained for socks from all three of these
érililholes. New M::othpomm include betwes con-
strans on the of the more seludle silice

[ o4

b s Bish, D.L., Ogard, A.E., and Vaniman,
D.T.. 1984, Mineralogy-petroiogy end ground-
water geochemisiry of Yucca Mountaln tuflfs: In
McVay, G.L., [ed), Proceedings of the Seventh In-
ternations! Sym ia on the Scientific Basts for
Nuciear Wasie Management V1i, Boston, MA, No-

vember, 1983,

Thisas of the minersingy of Yucca Meuntain as s
function of depth and lateral position te predict the horison-
! and vertical distribution of thess imporiant powntielly re-
active and sorptive minerabs, Ia addition the groundwater
chemisiry s studied along with the minera » we a3 lopnt
1 codes for calculating ¢
from the ;xpository o Ihe sccessible environment.

34 Bish, D.L., et al., 1932, Summoery of the
Minerstogy-Petrotogy of tuffs of Yucca Mountain
snd secondary-phase thermal stability in tuffse:
Los Alamos Netional Ladorstory LLA-9321-MS, 47

P.

This report describes the currently known range of lat-
sral vanability of the teff units and the vanation n mineral
egy and petrology from wnit o wnnt as determined through
studies ol rifl core. The dstribution of momr;.phnm‘
tnciuding clays and svolttes is abbo documensed. The elfecs
of emperature on these secondary phases and the resultant
eflects on a repostiory are alo reviewed.

29 Bish, D.L., and Semsrge. R.E., 1982,
Minerslogic variations in a silicic tulf sequence:
evidence for diagenetic and hydrothermal reace
tions: sbetrect, 19th Annual Clay Minerals Society
Meeting, 1110 111, August 8-14, 1982,

The mineralogy of clay and reohie minerals in the vicin-
Ity of Yucca Mouniain as a function of depth is discunsed.

28 Bish, D.L., and Vaniman, D.T., 1988,
Minerslogic summary of Yucca Mountain, Ne-
vade: L.os Alamos Nattonal labdbarstory report
LA-10543-0MS, Los Alamos, NM, $4 p.

A quantiative x-ray powder #ifIraction snalysis of wffs
and silicic lavas, ming mairix-fiushing techniques, has heen
used 1o ohtain a model of three-dimensonal mineral dmir-
butions at Yucca Mountain, Nevada.

27 Bixler, N.E., and Faton, R.R., 1984, Sensi-
tivity of calculated hydrologic flows through multl-
layered hard rock 1o comgpulations! solution proce-
dures: from Sympaoasium of Groundwater Flow and
Transport Modeling for Performance Assessment
of Deep Geotogic Disposal of Radiocactive Waste,
Albuquerque, NM, May 20, 1985,

Permeability and moisture content curves for partiafly
saturated fractured, welded tuffs, such as thoee found near
the site of ahrfm‘rcnn nuclear waste reposiinry al Yucca
Mountain, Nevada, are highly non-linear. The authons it~
fustrase, by means of a one-dimensional problem of infiltra-
tion into multilayered fractured nufl, the numerical instabdili-
thes that can arise when analyning the flow in such porowms
matwerials. The results from two pumerical schemes are com-

pared

20 Bixler, N.E., and Faton, R.R., 1987, Dry-
ing analysls of a multiphase porous-flow experi-
ment In fractured voicanic 1ulf: Sandia Netional
Laboratories report SAND36-8722C, Albuquerque
NM, 20 gm' .
A submeter-scale drving experiment has been analyred
using a Ninite element, muliphase-(flow code. In the expen-
ment. an initially wet cylindrical core of fractured vokanic
tuff was dried by blowing dry nirogen ovet the ends. Resulns

trampsport rase of washe elements

indicate that water i transporied chiefly as liquid from the
interior to the edges of the core, where It evaporates and o9~
capes out the ends. Thus, liquid-phese transpori controb
the everall drying rate.

- 39 Blacte, J., 1992, Effects of long-term eapo-

sure of tulfs (o high~tevel nuciear waste-repository
conditions. Preliminary repori: Los Alamos Na-
tional laboratory report LA-9174 -PR, Los
Alamos, NM, 30 p. :

Tests have been performed to explore the = Tects of ex-
tended ¢ ure of tuifs (rom the southwesiern portion of the
Nevada Test Sine 10 emperatures and pressures similer to
thove that will be encouniered in 8 high-level nuciear waste
repository. Toff samples ranging from highly weided. non-
solitized 10 suwsided highly reolitized were subjecied
0 30, 90, and 120°C mmperatures, conf! pore pressurer
o1 0.5 10 19.7 MPa, and waiet pore pressures of wp 10 19.7
MPa for 2 19 § moaths. Resuls indicate that depending on
rock type snd exposure conditions, significant changes in
ambient tensile strength, compressive strength, grain den-
sity, and porosity were measured. :

' Nlankennagel, R. K., and Welir, J.E., 197),

Ocohydrolog‘of the eastern part of Pahute Mesa,
Nevada Test Site, Nye Couny, Nevads: U.S. Geo-
logical Survey professions! paper 712-B, 3§ p.
The geologic setting. hydrogeologic units and thewr hy-
drologic parameters, regonal and local groundwater flow
paths, groyndwatet chemmsiry. and engineering hydrology of

cactern Pahute Mesa b ned This area is just 10 the
nonih and northwest of Rainter Mesa.
31 Noard, M.P., Wilson, M.L., and Voegete,

M.D., 1937, Laboratory determination of the me-
chanical, ulirasonic and hydrologic properties of
welded 1uff from the Grouse Canyon fieated Block
Site: Sandia Natlonal Laborsiories contractor re-
port SANDBE-7130, Albuquerque, NM, 88 p.

The results of & laboratory testing m conducied to
determine the mechanical, sltrasonic, and hydrologx pro
ertwes of samples from the Girouse Canyon Member of :5
Belwed Range Teff ox in the GTUF Heated Block Al-
cove, U12g Tunnel, Nevada Test Site are descnibed.

2 Rowen, J.L., and Fgami, R.T., 1983, An-

notated Hibliography for atmospheric overview for

the Nevada Nuciesr Waste Storage Investigations,

Nevada Test Slte, Nye County, Nevade: Desert Re-

;;onh Institute report NVO-268, Las Veges, NV,
P.

This Mdliography covers a number of aspects which will
the incorporated environmental assessment on the effects ol a
puciear »asie reposttory on the aw quality of the Nevada Test
Site and environs. Literature was garnered for the following
topxce: |} weather and climate of southern Nevada ; 2) long-
erm climatology of the southwest; J) climatology of the Ne-
vada Test Siw; 4) diffuaion assnciated with the NRDS at
lackass Flata; 5) av tity of the southwest; 6) regronal
d:rmoa charactersixs: 7) dispersion modeling over Nat
and complex terrain; ) fugiive dust studies; 9) nowse. and
10) regulations and recommended procedures.

3 Nowen, J.L., and Fgemli, R.T., 1983, At-
mospheric overview for the Nevada Nuciear Waste
Storasge Investigations, Nevads Test Site, Nye
County, Nevada: Desert Research Institute report
DE84002818, Renn, Nevada, 7S p..

This repont discusses the simospheric considerations
for & nuclear waste repository st Nevada Test She. It pre-
sents the climatology of Nevada, and the Nevada Test Site in
particular, including placoclimatnlogy, average nt chi-
matology, and occurrences of extreme weather. {1 discusses
alt iy aspects, notae problems., and outlines a plan lor
an Environmental Impact Staement.

34 Rowers, W.F,, 1944, Outline of the geolngy

aof the 1'121 and U121.01 tunnels and llthnlogy of the
LU'121.91 drilthole, Nevads Test Site: U.S. Geologie
cal Survey repont TEL-842, 23 p.

The stratigraphy, chemwiry, hithology, density, poros-
1y, waler content, and magnetic suscephibility are reporwed
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fot the tuffaceoms unte found withia the U121, U121.01 drifs
and U121.01 driilole. These drifis are Jocatwd tn the Aque-

* dwet Mesa Just 1 the northeast of Rainter Mesa.

3 Braithwalte, J.W,., snd Nimick, F.B.,
1984, Eftect of host-rock dissolution and preciptia~
tlon on permeabdlility in @ nuciear waste repository
in tuff: Sandia National Laboraiories report
SANDS4-0192, Albuquerque, NM, $i p.

A study bes been conducied 10 determine whether ther-
mally induced, host-rock mineral dhasolution and precipita-
tion processes could decrease the lsolation capabdility of a po~
weatial high-level sucieas wastwe n‘:mon in tufl by signift-
cantly shering the permeadility of the formation. Cumulative

ity changes were shown 10 be very small, and net de-
creases in porosity were shown 19 occur only in the vicinity of
the repository horisen if the watet vaporizes. The éif-
ferences in permes for both matrix and {racture Nlow re-
sulting from these small cumulative porosity changes should
have no significam eflect on the overall hydrologic patierns
a1 Yucea Mowatain.

» Brethawer, G.E., and Magner, J.E,, 1977,
Anatysis of the effect of a buried hemispherical ex-
cavation on the surrounding siress distribution:
U.8. Geologics! Survey report USGS- 474-237, 18 p.

An investigation of the stress around a bured
hemispherical extavation, wing finie element methods,
was undenaken nest the Ul2¢.13 drift 10 snalyre and com-
pare the effect of orientation relative 10 sn assumed in N
stress field. The most stable orientation of the hemispherical
excavaiion s thatl in which the base s perpendiculas 1o the
dmm':‘:l the minimum stress axis of the sssumed ia Niw
stress . :

n Rrethouer,G.E., NMagner, J.E., and
Mfiller, D.R., 1900, Statisticatl evaluation of physi-
cal properties In Area 12, Nevada Test Slie, using
the USGS/DNA storage and retrieval system: U.S.
GCeological Survey report USGS-474-309 (Specis)

Projects-43), %4 p.
,;’M U 8..0u;¢u| Survey/Defense Nucless Agency

Physkcal Properties Stworage and Retrieval System was wsed to
generate lables ‘mm the basic statistics of physical

rties data sem 80 sccording %0 geologi identifca-
tion and tunnel compiex in Rainier and aqueduct Mesa. The
results of this stedy indicate that N0 conc husive consisient e~
lation exists between geologe identification and physical
property average value,

» Broxton, D.E., 1985, Chemical variabilhy
of seolites st a potential nuclear waste repository,
Yuccas Mountain, Nevads: Los Alamos National
lﬁa&l’m?’lon report LA-UR-85-3933, Albuquerque,

. P.

The compositions of clinoptilofites and thelr host tulh
have heen examined by electron microprobe and x-ray Mwo-
rescence, respectively, 10 determine their varahility ot a po-
wntial puciear waste repository.

b Broxton, D.E., Bish, D.I.., and Warren,
R.C., 1987, Distribution and chemistry of
diasgenetic minersis st Yucca MNountain, Nye
County., Nevadai Clays and Minerals, vol. 38, no.
3., p. B9-110,

Beneath Yucca Mountain, fowr diagenetic mineral
sones have been recognized that hecome progressively less
hydrous with depth. The chemistry, mineral sssembie ges,
Jocation and thickness of these 2ones are described.

40 Broston, D.E., and Carios, B.A., 1984,
Zeolltic slteration and fracture fillings in silictc
tuffs at a potentiial nuciear waste repository, Yucca
Mountain, Nevada: Los Alamos Nationel Labore-
tory report LA-UR-86-141), Los Alamos, NM, §p.

This paper descrides the distribution and chemntry of

seolites in tuffs snd in fractures at Yuccs Mountain. A vart-
ety of techniques were wsed 1o characierize the distribution
and chemisiry of zeolites in these samples.

a Broxton, D., et ol., 1982, Detalled petro-
graphic descriptions srd microprobe dsta for
driliholes USW-G2 en” UE2Sb-11{, Yucca Moun-
tain, Nevads: Los Alamos Nestional laboratory
LA-9324-MS, 162 p,

These drillboles penetrate 8 thick sequence of volcani
rocks coraisting of vo nous ash-lows tuffs, inter calated
whih thin bedded tufts and minor lavas. This report containe
detajled petrologic descriptions. Microprobe. analyses of
feldspars and mafic phenocrysts as well as secondary feid-
spars are tabulated. o

41 firoxton, D.E., et al., 1986, Chemlistry of
diagenetically altered tuffs at a potentis! nuciear
waste repository, Yucca Mountsin, Nye County,
Nevada: L.os Alamos National Laboratory report
LA-10802-AS, Los Alamos, NM, 160 p.

This report describes the chemistry of diagenetizally al-
tered tuffs at a posential puclear waste repository in Yucea
Mountain. The degree of chemical variability within the
diagenetically ahered tuffs snd within diagenetic minerab b
descnbed.

4 Bulmer, B.M., 1988, Pretest thermal
analysis of the (uff water migration/in st hester
experiment: Sandis Nationsl Laborstories report
SAND-79-1178, Albuquerque, NM, 43 p. .

The pretest thermal analysis for the hufl water migra-
tlon/in site heater experiment to be conducied in welded tull
n G-Tunnel. Rainler Mesa, » ated. The parametne
thermal ling considers variable hoiling temperature,
tuff thermai conductivity, tuff emiasivity, and beater operat-

ing power.

44 Bunher, C.M., Diment, W.I1., and Wi
marth, V.R., 1968, Distribution of gamma-redio-
activity, radioactive glass, and temperature sur-
rounding the site of the Rainler underground nu-
clear eapinsion, Nevada: LU.%. Ceological Survey
professional paper 406-8, p. 151-1358,

The gamms ndbocnml; emperature distridution,
and radioaciive distrivution for the Rainier explosion
conducted withia UI2Dd tunnel are brieflly presented here.

48 Burchfle), B.C., 194, Reconnaissance
geologic map of the lathrop Wells 1S5-minute
gundr-nglc. Nye County, Nevada: U.S. Geological
Survey Mlscellaneous Geologic Investigetions
M"T:‘"' ne pretimi

is map conta pre nary geologic investigations
for southern Yucca Mountain and Lathrop Welh. "

a6 Push, C.A., Bunker, C.M,, and Spengler,
R.W., 198), Radloglement distribution in drilthole
USW G-}, Yuccs Mounitain, Neveda: U.S. Geologi-
cal Survey open-(lile report 83-847, 18 p.

The radioelement content (radium equivalent uraniem
(RaeU), thorium, and potassium) of samples collecied from
drilthole USW G-1 was measured to characierizs the geo-
fogic units penetrated by the hole, 1o determine the homoge-
neity of the ¢ .its, and 10 asceriain where redistribution of the
adio ¢lements may have occurred.

47 Byerice, J., Morrow, C., and Moore, D.,
1983, Permeabliity and pore-tiuid chemistry of the
Bulifrog Tull In a temperature gradient: summary
of resutte: U.S. Geologics) Survey open-file report
l)-l“’r!. s p.

he purpose of this project is 10 investigate the chan
that take place with time when groundwater comes in com::'!
with heated rock, and 1o determine the ease with which po-
fential radionuclide-bearing groundwater could be carned
fnto the environment. The permeability and Nuid chemmiry
of the Bullfrog Tuf! is studied under conditions resembdling a
nuciear wasie repository.

43 Ryers, F.M., 1961, Porosity, density, and
water content data on tuff of the Oak Spring For-
mation from the Ulle tunnel system, Nevada Test
Site. . Nye County, Nevads: U.S, Geological Survey
report TE1-811, 37 p. . T

This repon summarires the porosity, density and water

conwient of the tunnel beds found within Ul2e runnel, Rainter




7 Muesa. The average porosRy ranges from 25 10 40 % and gen-
enlly increases stratigraphically d. The natursl-state
bulk density ranges from sbowt 2.10 g/ce in the oldest unis
©l1.83g/ccinihe gest unft. The mineral density ranges
from 2.3 10 2.5 g/cc and (he average waier content ranges
from 14 10 21 % by weight. Frequency distributions and sia-
tistical parameters are shown graphically for each property
and stratigrnaphic uait.

49 Byers, F.M., Jr., 1985, Petrochemical
variation of Topopah Spring tulf matrix with depth
(stratigraphic level), Drillhole USW G-4, Yucca
Mounisin, Nevada: Los Alamos National Labora-
tory report LA=-10341-MS, 38 p.

Core from ol USW G-4 was examined for petro-
chemical variation as a function of depth within the Topopah
Spring Member of the Paintdrush Tufl. The results show that
the petrographic textures and chemistry of the mairix vary
mmnnknlry within recogniradle lhologic sutrunits related
% crysiallization sones, welding zones. and compositional
sones.

50 Byers, P.M., Carr, W.J., Orkild, P.P.,
Quinlivan, W.D., snd Sargent, K.A., 197§, Vol-
canic suites and related cauvidrons of Timber
Mouniain-Qasis Valley Caldera complex, south-
ern Nevada: U.S. Geological Survey professionsl

paper 919, 78 p.

A detailed geo description of 1he tuffaceous units
produced by the Tim Mountain-Ossts Valley Caldera
comtlu s given. This desc ns inchude the occurrence
and known areal extent of the lormations and a summarized
grologic history of the complex.

$1 Byers, F.M., and Moore, 1..M., 1987,
Petrographic variation of the Topopah Spring Tuff
meatrix within and between cored driltholes, Yucca
Mountain, Neveda: [.os Alamos National L.abora-
tory report LA-10901-MS, Los Alamos, NM, 73 p.

This study exwende the petragraphic zonation of the
devitrified rhyolitic tff mairix of the Topopah Spring Mem-
der of the Palntdrush Tuff observed In USW (-4 10 four
other cored holes in the Yucca Mountain area of the Nevada
Test Site: UE-25a#1, USW G-1, USW (-2, and USW
G-3. Fout petrographic zones are discumsed.

52 Byery, F.M. Jr., Warren, R.G.,1983, Re-
vised volicanic stratigraphy of drilthole J-13, For-
tymile Wash, Nevads, based an petrographic
modes snd chemistry of phenocrysis: [.os Alamos
National Laboratory LA-9652-MS, Los Alamos,
NM, D p.

The core and cuttings of water well J-13 below the Jower
contact of ihe Paintdrush Tulf at 1473 f. 10 the total depth of
3498 fi. have been reexamined in the NHght of recent core
drilling at Yucca Mounuin. An nrﬂned siratigraphic log is
presented, showing the position of cored intervals and sam-
ple locations. The units were Wentified by thin-section mo-

dal analysis and by electron microprobe analyses of the feld-
spar and blotie DOCTYStS.
$3 Campbell, K., 1987, laters! continuity of

sorptive mineral sones underlying Yucca Moun-
tain, Nevads: 1.os Alamos National Laboratory re-
port LA-11070-MS, Los Alamos, NM, 44 p,

This report analyzes compositiona) dala obtained dy x-~
nrr wder diffraction for severs' hundred samples from 14
drillholes in the vic of Yucca Mountain. Mineralization
s compared with the functional steatigraphy for the region
proposed by Ontiz, ef al. (1985). Three major reolit in-
tervals below the Topopah Spring Member of the Paintbrush

Tuil are of particular interest because of their posential 1o re- -
tard the transport of dissolved radionuclides. No significant .

fateral frends in total zeolitization within these units are
noted in the neighborhood of the exploration block, but there
are trends In the abundances of the individual zeolites. Local
variation b common.

1] Caporuscio, F., et al., 1981, Petrologlec
studies of déril} cores USW-G2 and UE2Sb-H1,
Yucca Mountain, Nevada: Los Alamos National
=Jboutory report LA-9255-MS, Los Alamos, NM,
i1 p.

gﬂmp.phk and n-ray diffraction studies of the two
4l cores from these two wells are presented in this report
and indi.ate that tuffs are partially recrystallized to secon-
dary minerals. Correlations of stratigraphy are also made
with previous drill cores from Yucca Mountain.

1 Caporuscio, F.A., Warren, R.G., and
Broxton, D.E., 1985, Detalled petrographic de-
scriptions and microprobe data for Tertlary siticic
volcanic rocks in drillhole USW G-1, Yucca Moun-
tain, Nevadat l.os Alamos Natlionsl Laboratory re-
port LA-9323-MS, Los Alamos, NM, 1lr.

This report contains detailed gn%-phk escriptions
of 74 thin sections {rom drilihole USW G-1 at Yucca Moun-
tain. These descriptions are keyed 10 the distinctions be-
tween devitrified, vitric and zeolitized intervals below the
Topopah Spring Member sepository horizon.

56 Caporusclo, F.A., and Vaniman, D.T,,
1935, 1ron and manganese In oxide minerals and in
glasses, preliminary consideration of Eh buffering
potential at Yucea Mountain, Nevada: Los Alamos
Nsttona! laboratory report LA-10369 -MS, lLos
Alamos{ NM, 29 p.

The rock components that may aflect the oxygen ¢con-
tent of groundwater inchade Fe-Ti oxides, Mn oxides, and
glasses that contain ferroun iron. The ability of these various
minerals 1o affect the ERh o1 the groundwatet Is discussed. the
results indicate that the minerals and glasses may have lintle
or no capacity for seducing oxygen-nch groundwaler at
Yucca Mountain.

57 Carlos, B.A., 1985, Minerals in fractures
of the unsaturated zone from drill core USW G-4,
Yucca Mountain, Nye County, Nevada: l.os
Alamos National l.aborstory report LA-10418
«MS, L.os Alamos, NM, S p.

The mineralogy of fractures in drill core USW G-4,
from a depth of nearly 800 ft. 10 the static water Jevel at 1770
ft, was examined 10 determine the sequence of depositinn
and ientity of minerals that might be natural barriers o rad-
lonuclide migration from a mxlear waste repository. Mor-
denite was found 10 be present, though not abundant, at the
top of the lower lithophysal zone of the Topopah Spring
Member of the Paintdrush Tuff. Heulandite occurs from
about 1245 10 1378 1, and clinoptilolite occurs alone or with
mordenite below 1378 fi. Smectite in fractures is abundant
only in the vitrophyre of the Topopah Spring Member of ihe
Paintdbrush Tulf and at 1he 10p of the Prow Pass Member of
the Crater Flat Tull. Similarities between fracture mineral-
0'7 and host-rock alteration in the nonwelded 2eclitic units
of the Topopah Spring Member su 1 that this zone was
once helnw the water table. T difference between
microcrystalline (>» 0.01 mm) fracture coatings in the vitric
sone and the mostly cryptocrysiatline (<= 0.0 mm) fracture
coatings in the zeolitic 2one also suggests that the conditions
under which these two types of linings formed were different.
Nonwelded glass shards preserved in the host rock ahove the
szeolive mineral transition in the fractures indicate that the
watet table was pever higher than the Hthic=rich base of the
Topopah Spring Member in the vicinity of USW G-4.

1] Carlos, B.A., 1986, Occurrence of frac-
fure-lining manganese minersis In sllicic 1ulfs,
Yucca Mountain, Nevada: [.os Alamos Netional
;‘A\go;uory report LLA-UR-86-1412, Los Alamos,
M., Sp. .

Drilihole USW (-4 was chosen for a detailed study of
fracture filling minerals because it is closest lo the planned
NNWSI exploratory shafl site.

[ 1) Carlos, B.A., 1987, Minerals In fractures
of the ssturated zone from drill core USW G-4,
Yuccs NMountain, Nys County, Nevada: l.os
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Alamos Natlonst Laboratory report LA-10927
«MS, Los Alamos, NM, 32 p.

+he minerals tn fractures found in drill cors USW G-4,
from the static water level at 1770 (1. 10 the base of the hole
at 3000 . were studied 10 determine their identity and de-
positiona} sequence and 10 compare them with those found
above the SWL in the same drilihole.

[{} Carr, M.D., ot al., 178§, Geology of
drilthole UE2SpF1, a test hole iInto pre-Tertiary
rocks near Yuces Mountain, southern Nevadal
U.S. Geological Survey open-file report USGS-
Or-36-175, 87 p.

The resuls of & logical investigation of drilihole
UE2Sp#1 is presenied. This dnilihole s located on (he east-
ern flank of Yucea Mauntain.

1 Care, W.J., 1974, Summary ol tectonic and
structural evidence foratreas arieniation at the Ne-
vada Test Shie: U.S. Geological Survey open-file
report 74-176, $3 L’

A secionic synthesis of the Nevada Test Site region,
when combined with setsmic dats and a few stress and sirain
measurements, suggests & sentative model for stress orienta-
tion. This mode} proposes that the Nevada Test Site is un-
dergoing extension ina N. 50° W.-S. 50° E. direction coin-
cident with the minimum principal stress orientation. It s in-
ferred that the stress episode resulling in the formation of
deep alluvium-filled trenches began somewhers between 10
and less than 4 m.y. ago in the Nevada Tesi Site and Is cur-
rently active.

2 Carr, W.J., 1984, Reglonal structuratf set-
ting of Yucca Mouniain, southwesiern Nevadas,
and late Cenocolc rates of tecionic activity (n part
of the southwestern Great Basin, Nevads and Call-
fornia: U.S. Geologica) Survey open-flle report
$4-854, 109 p.

The regional structural setting of the southwestern
Great Basin, with special emphasis on Yuces Mountain, is
presented in detall. ’

(1) Carr, W.J., 1982, Volcano=tecionic history
of Crater Flat, southwestern Nevada, as suggested
by new evidence from drillhote US\W<Vii-1 and vi-
clnhI: U.S. Geological Survey open-file report
82-457, 23 p.

New evidence for a possible resurgent dome in the cal-
dera related 10 eruption of the Bullfrog Member of the Crater
Flat Tuff has been provided by recent dmlmkol 4762 mboke
in central Crater Flat. Although no new volkcanic units were
penetrated by the drilihole (USW-VH-1), the posilive
seromagnetic anomaly in the vicinity of the drilthole appears
10 resull in patt from the unusualty thick. densely welded tuff
of the Bullfrog Member. Major uniis penetrated include aliu-
vium, basall of Crater Flat, Tiva Canyon and Tapopah
Spring Members of 1he Paintbrush Tufl, and Prow Pass and
Bullfrog Members of the Crater Flat Tuff. In sddition, the
drilihole provided the first subsurface hydrologic information
for the area. The water table in the hole is st about 180 m
and the therma) gradient appears slightly higher than normal
for the region.

64 Carr, W.J., Byers, F.M. Jr, and Orkild,
P.P., 1986, Siratigraphic and voicano-iectonic re-
fations of Crater Flat Tuff and some older volcanic
units, Nye County, Nevada: U.S. Geological Sur-
vey grofenlonnl sper 1323, 28 p.

he Crater Flat Tulf is herein revised 10 inchude a newly
recognized lowest unit, the Tram Membes, exposed at scai-
tered localities in the southwestern Nevada Test Site region
and In several drillholes in the Yucca Mountain area.

1] Carr, W.J., and Parrish, 1..D., 1988, Geol-
ogyof drilihole USW V-1, and structure of Crater

Flat, southwestern Nevads: U.S. Geological Sur-
vey open-[ile report 85-478, 41 p.

USW VH-2 was drilled into Crater Flat in ordet 10 de-
Hineate the geology and struciure of the area. This drillhole
penetrated a section of Timber Mountain, Paintbnsh, and
the upper part of the Crater Flat Tuifs.

[ 3 Carrol, R.D., 1986, Shear-wave velocity
messurements In voicanic tuff In Rainler Mesa
funnels, Nevada Test Site, Nevada: U.S. Geologl-
cal Survey report USGS-474-3.1, 24 p.

Evidence indicates 1hal in the geologic environment of
the Rainier Mesa tunnels s shear wave s comhmul’ nnﬂ-
ated and recorded on vertical peophones regardiess of the en-
ergy source.

6?7 Carroil, R.D., 1983, Selsmic velocities and
posishot propertles in and near chimneys: in Pro-
ceedings of the Monterey Contsinment Sympo-
stum, August 26-27, 1981, Los Alamos National
:.la.'bonlory report LA-9211-C, Los Alamos, NM,
P.
Changes In the reolitired 1ufl in Rainter Mesa, Nevada
Test Slte, resulling from a nuclear explosion suggest the
resence of fout regions at progressive ranges from the work-
ng point: 1) the chimney rubble, 2)a zone of pervasive
muxcrofailure immediately adjacent to the chimney, J) a zone
of pervasive microfailure, and 4) a zone of discrete or local-
ized failure Posishol seismic velocily messurementis made
at tunnel Jevel (or seven nuclenr events Indicate that the
shear-wave velocily bs definitive of three of these rones.

[ ] Carrolf, P.1., Caporuscin, F.A., and Hlish,
10.1.., 1981, Further deacription of the petrology of
the Topopah Spring Member of the Psintbrush
Tuflf In drillholes UE2SA-1 and USW-=G1 and of the
Nthic rich uff In USW-GI1, Yucca Mountain, Nee
vada: L.os Alamos Natliona! laboratory report
1.A-9000-MS, L.os Alamos, NM, 26 p.

The purpose of ihis report Is 10 provide a complete
stratigraphic and petrologic description of the Topopah
Spring Member and the lihic-rich tull found in the Paint-
brush Tuff unit as encountered in these two driltholes.

[1} Carroll, R.D., and Cunningham,. M.J.,
1980, Geophysical investigations Indeep horlzontal
holes drilled ahead of tunnelling: Internationat
Journatl of Rock Mechanics Minerslogical Sclence
and Geaomechsnics Abstracts, vol. 17, p. #9-107.

The U.S Geological Survey has developed geophysical
logging techniques [or obtaining resistivity and velocity dala
from horizonial exploratory driltholes Jrilled ahead of tun-
mlllnt The pmnse of the logging measuremenis s to de-
fine clay zones, because of (he unstable ground conditions
such zones present to tunnelling and 10 define 20nes of par-
tially saturated rock, because of the atienuating effects such
z;ms have on the shock wave generated by a nuclear detona-
tion.

70 Carroll, R.DD., and Kibler, J.E., 1983,
Snurce-bank of locations of geophynical surveys In
tunnels and horizontal holes Including resulta of
selsmic refraction surveys, Ralnler Mesa, sAque-
duct Mesa and Area 16, Nevada Test Site: U.S,
Geolngical Survey open-(ile report 83-199, 85 p,

This report documents seismic relraction studies, both
shear and compressional wave velocitics and elecirical sur-
veys, that have been conducied in Rainier Mesa, Aqueduct
Mesa. and Shoshone Mouniain tunnel complexes since the
1950s. Synthesls of the seismic relfraction data indicates a
mean compressional wave velncity near the work point of 23
tunne! events of 2340 m/s with a range of Il76-g?ISJ m/s.
The mean shear wave velocity of 17 tunnel events is 1276
m/s with a range of 1140-1392 m’s. Expertence indicates
that these velocity variations are due chiefly 10 the extent of
(racturing and/or the preaence of partially saturated rnck in
the rcgion of the survey, . ’

71 Carroll, R.1D., and Magner, j.E.. 1986,
Postishot selsmic investigations in the vicinity of
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event, U12t.04 drift, Nevada Test
Site, Nevadat U.S. Geological Survey open-file re-

7 port 86-98, 43

-
Setamic velocity Investigations were undertaken in an
lain ground=-shock damage that occurred
recording ajcove as a result of the Midas
Myth nuclear explosion. Thbe results can be explained quali-
tatively in terms of the velocity theory of Crampin (1978) for
wet and dry [racture sets and suggest the existence of a
b:&hmr fracture system parallel and normal 1 the alcove
orientation. Although the refraclion data can be explained in
rent dipping low-velocity layer on the skin

terms of an ap
t the resulls represent some as yel

<. peculiar 10 the skin of the underground opening. :

;

72 Cattermole, J.M., and Ilansen, W.R,,
1962, Geologicellfecis of the high-explosive tests In
the USGS tunnel ares, Nevada Test Sitet U.S. Geo-
logicatl Survcyn:rofculonnl paper 352-1, 31 p.

The pre= and postshot geology of the USGS explosive
tests conducied in Rainier Mesa fs documented as is the phe-
nomenology of a 10 and 50 ton high explosive underground
test. An equation relating amount of explosive o depth of
contalnment was developed:

Da'W

where Dsdepth of cover in feel, kaconstant, Weweight of
explosive in pounds.

73 . Christensen, R.C., and Spahr, N.E., 1980,
Flond potential of Topopah Wash and tributarles,
eastern part of Jackass Flats, Nevada Test Site,
southern Nevada: U.S. Geological Survey \Water
;lesourcec Investigations open-file report 80-963,
2 p.

pﬂood-ptom areas for the three floods with present
natural channel conditions were defined [or the eastern part
of Jackass Flats in the southwestern part of the Nevada Test
Site. The effects of the 100, 500, and maximum Nood haz-
srds were determined for thils area.

74 Church, H.W,, Freeman, D.L., Boro, K.,
and Egami, R.T., 1984, Meteorological iower data
for the Nevada Nuclear Waste Storage Investiga-
tions (NNwWSIl)=-quarterly report, July-September,
1981 Yucca Alluvial (YA) Site: Sandia National
Labo;;torlel report SANDS3-1912, Albuquurque,
NM, p.

The meteorological tower data for the Yucea alluvial
site on Yucca Mountain are presented. The type of data pre-
senled are wind direction and speed, barometric pressure,
femperature, relative humidity, solar radiation, ground IR
radiation, precipitation and soil temperature.

75 Church, 11.W,, Freeman, D.L., Doro, K.,
and Egaml, R.T., 1984, Metecorological tower dats
for the Nevada Nuclear Waste Siorage Investiga-
tlona (NNWSl)-quarterly report, October 1982-
June 1983 Yucca Alluvial (YA) Site: Sandla Na-
tlonal Laboratories report SAND84-1327, Albu-
querque, NM, 65 p.

The meteorological tower data for the Yucca alluvisl
slte on Yucea Mountain are presented. The type of data pre-
sented are wind direction and speed, baromeiric pressure,
temperaturs, relative humidity, solar radiation, ground IR
radiation, precipitation and sofl iemperature.

7¢ Chureh, 11.W., Freemen, D.1.., Boro, K.,
1986, Meteorological tower data Yucca Ridge site
January-June 1983: Sandia National l.aboratories
report gANl)l!—losa. Albuquerque, NN, 41 p.

This report s the first in a series of meteorological data
summaries for the Yucca Ridge site.

82

77 Church, H.W,, Freeman, D.L., Boro, K.,
and Egamli, R.T., 1987, Meteorological tower data
for the Yucca Atlluvial (YA) site and Yuccs Ridge
(YR) sfte, Sandia Nationa! Laborstories, Sandia
Nations! Laborstories report SANDBS6-153)-
UC-70, Albuquerque, NM, 11 p,

The purpose of the NNWS| metscrological data collec-
tlon program was 10 support environmenial evaluations of
site sultability for a nuciehr wasie reposiiory. This is the last
of a series of data summanes for the NNWSI alluvial and
ridge sites In southem Nevada, and covers the sixieen-
manth period of July, 1983 through Oclober, 1984 for both
sites.

78 Claassen, 11.C., 1973, Water quaillty and
physical characteristics of Nevada Test Site water-
nusp(?ly wells: U.S. Geological Survey report
USGS-474-158, 145 p.

Chemical, radiochemical, and hydraulic data odtained
from the water-supply wells a1 the Nevada Test Stie are pre-
sented. Time variations in these parameters are discussed
and evaluated, A dlagrammatic representation of well con-
struction and lithology penetrated is included for each well.

7 Claassen, 11.C., 1983, Sources and mecha-
nisms of recharge for groundwater in the west-cen-
tral Amargosa Desert, Nevada— a geochemicsal in-
terpretation: U.S. Geological Survey open-file re-
port 83-542, 63 p.

Grodndwater in the west-ceniral Amargosa Desen.
Nevada, was recharged primarily by overland flow of snow-
melt in of near the present-day stream channels, rather than
by subsurface Mow (rom highland recharge areas 0 the
north. Geochemical arguments, including reaction mecha-
nisms. are used to support these findings. Carhon, hydro-
fen. and oxygen isotope data show that much of the recharge
n 1he area occurred during the late Wisconsin time. Absence
of groundwater recharged prior 10 late Pliestocene is consid-
ered 10 indicate that either climatic conditions were unfavor-
able for recharge or that groundwaler velocities were such
that this earlier recharge was transported away from the
study area.

80 Claassen, H.C., and White, A.F., 1978,
Application of geochemical kinetic dats to
groundwater systems— a tuffaceous-rock sysiem
insouthern Nevada: in Jenne, E.A., [ed.], Chemical
Modeling in Aqueous Systems, American Chemical So-
clety, p771-791,

Kinetic modeling was used to estimaie the effective sur-
face area of an aquifer in contact with a unit volume of
groundwaler for Rainier Mesa. The results Indicate thatonly
a small part of the total interconnecied pore space is avail-
able for transport of water, Laboratory and field data indi-
cale that only the vitric phase has a significant influence on
groundwaiter composition. Simulated mass transfer rates
werc significantly improved when the model was modified to
account for precipitation of monimorillonite. Estimates of
surface area oer unit volume from the kinetic model are
about 3 percent of those obtained using the Braunaver, Em-
mett, and Teller equation.

a1 Clebsch, A., 1960, Groundwater in the Oak
Spring Formation and hydrologic effects of under-
round nuclear explosions at the Nevada Test Site:
.S. Geological Survey report TElL- 759, 29 p.
Several zones of perched groundwater have been identt-
fied in tulf of the Oak Spring Formation near the U120 tunnel
complex in Rainier Mesa. Approximately J0 acre~ft drained
from this tunnel system In about seven weeks. This water has
a relatively high conceniration of silica and low TDS. A nu-
clear test increases mclurinf within & few hundred feet of
the test cavity, thereby affecting permeability and storativity
In a localized area, Within this zone some fission products
are taken Inlo sotuiion by percolating groundwater, however,
the contaminants are thoughl 1o be retarded.

Clebsch, A., 1961, Trittum-age of
groundwater at the Nevada Test Slte, Nye County,
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e timates of groundwaiter ceiention time are atiemnisd

| wtitzsing tritflum 'roaucod lva fusion devices. The retention

* time for a seep within U12¢.08$ drift within Ralnier Mesa and
a spring Pm northwest 0 the mesa indicatrs a retention time

ranging {rom 0.8 % 6 years. .

83 Cledsch, A., and Barker, F.B., 1960,
Anaiysls of groundwater from Rainfer Mesa, Nee
vada Test Site, Nye County, Nevadas U.S. Geologi-
eal Survay Trace Elements report TE1-763, 22p.

Chemical and radiological analysts of groundwater col-
fected (rom wells, springs, and tunnel seeps within Rainier
Mesa during the pe of September 1957 1o December
3959 s presented.

84 Cohee, 0.V., West, W.S,, 1965, Changesin
nnlllnrhlc nomenclature by the U.S. Geological
Surve %64: U.8. Geological Survey Dulletin
'u‘- . Po A“-,‘

paper reviews and changes the names of Tertlary
rocks in the Nevada Test Site. The Palntbrush and Timber
Mountain Tuffs are named and the Fiapl Canyon Formation
is changed 1o a Group. In addition, other changes are made
in the siratigraphic nomenclature of other rock units.

8s Collins, B., O'Farrell, T.P., 1981, Anno-
tated bdibllography for biologic overview for the
Nevada Nuclear Waste Storsge Investieations, Ne-
vads Test Siie, N(g County, Nevada: 1ULAC report
EGG 1183-2419, Goleta, CA, 44 p.

This report is a compilation of relevant current lltera-
ture that deals with the flora and fauna in the vicinity of the
project area. The goals of the report were 10; 1) evaluate
whether information on flora and fauna habliat require-
ments, disiribution, shundance, importance 10 the ecosys-
tem, and semaitivity to perturbations is sufficient to support
environmental Imcﬂ anslyses; 2) determine whelher sensi-
tive icck: might be Jocated within the projectarea: 3) iden-
tify biological data gaps; and 2 recommend further studies
to provide information for an EIS.

[ Collins, E., O*Farrell, T.P., and Rhoads,
W.A., 1982, Diologic overview for the Nevads Nu-
clear Waste Storage Investigations, Nevads Test
Site, Nys County, Nevadai EG&Q report no. EGG
1183-2420, Goleta, CA, s.u».

The NNWSI project study area Includes five major
vegeuation associations characteristic of the transitionalarea
beiween the Mohave and Great Basin Deserts. A total of 32
species of reptiles, 66 species of birds and 46 species of
mammals ars known 10 occur. Fourieen sensitive species ex-
st within this area.

t x4 Cofllins, E., and O*Farrell, T.P, 1988, 1984
blotic study of Yuccs Mountain, Nevads Test Site,
Nys County, Nevadat EGCA&G report EGG
10282-2057, Golets, CA, 28 p.

The results of field investigations into the Yucca Moun-
tain mammals are presented. The veriebrate populations of

Yucca Mountain are described and estimates of beckground
dosimetry are given.
] Collins, E., and Rhaads, W.A., 1981, Fleld

surveys for Lathyrus hiichcockianus at the Nevada
‘Test Site and Bullifrog 1lllls: FG&G report
EGG~1183-24)1, Goleta, CA, 8 p.

Surveys 10 delermine the condition of Lathyrus
htichcockianus, a plant of limited distribution, as Hoccurs in
the Builfrog Hills and al Yucca Mountain was conducted
during 1he weeks of May 25 and June |, 1980,

14 Collins, E., Sauts, M.L., and O'Farrell,
1983, Surveys for desert tortolse on the proposed
site of a high-level nucicar waste repository st the
Nevada Test Site: EG&U report Goleta, CA, 10 p.

Preliminary field surveys indicated the presence of the
desert toriolse, a sensitive species within the ecosystem. A

more detalled study Is presented that Indicated the desen tor-
tolse can be expecied In small numbers over a wide range of
Mojavean and iransitional habitats.

” Connolly, J.R., and Kell, K., 1983, Fleld,
petrologlic, and grochemical reletions of (he
Grouse Canyon Mumber of the Belted Range Tufl
in the CTUF mechanics test sree, Ul2g tunnel, Ne-
vada Test Site! Sandia Natlone! Laborsiories re-
port SANDS4-7206, Atdbuquerque, NM, 63 p.

This report summarizes 1he results of petrochemical
studies of welded fuff in the G-Tunnel Underground Rock
Mechanics Pacility (GTUF) carried out in suppon of ther-
momechanical testing.

”n Connolly, J.R., et 8., 1983, Petrology and
geochemisiry of the Grouse Canyon Member of the
Belted Range Tuff, Rock-Mechanics Drifi, Ullg
tunnel, Nevads Test Site: Sandia Natlonal Labora-
tories report SANDS1-1970, Albuquerque, NM, 78
P.

This report summarizes the petrology and grochemistry
of the Grouse Canyon Member of the Belied Range Tuff as
exposed in G-Tunnel complex dbeneath Rainie: Mesa. The
report also considers potential correlation of data from G-
Tunnel and the Topopah Spring Member of the Paintbrush
Tufl at Yucea Mountain,

L 2] Connolly, J.R., et al., 1984, Petrology and
eochemistry of samples from bed-contact sones
n Tunnel Bed $, Ul2g tunnel, Nevada test site:

Sandla National Laboratories report SANDB4-
1060, Albuquerque, NM, 43 p.

T This report summarizes the detailed geologic charac-
terization of samples of bed-contact zones and surrounding
nonwelded bedued tuffs, both within Tunnel Bed 3, thatare
e ed in the G-Tunnel complex deneath Rainier Mesa.
Ogﬂml planing studies treated the bed-contact zones In
Tunnel Bed 5 as simple planarsurfaces of relatively high per-
meability. Detalled characterization indicates that these
zones have finite thickness, are depositional in oﬂgn. vary
considerably over short vertical and horizontal distances,
and are internally complex. The similarity in composition of
the clinoptilolites from Tunnel Bed S and those adove the
static water Jevel at Yucca Mountain indicates that many of
the results of nuclide migration experiments in Tunnel Bed $
would be transferable 10 zeolitized nonwelided tuffs above the
static water Jevel at Yucca Mountain.

) Costin, L.S., and Chen, E.P., 1988, An
analysis of the G=-Tunnel hested block experiment
using a compliant joint rock mass model: Sandla
Natlional Laborstories report SANDSY=- 1938C, Al-
buquerque, NM, 8 p.

The results of two-dimensional finite element analyses
of the G-Tunnel heated block experiment are presented.
Good xnmlulm sgreement between the experimenta) and
numerical results was odblained in most cases.

L) Cralg, R.W,, and Johnson, K.A., 1984,
Geohydrologic daia for test well UF-25p#1, Yucca
Mountain area, Nye County, Nevada: U.S. Geo-
fogical Surve oron-fllc report 84-450, 63 p.

Test well UE23p#1 bs Jocated on the east flank of Yueca
Mountain and is completed within the carbonates. The fol-
lowing data are presented for this drillhole; drilling opera-
tlons, lithology, availability of borehole geophysical logs,
wailer Jevels, water chemnistry, pumping tests, dborehole-llow
survey, and pacher injection tests.

98 - Craig, R.W,, Reed, R.L., and Spengler,
R.W,, 198), Geohydrologic data for test well USW
11-6, Yucca Mountaln area, Nye County, Nevada:
U.S, Geological Survey open-file report 83-256¢, )9
P.

This report presents the following data for test wefl
USW H-6: drilling operationa. mhol%ﬂ. avalladility of
borehole geophysical logs, water levels, future availadility of
core analyses, water chemistry, pumping tests, and packet
injection tests.




L Cralg, R.W., and Roblson, J.Il.,, 1984,
GCeohydrology of rocks penetrated by test well
UE-25p#1, Yuccs Mountain area, Nys County, Ne-
vade: U.S. Geological Survey Water Resources In-
vestigations report 84-4248, §7 p.

he resulls of hydraulle testing and hydraulic monlitor-
ing of test wel) UE-23p#1 are presanied. This drilihole s lo-
cated on ihe eastern flank of Yucca Mouniain, The data pre-
senied are as follows: waler levels for various sirata,
t.arehole-flow surveys, conceptual model of groundwater
flow, pump tests, recovery tests, packer injection tests, and
groundwaier chemistry.

” Crowe, D.M., and Carr, W.J., 1980, Pre-
fiminary assessment of the rlsk of volcanism at s
roposed nuclear waste repository in (he southern
reat Nasin: U.S. CGeological Survey open-file re-
port 80-357, 1S p.
This report Is chiefly concerned with characierizing the
logy, chronology. and teclonic setting of Pliocene and
temary volkcanism in the Nevada Test Site region, and
assessing volcanic risk through consequence and probability
studies, particulatly with respect to a potential sie in the
southwesiern Nevada Test Sile.

” Crows, R.M., Johnson, M.E., and Re-
ckman, R.J., 1982, Calculation of the probablility
of volcanic disruption of a high-level radioactive
waste reposliory within southern Nevads, USA:
Radiosctive \Waste Management and the Nuclear
Fuel Cycle, vol. 3, no. 1, Dec, 1982, p 167-190.
Calculations of the probability of disruption of a reposi-
tory at the Ncvada Test Site by basaltic volcanic activity have
been completed as one of a number of approaches 10 assess-
ing 1he risk of volkcanism. The resulis indicate an annual
robability of disruption of the repository site at Yucea
ountain that ranges from 1079 to 10°19. The numbers are
fimlited in application by the geologic assumptions necessary
10 allow the calculations.

” Crowe, B., et al., 1982, Aspects of poasible
magmatic disruption of & high-level radloaciive
waste repository in southern Nevadas: l.os Alamos
Nations! Laboratory report LA-9326-MS, Los
Alamos, NM, 43 p.

This paper describes the processes of basaltic magne-
tism on the Nevada Test She. Each stage in the evolution
and dispersal of basaltic magma Is described, and the dis-
ruption and potential dispersal of radionuclides is evaluated.

100 Crowe, B.M., and Sesrgent, K.A., 1979,
Major-element geochemistry of the Sllent Can-
yon-Black Mountain peratkaline volcanic centers,
northwestern Nevads Test Site, applications to an
assessment of renewed voicanism: U.S. Geological
Survey open-file report 79-926, 25 p.

The major-element geochemistry of the Black Moun-
ain-Silent Canyon volcanic centers differs in the to1al range
and distribution of 04, contents, the degree of peralkalinity,
and in the values of 1otal iron and alumina through the range
of rock types. These differences indlcate that the sultes were
unrelated and evolved from differing magma hedies. The
Black Mountain volcanic cycle represents s renewed phase
of vokantsm following cessation of the Timber Mountain-
Silent Cznyon volcanic cycles. Consequently, there ! a
small but numerically incalculadle probahility of recurrence
of Black Mountain-type vokanism within the Nevads Test
Site. This represenis a potential rlsk with respect 1o deep
geologic storage of high-level radioactive wasie a1 the Ne-
vada Test Site.

101 Czarneckl, J.D., 1984, Simulated effects of
increased recharge on the groundwsier flow sys.
tem of Yucca Mountsin and vicinity, Ncvada-Cati-
fornis: U.S. Geolugicsl Survcg Water-Resources
Investigations repurt 34-4344, 33 p.

A study was performed 10 assess the potential effects of
changes in future climatic conditions on the groundwater

system in the vicinity of Yucca Mountain by simulating the
groundwaler sysiem using a iwo-dimensional, finfte-ele~
ment groundwater flow model. The simulated position of the
walet table rose as much as 130 m near the area of the re-
pository for a simulation involving 8 100-percent increase in
precipltation.

102 Czarneckl, J.D., and Waddell, R. K., 1984,
Finite-clement simulation of groundwater flow in
the vicinlty of Yuccs Mountain, Nevada-Callifor-
nla: U.S. Geological Survey Water-Resources In-
vestigations report 84-4349, 38 p.

A finlte~element model of 1h¢e groundwater flow system
in the vicinity of Yucea Mountain at the Nevada Test Stte
was developed using parameter-estimation techniques. The
model simulated sieady-state groundwater flow occurring in
tuffaceous, volkank, and carbonate rocks. and ajluvial
aquifers. Hydraulic gradients In the modeled area rangs from
0.00001 for carbonate aquifers 10 0.19 for barriers in tuf-
faceous rocks. Three eled parameters were used In esti-
mating transmissivities in six zones. Simulated hydraulic
head values range from about 1200 m near Timber Mountain
10 about 300 m near Furnace Creek Ranch. Model residuals
for simulated versus measured hydraulic heads range from
=28.61021.4 m; mostare less than -7 m. Sensi*.vity analy-
ses conducied on the effect of boundary fluxes on model
transmissivities indicated that varying the discharge 81
Franklin Lake and Furnace Creek had the greatest effect.

/

103 Dafly, W., Lin, W,, and Ruscheck, T.,
1987, liydrological properties of Topopah Spring
“Tuff= Iaboratory measuremenis: Journsl of Geo-
physicsl Research, vol. 92, no. B8, p. 7854-7864.

The purpose of this work is 10 study the iranspori of liq-
uid and vapor water from the Topopah Spring welded unit
under conditions expected in the near-field environment ofa
high-level nuclear waste container. A naturally fractured
samnie of the Topopah SpﬂntTull and well J-13 water were
usew. During the more than 6-month experiment duration,
water permeability decreased by l:ptoxlmllely three orders
of magnitude. The most likely mechanism is the redeposition
of silica in the fracture. Results also indicate that the sample
dehydrates and rehydrates nonuniformly.

104 Danlels, J.J., and Scott, J.11., 1980,
Borehole geophysical measurements for hotle
UE25a#3, Nevada Test Site, Nuclear Waste 1sola«
tion Program: U.S. Geological Survey open-file re-
port 80-126, J1 p.

Borehole geophysical measurements made in drillhole
UE25a#) are presented in this paper. Well logs are presented
for dual detector density, normal resistivity, gamma ray,
neutron neutron, induced polarization, and magnetic sus-
ceptibilily measurements.

108 Danlels, J.J., and Scoty, J. M., 1981, Inter-
pretation of hole-to-surface resistivity measure-
ments st Yucca Mountain, Nevadas Test Site: U.S.
Geological Survey open-(ile report 81-1336, 13 p.

Hole-to-surface measurements from  drillholes
UE28a-1, -4, -5, and -6 illustrate procedures for gathering,
reduweing, and Interpreting hole-lo-surface resistivity.
Measurements conducted at Yucca Mountain indicate the
presence of m ‘'ny near surface geologic inhomogeneities,
with no definin indication of deeg structural features. A re-
sistive anomal ' near drilihole UE25a~6 is Interpreied as o
thin, vertical, esistive body thal nearly intersects the sur-
face, and may be caused by a silicified or calkilled fracture
rone. A reatstive anomaly near UE25a-7 s probabdly caused
by a near-surface, horizontal, lens=sha body that may
represent a devitrified zone in the Tiva Canyon Member.
Conductive anomalies 10 the southwest of UE25a<~4 were in-
terpreted 10 be caused by variations In the thickness of the
surface alluvium, :

106 Danlels, J.J., Scott, J.11., 6nd HEZzt wene,
J.T., 1981, Interpretation of geophysical well=log
measurements In drillholes UE25a#4, #5, #6, and
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#7, Yucea Mountain, Nevada Tesit Site: U.S. Geo-
logical Survey open-{ils report 81~ 389, 28 p.
Exploratory driliholes UE25a#4, UE1S%228, UE252 M,
and UE235a#7 were drilied to determine 1he suitabdility of
‘ymlnlk deposita as storage sies for radiosclive wase,
esistivity, density, newtron, gamma-ray, induced polariza«
tion, and magnetic susceptl mllo““ Jog measurements
were taken from these drillholes. Some mineralogic features
in the driltholes can be identified on the gamma ray, induced
polarization, and magnetic susceptidilily well Jogs.

107 Danlels, W.R,, et al., 1982, Summary re-
ort on the geochemistry of Yucca Mountain and
nvirons: Los Alamos Natlonal Laboratory report

LA-9328-MS, Los Alamos, NM, 364 p.

This report sddresses the various aspects of sorption by
tuff, physical and chemical mateup of tuff, diffusion proc-
esses, tull/groundwater ehcmhu?. water element chemistry
under urtlcd repository conditions, transport processes
involved in porous and fracture flow, and geochemical and
transport modeling.

108 Delany. J. M., 1983, Reacilon of Topopah
Spring Tufl with J=13 water: a geochemlical model-
ing approach using the EQJ/6 reaction path code:
Lawrence Livermors National l.aboratory report
UCRL~-536)1, Livermore, CA, 46 p.

BQJ/6 geochemical modeling code was used 1o Investi-
gate the interaction of the Topopah Spring Memberand J-13
water 3t high temperatures. £Q3/6 input parameters were
oblained from the results of laboratory experiments using
USW G-1 core and J=13 water.

109 Dickey, D.D., 1960, Thermoluminescence
of some dolomlite, tull, and granltic rock samples
from the north=central part of the Nevada Test
Site, Nye County, Nevada—s progren report: U.S.
Geological Survey report TEL-74§, )0 p.

Thermoluminescence was determined for tuff ‘rom
Rainler Mesa, dolomiie and a rnz vein ftom Dolomite
Hill, and granitic rock from the Climax Stock in the northern
partof the Nevada Test Slte. The results of the study showed
that dolomite, granitic rocks, and tuff are thermolumines-
cent, but furiher investigations are necessary dbefore ther-
moluminescence can de proved useful in correlating rock
units in this area or determining effects of nuclear explosions
on the tulfaceous rocks.

110 Dickey, D.D., and Fmerick, W.1.., 1961,
Interim report on on genlogic Investigations of the
Ulldb tunnel system, Nevada Tesl Shte, Nye
County, Nevada: U.S. Geological Survey report
TEI-799: 13 p.

U12b tunne) is driven iInto the eastern Nank of Rainfer
Mesa Into the Oak Spring Formation. The chemistry,
stratigraphy, and structure of the ologl: units intercepied
by the U12b tunnel complex are described.

im Dickey, D.D., and FEmerick, \W.L., 1962,
Interim geological Investigations In the U12b.09
and U12b.07 tunnels, Nevada Test Site, Nve
Coum:. Nevada: U.S. Geological Survey report
‘TE1-797, 21 p.
U12b.09 and U12b.07 drifts of the U12b tunnel com-
plex peneirate bedded nff, welded tuff and tuffaceous sand-
stone of the Indian Trail and Plapl Canyon Formation. The
stratigraphy, lthology, and siructure of these unirs, as they
occur within the two drifis, are described. The resulis of &
mma radioactivity survey within U12b.07 and UI2b.09
rifts are also presented.

112 Diment, W.ll.. et al., 1958, Properiien of
Oak Spring Formation in Ares 12 8t the Nevada
Test Site: U.S. Geological Survey report TE1-672,

Various physical parameiers are reporied for the Oak’

Spﬁn{ Formation as it occurs in Rainfer and Aqueduct Me-
sas. The parameters investigated are petrography, chemis-
try, porosity, density, fluid permeability, [ractire perme-

abllity, water content, thermal and selamic rnycmu. engl-
neering properties, and radiochemical analys

113 Diment, W.11., ‘1 al., 1958, Geological sure
vey Investigations in the 1)12b.03 Tunnel, Nevads
"l"cu Site: U.S. Geologlcs. ‘urvey report TEM-224,
po

The logy. petrology, , rosity, density and water
conkent ol‘:t; Jn’t gﬂn &iﬁ (Paintdrush Tuff) as #t oc-
curs *'thin U12b.02 drift are reported. U12b tunnel is Jo-
cated on the eastern portion of Rainies Mesa and is located at
an approximate aliitude of 6650 ft.

114 Diment, W.1L., et al., 1959, Geological ef-
fects of the Rainier underground nuclear explo-
"on"r#."' Og’:logler Suhmy report 'l;!l;ﬁ”.
re-shot stratigraphy, structure, a) proper=
%gtogeobn are presented mJu’t: tunnel, the
site of the detonation. The changes created by the Rainjer
event and its effect on structure, h tomlog. chemistry,
petrology, physical properties, and gravitational field are
also discussed. The results of a survey of the gamma-radia-
flon produced by the detonation of Ralnier are also reporied.

118 Diment, W.I1., et al., 1959, Geological
Survey investigstions in the UI2b.03 and U12d.04
tunnels, Nevadas Test Site: U.S. Geological Survey
report TEM-996, 75 p.

The stratigraphy, structure, petrology, porosily, den-
sity, water conlent, and groundwaler occurrence and chem-
tatry for the U12b.03 and U12b.04 drifts within Rainier Me-
54 are repored.

116 Diment, W.I1,, et al,, 1959, Geologicealsur-
vey investigations In the LU12¢.05 tunnel, Nevada
;‘en Site: U.S. Geological Survey report TEM-997,

'Tho stratigraphy, structure, petrology, porosity, den-
sity. waier conlent and chemical nature of the area directly
surrounding the shot ¢chambes are described.

117 Diment, W.11., et al., 1959, Geological sur-
vey Investigations in the UI20.01 tunnel, Nevada
}',en Slte: U.S. Geological Survey report TEM-998,
P: ’
The stratigraphy, structure, petrology, porosity, den-
sity, and water content of the U12d.01 drift are descrided.

118 Dixon, G.l.., Sargent, K.A., and Carr,
W.J.. 1975, Changes in stratigraphic nomenclature
by the U.8. Gealogical Survey, 1975: U.S. Geologi-
cal Survey Rulletin 1412-A, p. 49-54.

This report documents the abandonment of the Indian
Trail Formation so that the individual units can be correlated
1o others of the Test Site.

119 Doyle, A.C., and Meyer, G.L., 1925, Sum-
mary of hydrautic data and abridged Iithologic log
of groundwater test well 6(J-1)) Jackass Flats, Ne-
vada Test Site, Nevada: U.S. Geologicsl Survey
Technical {etier NTS-50.
The hydraulic, rochemiul. and lithologic data are
resenied for well J= 13, which Is Jocated several miles east of
ucca Mountain.

120 Duimstira, C.0., 1981, In stts water migra-
tlon/heater experiment-hardware mechanical de-
sign definition: Sandia Natlonal Laboratories re-
port SAND-81-1048, Albuquerque, NM, 116 p.

This report summarizes and documents the final design
of the heater assembly, instrumentation placement, and
packers used ai the (i-Tunnel site.

121 °  Pakin, T.F., Schoff, S.1.., and Cohen, P.,
194}, Reglonal hydrology of a part of southern Ne-
vadn, a reconnaissance: U.S. Geological Survey te-
port TEI-8)33, 40 p,

The groundwater hydrology of a region of 13,700 mi?

- encompassing the Nevada Test Siie is reviewed on the hasis
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of data that are limed except 81 the Test She. The direction
of movement of the groundwaier Is inferred from hydrawlic
gradients, relations of discharge to recharge areas, geologic
conditions, and aqueows chemuiry. These data suggest that
the water moves generally sowthward of southwestward
through the region burt in a compiex mannes governed by dif-
ferential primary and secondary permeabilities of Cenoroie
volcanie and Paleesoie carbonate rocks and by meltiple
sources of rechs end discharge. The movemem of

waset th the bedrock hetween hasins seems to he
a significant element In the hydrologic syskm.

122 Caton, R.R., and RNirnler, N.F., (986,
Analysis of a multiphase, porous-flow imbibition
experiment in fractured volcanic tuff: Sandia Na-
tional l.adoratories report SANDIS-1679C, Albu-
querque, NM, 18 p.

A sub-meter-ocale imbdibition experiment has been
analyred using a fintwe element, muliphase-flow ¢ode. In
the experiment, an initlally dry cylindrical core of fractured
tuff was saturated by contacting the ends with pressunred
water. The model weed dincrenly accounts for three primary
fractures that may be present in the core. Resulls show that
vapor transport has & small (less than 5%) effect on the
speed of the weiting front. By ming experimental results to
estimate apparent spatial variations in permeatility slong
the core, good agreement with measured, transient, satura
tion data was achieved. The sensttivity of predicted trancient
weiting fronts 10 permeadility data indicates s need for more
extensive measurements. |1 is concluded that it will be diffi-
cult 10 characlerize an entire repotitory, where in-
homogeneities due o variations in matrix and fracture prop-
erties are not well known, solely from the results of sub-me-
ter-scaje lahoratory testing and deterministic modeling.

123 Fston, R.R., et al., 1983, /n stte tulff water
migrstion/hesier eaperiment post-test thermatl
analysis: Sandis Nations) Laboratories report
SANDRI-0912, Albuquerque, NM, 71 p.

This report describes post-test laboratory experiments
and thermal computations for the ia sitw heater eapenment
conducied in G-Tunnel. Post-test laboratory experiments
were designed 1o determine the accuracy o! the temperatures
measured by the sock wall thermocouples during the 1a sie
sest. The reculis indicate that the true rock wall iemperatures
were 10 10 20°C lower than the measured values.

124 Fge, J.R., 1977, /n sttn siress measured at
Rainfer Mesa, Nevada, and a few geovlogic implica-
tions: PFPhD Disseriation, Coloradn School of
Mines, 172 p.

Thirteen messurements of ihe three-dimensional stress
fNie)d were obtained in several of ihe tunnels in Ratnier Mesa.
The maximum stress ranges ([rom 117.2 10 65 A hars, the in-
termediate stiress ranges from 65.0 10 46.8 har,, and the
minimum stress ranges from 42 6 10 13 A bars. The mant-
mum and intermediate principal stresses he in a8 northeast
trending plane that s vertical 10 45° inclined. These stress
fNield data were related 1o local geology, faulting. and tec-
fonics.

128 Fre, J.R., Carroll, R.D., 1908, Magner,
J.E,., and Cunningham, D.R., U'.S. Geological Sure
vey Investigations in the Ulln.03 drift, Rainier
Mess, Area 12, Nevada Test Stie: U'. S, Geological
Survey open-file report 80-1074, 29 p.

Urzn.o.\ lies entirely within subunit 4 of the Miocene
Tunne} beds. Paralle] faults and ¢lay nch tuff were encoun-
tered benesth the aqueduct syncline which crealed severe
ground support and construction problems. This drilt was
eventually abandoned as a nuciear fest site. Flows of up o

208 Umin were encountered initially. These Mows have

dropped 1o approximately 1.3 Vmin. .

126 fae, J.R., and Cunningham, '.IJ;. 1974,

Geology of the Uln.10 UG-1 horiznntal driiihote,

Reinler Meve, Aren 13, Nevada Test Site, Nevads:
U.8. Geological Survey report USGS-474-219, 21p.

The Ulln. 10 UO-1 honasonisl enploratory hels was
collared at Nevada State coordinates N. 895,008 04, E.
$33,702.99 at an altitude of 1830.8 m within ihe tunnel hede
of Rainier Mesa. This report containe stratigraphic, sirwc-
tural, geophysical and mechanical property dats.

127 Eae, J.R., Daniichich, W,, and Feazel,
C.T.. 1980, Geologyof the Ul1n.02 (Midi Mist) drift
and Posrshot cLservations, Rainler Mess, Area 113,
Nevads Teat 8Site: U.8, Geologic Survey report
USGS-474-2217 (Area 12-45), 21 p.

U12n.02 drift penetrates tunnel bed swbunis 4AD,
4ACD, 4B, 4F, 40, 414, and 4J. Two faulns mapped on the
surface of Rainjer Mesa were identified as having cwt the
Ul2na tunnel complex at drift level, Visual inspection showed
that shot-induced effec n the rock medium at the énift level
exwnded f01337.7 m from the work n the form of frac-
nares and small sheat dwplacements slong bedding planes.

128 Fge, J.R., Dodge, H.W,, Milter, D.R.,
and Magner, J.F., 1976, Determinstion of n niw
stress In U121.82 SRT Alcove, Aqueduct Mesa, Ne-
vada Test Slie: U.S, Geonlogicsl Survey report
USGS-474-238 (Area 123-34), 16 p.

Stres: =retwef borehole-delormation measurements were
made in the U121.02 drifi. All etresses were found 10 be com-
[:unn. The cakulated verical-siress component of 63.6

s #s conststent with the estimated vertical strese attributed
1o averdurden. The manimum principal stress (65.8 hars)
tremds N. 74° B, and s 4° off the vertical. The minimum
siress (26 Ohars) trends S. 62° E. and ik 3° telow horison-
tal. These trende are similar 40 other siress measurements
made at the Nevada Test Site

129 Fge, J.R., Mitter, D.R., and Danlichich,
W,, 1970, Schmidt hammer test method for field
detlermination of physical properties of seolltized
tuff: U.S. Geolngical Survey open-Flle report
70-117, 23 p.

This repont documents the appiicability of the L-tvpe
schmudt hamme s on reohitired tuff. Field testing of 1he device
In Area 12 yir ded rock strength values for Rainier Mesa.

130 Foqlinton, T.W,, and Dreicer, R.J.; 1984,
Meteorol sgical design parameters for the candl-
date site of a radioaciise-waste repository a8t Yuccs
Mounts n, Nevada: Sandia Natlional ladorstortes
report S ANDRE-0440/2, Athuquerque, N M.

A coli ction of tnereoroiogxal information and data for
ihe design a W comiruction of an inviallation at the candt-
date location ¢ a repository for radicactive wasie at Yucca
Mountain is pre.ented Climate and weather data provided
in this summary thal are essential 10 the proper arc hitec tural
engineerning of surface and sutmuiface facilitwes and schedul-
ing of repository actrvities include: precipitation, highining,
temperature, relative humadity, solar radiation, cloud cover-
age, wind, and ale presture.

" Fhgariner, N.1... 1987, Sensttivity analvees
of underground drift temperature, stresses, and
aafety faciors 1o vartation in the roch mass proper-
tiens of tnflf for a nuclear waste reposliory located al
Yucca Mountain, Nevada: Nandia National L.abo-
;;loﬂel report SANDSe-1250, Atbuquerque, NM,

P,
Preliminary two-dimensional ihermal and thermal/ me-
chanical sensitivity analvses of the design of the honsontal
emplacement drilt wers periormed lof imes out to 100 years
afrer wasie emplacement The purpose of the snalysis b to
provide insight mnto the relative i portance of the thermal
and thermal/thennal mechancal propertwes that impact the
siahility nf the emplacement drift, specificsily. heat capac-
i1y, conductivity, ihermal expamsion. in site thermal gradi-
ent, 10 st stress, joint cohesmon. and fric tion angle, elastic
modules, Posson’s r1ahio, tock inctnn angle, and rovk com-
pressive and tensile sirength Resulls indicate that the design
of the horizonial emplacement dnfi can tolerate the eapesied
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variadility in the thermal and thermal mechanical proper

ties.

3 Ekren, E.B., 1963, Geologic setting of Ne-
vads Test Site and Nelills Alr Force Range: In
Eckel, E.B., Nevada Test Slte: Geological Society
of America Memolir 110, p77-86.
The general stratigraphy, structure, geologic history
::d cc'::omk deposits of the Nevada Test Site are briefly
cussed,

133 Ekren, E.B., Anderson, R.E., Rogers,
C.L., and Noble, D.C., 1971, Geology of the north-
ern Nellls Alr Force Base Bombing and Gunnery
Range, Nye County, Nevada: U.§, Geological Sur-
vey professional paper 651, 91 p.

The siratigraphy and structure of & 2,400 mi? area di-
rectly north of Rainier Mesa are described. The area is com-
posed of dominantly Tertia
scription of sr ai. mines and prospects within the area is
given as well

134 Ellls, W.L., and Fpe, J.R., 1978, Determi-
natlonof In situsiress In Ul2g tunnel, Rainier Mesa,
Nevada Test Site, Nevada: U.4. Geological Survey
report USGS-474-219, 18 p.

Stress relief borehole-deformation measurements util-
izing the overcore technique were made at a depth ol 442 m
below Rainier NMesa. Allsiresses were compressive. The cal-
culated vertical stress is 67 bars. The maximum principal
stress &55 bdars) trends N. 21° E. and the minimum principal
stress (26 bars) trends N. 68° W.; both are nearly horizon-
tal.

138 Ellls, W.L., and Kibler, J.D., 1983, Explo-
sion-Induced siress changes estimated from vi-
brating-wire stresameter measurements near the
Mighty Epic event, Nevada Test Site: U.S. Geologi-
cal Survey open-file report B3-642, 25 p.

Explosion-induced compressive siressea have been pre-
dicted by computer calculalions, butl have never been con-
firmed by field measurements. Vibrating-wire stressmeter
measurements made near the Mighty Epic nuclear detona-
tion, however, qualitatively indicate that within 150 m of the
working point, permanent compressive siress increases of
severa) megapascals were present 15 weeks after the event.
Variations between the calculated and measured value did
occur. For ihe ra:ige of fleld measurements from the working
poinl, the computer model predicted the largest siress
change to be radial from the detonation poini while field data
indicate the transverse component of stress change 10 be the
most compressive.

136 Ellls, W.L., and Magner, J.E., 1980, Com-
pliation of results of three-dimensional siress de-
termiinations made In Rainler and Aqueduct Me-
sas. Nevada Test Site, Nevada: U.S. Geological
Survey open-file report 80-1098, 27 p.

Since 1971, the U.S. Bureau of Mines overcore method
hus deen used 10 determine stress at nine Jocations within
Rainier and Aqueduct Mesa. Results indicate a generally
consistent Jmem of relatively hlfh stress in a northeast
southwest direction and relatively low stress in a northwest
southeast direction within the mesas. The pattern is consis-
tent with estimates of the regional stress orienlation based on

ological and geophysical evidence. The state of siress in

inier and Aqueduct Mesas is probably tectonic in origin,
with significant modifications in stress magnitude and orien-
tation owing 10 1he topography, elevations, and local geology
of the measurement sites. ) i

137 Ellis, W.L., snd Swolfs, H.S., 1983, Pre-
liminary assessment of in situ geomechanical char-
acteristics in drilihole USW G-1, Yucca Mountain,
Nevada: U.S. Geological Survey open-flle report
83-401, 22 p.

Observations made during drilling and sulm?uem test-
ing of the USW G-1 drilihole at Yucca Mountain provide

volcank rocks., A briefl de- -

qualitative insights into the in sity geomechanical character
Istics of the layered nu{f unils penetrated by the hole.

138 Emerick, W.L., 1962, Interim Geological
Investigations in the Ulle.06 tunnel, Nevads Tesi
Site, Nye County, Nevada, with a section ont
Gamma-radioactivity: U.S. Geological Survey re-
port TEIL-77), 38 p. .

The geology of the tunnel bed 4, as it occurs in Ul2e.06
drift is described. The structure, relrolo;y. physical proper-
ties and cheni..al nature of the n{fs are described. A gamma
radioactivity survey of the tuff was conducted within the
drift. The results indicate that this method cannot be used for
stratigraphic correlation, however it can determine radioiso-
tope dlstribution resulting from nucicar tests. Anomalous ra-
dioactivity is apparently rolaied to areas containing a higher
degree of {racturing and fe..nng. :

139 Emerick, W.L., and Dickey, D.D, 1962, In-
terim geological investigations in the Ul12e.03a and
Ul2e.03b tunnels, Nevada Test Site, Nye County,
Nevada, with a section on gamma-radioactivity
survey of Ul2e.03a tunnel b{ C.M. Bunker: U.S.
Geologlical Survey report TEI-806, 26 p.

The Ulle tunnel comrplex is driven southwestward be-
neath Rainier Mesa. The geologic Investigations examined
the nonwelded, zeolitized tuffs of the informal tunnel bed
units. A gamma-radioactivity survey showed very little vari-
ation in the tulls with respect 1o gamma radiation.

140 Fmerick, W.L.., Dickey, D.D., and
Mckeown, F.A,, 1962, Interim geological Investigs-
tions in the Ul2e.04 tunnel, Nevada Test Site, Nye
County, Nevada: U.S. Geological Survey report
TEI-776, 27 p.

U12e.04 drift was mined entirely in the E and F subunits
of the tunne! beds. The stratigraphy, structure, lithology.
chemistry and physical properties of the units intersecting
this drif1 are described.

14} Emerick, W.1.., and llouser, F.N,, 1962,
Interim geological Investigations In the U12b.08
tunnel, Nevada Test Site, Nye County, Nevada:
U.S. Geologlical Survey report TE1-814, 2) p.

U12h.08 drift is T" of the U12b tunnel complex driven
into the eastern flank of Rainler Mesa within the Survey
Butie Member of the Oak Spring Formation. The strati-
graphy. structure, mineralogy, chemistry, ard physical
properiies of the units intersected by the U12b.0. Jrift are
presented

142 Erdal, B.R., et al,, 1978, Sorption and mi-
gration of radlonuclides In geologic media: Los
A'.mos National LlLaboratory report LA-
UR-78-2746, l.os Alamos, NM

The interactions of a quartz monzonite, an argillite, an
alluvium, and several tufls with varjous radioruclides in se-
lected phreatic walers have been studied.

143 . Erdal, B.R., et al., 1980, Pararncters af-
fecting radlonuclide migration in geologic media:
In Northrup, C.3.M., ledt], Sciearific Basis for Nuclear
Waste Management, Plenum Publishing Corporation,

New York, NY, p. 609-616.

Studies conducted by Los Alamos National Laboratory
on quartz monzonite porphyry (Climax stock), an argillite
(Eleana Formation), and rhyolitic tuff (Jackass Flat) are
presented. These studies are primarily concerned with sorp-
tion ratios and the paramelers which affect it.

143 Erdal, D.R., et al., 1981, Nuclide Migra-
tlon Field Experiments— Program Plan: Los
Alamos National Laboratory report LA-8487-MS,

.L.os Alamos, NM, 71 p.

A description of Los Alamos nuclide migration field
studies is given. The ficld studies are an attempt to determine
the parameters that control radionuclide migration in a tuf- .
faceous environment similar 10 Yucca Mountain. The field
::perimenu will be located within U12g tunnel in Rainier

e1a.
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'148 Erdal, B.R., ¢t al., 1922, Some geo-chemi-

cal considerations for a potential repository site In
tuff at Yucca Mountain: Los Alamos pf-noml
Laborstory report LA-UR-83-1304, l.os Alamos,

NM, .

Ooocgnmkll considerations from Yucca Mountain are
presented in order 10 show some of the geochemical factons
that must be considered before any “guarantes” can be made
that potential releases of radioactive contaminants will not
affect the health and safety of present and future genera-
tions. Site specific tuff geochemical information that is im-
yot::! fag site selection ard repository performance is dis-
cussed.

146 Erickson, J.R., Waddell, R. K., 1983, 1den-
tification and characterization of hydrologic prop-
erties of fractured tuff using hydraulic and tracer
teats: Test well USW §1-4, Yuccs Mountain, Nye
County, Nevada: U.S. Geologicsl Survey Walter-
Resources report 85-4066, 30 p.

The test well peneirates volkcanic tulls through which
water moves primarily along fractures. Data collected {rom
hydrologic and tracer tests and an acoustic-leleviewer log,
were used to ntify intrawell-bore flow directions and
rates, permeability distribution, fraciure porosity, and ori-
entations of the hydraulic conductivity ellipsoid for the test
well. This report also presents results and interpretations ol
hydrologic and tracer tests used to identify and characienze
fractures contnbuting 10 groundwaiter flow in the well.

147 Fenix and Sclsson, 1986, NNWS! hole his-
tories UE-25a#1, UF-25a83, UE-25a84, UE-25a08,
UE-28a%6, UE-25aF7: Fenix and Scisson report
DOEINV/10322-9, Tulsa, OK, &) p.

Data presented in this document includes the hole histo-
ries, locations, dally activities, coring records, review of
hole conditions, and pogh;ﬂcul logs of drillholes
UB-25a#1, UE-25a#3, UE-2S5a#4, UE-25a#5., UE-
253468, UB-25a#7. These wells are located in Drillhole
Wash, on the easl flank of Yucca Mountain.

148 Fenix and Sclsson, 1986, NNWS! hole his-
tory UE-25b%1: Fenix and Scisson report DOE/
NV/10322-13, Tulsa, OK, 37 p.

Data presented In this document includes the hole histo-
rles, locations, daily aciivities, cornng records, review of
hole conditions, and pgeophysical logs of drillholes
UE-25b#1.

149 Fenix and Scisson, 194, NNWSI hole his-
tories UE-25¢c#1, UE-25c#2,. and UFE.-25¢#): Fenix
and Scisson report DOE/NV/10322-14, Tulss, OK,

$9p. .

leu presented in this document includes the hole histo-
ries, geophysical log and video tape listings, and microfiche
copies of all geophysical logs run in drillholes UE-25¢#1,
UE25¢#2, UE2Sc#3 by Fenix and Scisson. These wells are
Jocated on Yucca Mountain.

150 Fenix and Scisson, 1986, NNWS| hole hise
tory UE-25h#!: Fenix and Scisson report DOE/
NV/10322-15, Tulss, OK, 14 p.

This borehole was drilled 1o provide continuous core
samples for the geologic Investigation of the Topopah Spring
Member as a possible site for an adit in which to conduct
nuclide migration fleld experiments. Data prescnted inciude
jocation, daily activities, review of hole conditions, geo-
physical lo Ibllnr. video tape listing and microfiche copies
of all geophysical logs run by the F&S subconiracior.

181 Fenix and Sclsson, 1986, NNWSI hole his-
tories UE-25p#1: Fenix and Scisson report LU/
NV/10322-16, Tulsa, OK, 39 p. :

Data presenied include locations, daily activities, re-

views of hole condition, geophysical log listings, video urv
y

listings. and microfiche copies of all geophysical logs run
F&S subcontraciors. This drillhole is located on the eastern
flank of Yucca Mountain.

152 Fenix and Scisson, 1986, NNWS| hole his-
torles UF-25 RF#1, UE-2S RF#l, UF-25 RF#),
UF-28 RFIIN, UE-2S RFrs, UF-28 R¥SS, UR-28
R¥I, UE-2S RFFTA, UR-2% RFSS, UE-1S RFFY,
UF.-28 R+#10, UF.-25 RF#11: Fenlix and Scisson re-
port DOE/NV/10)23-11, Tulsa, OK, 68 p.

The 12 holes were drilled to provide samples and allu-
via! thickness determinations for the repository surface fa-
cilities, especially with respect to foundation conditions.
Data presented in the hole histories include all Jocations,
dally activities and review of hole conditions.

153 Fenix and Scisson, 1986, NNWSI hole his-
tories UE-28 WT#), UE-28 WT#sd, UE-28 WTSS,
UE-28 WT#6¢, UE-125 WT#FI2, UF-25 WT#3, UE-2S8
wWT#4, UE-25 WT#IS, UE-2S WTss, UE-1S
WT#17, UE-25 WT#IS, USW WT-1, USW WT-2,
USW WT-=7, USW WT-10, USW WT-11: Fenix and
Sclsson report DOE/NV/10322-10, Tulsa, OK, 112

Data presented Include locations, daily activitles, re-
views of holc conditions, geophysical log listings, video ur
listings, and microfiche copies of all geophysical Jogs run by
F&S subcontractors.

154 Fenlix and Scisson, 1986, NNWSI hole his-
torics UF.-29a#1, UF.-198#2: Fenix and Scisson re-
port DOF/NV/10)22-12, Tulsa, OK, 13 p.

Data presented in this document includes the hole histo-
ries, locations, daily acuvities, coring records, review of
hole conditions, and ‘Feophysiul logs of drillholes UE-
29a#) and UE29a#2. These wells are Jocated in Fortymile
Canyon, just east of Yucca Mountain.

158 Fenlx and Scisson, 1986, NNWS] hole his-
tories USW Vii-1 and USW VI]{-2: Fenix and Scis-
son report DOE/NV/10322-17, Tulsa, OK, §7 p.

These boreholes were drilled to obtain hydrologic, geo-
logic, and norhyskﬂ data 10 help determine the volcanic
eruption rate in Crater Flat, the seromagnetic anomalies
easl of Red and Black volcanic cones, and to help define the
rate of vertical tectonism in western Crater Flat. Data pre-
sented include locations, dally activities, review of hole con-
ditions, geophysical log listings, video 1ape listings, and mi-
crofiche copies of all geophysical logs run by F&S subcon-
traciors. X
156 Fenix and Sciason, 1987, NNAWS] drititng
and mining summary: Fenix and Scisson report
DOLINVII0I22-24, Tulsa, OK, 45 p.

A summary report for all boreholes drilled prior to July
1, 1987 in support of the NNWSI is presenied. The
boreholes were drilled in Areas §, 5, 16, 17, 25, 26, 29, and
30 of the Nevada Test Site and in the Burcau of Land Man-
agement land adjacent 1o the Nevada Test Site.

187 Fenix and Scisson, 1987, NNWSI1 hole his-
tories; unsaturated zonc-neutron holes; 76 bore-
holecs drilled between NMay 1984 and February 1986:
Fenix and Scisson report DOE/NV/10322-21 Tulsa,
0K, 310 p.

This is a compliation of data from 74 shai'nw alluvial
exploratory core holes and two shallow calibration core
holes. The boreholes were drilled to obtain undisturhed allu-
vial cores, to determine vertical distribution of moisture con-
tent and water potential, and 10 run neulron moisture logs.
Data presented in the hole histories include sll locations,
daily activitics and review of hole condilions.

158 Fenix and Sciszson, 1987, NNWST hole his-
torles USW G-1, USW G-2, USW (G-3, USW G-4,
US\W GA-1, USW GU-1: Fenix and Scisson report
DOE/NV/10322-19, Tulsa, OK, 187 p,

This is a compilation of data (rom six exploratory .
borcholes drilled 10 characterize the geologic, geophysical
and hydrologic data for.the Yucca Mountain block. The in-
Tormatlon presenied includes kocations, daily activities, core
records, mud records, rcview of hole conditions, geophysical
log listings, video lape lislings, and microfiche copies of all
geophysical logs run by F&S subconiractors.
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159 Fenix and Sclisson, 1987, NNWS! hole his-
tories USW }{-1, USW 11-3, USW 1i-4, USW II-§,
USW 11-6: Fenix and Sclsson report DOE/

NV/10322-18, Tulsa, OK, 43 r
This is a compilation of data from five horeholes drilled
within the Bureau of Land Management lands adjacent to
the Nevada Test Site. The information presented includes
focations, daily activities, review of hole conditions, geo-
hysical log listings, video tape Ihllnr. and microfiche cop~

of all geophysical logs run by F&S subconirations.

168 Fenix and Scisson, 1987, NNWSI hole his-
torfes USW UZ#1, USW UZ 84, USW UZ 88, USW
UZ86, USW UZsés, USW UZM, USW UZSS, USW
UZ#13: Fenix snd Scisson report DOE/NV/
30323-20, Tulsa, OK, 84 f

This is a compilation of data from five boreholes drilled
within the Bureau of Land Management lands adjacent to

ihe Nevada Test Site. The information presented includes |

locations, daily activities, review of hole condilions. geo-
hysical log listings, video lape listings, and microliche cop-
of all geophysical logs run by FAS subcontractors.

161 Fenske, P.R., and Carnahan, C.1.., 197§,
Water tadle and related maps for Nevada Test Slie
and central Nevada test arca: Desert Rescarch In-
stitute Publication #45009, Renn, NV, 18 p.

Water Table Maps, water 1able gradienl maps, and
depth-to-water maps have been construcied for the Nevada
Test Site and the Central Nevada Test Area by empirical
simulation using s digita! computer.

162 Flanigsn, V.J., 1981, Aslingram survey at
Yucca Mountain on the Nevada Test Slte: U.S.
Geological Survey open-(ile repore R1-980, 37 p,

The purpose of this study is 10 determine whether of nol
varfous EM methods could determine the Jocation of (ault
sones within northwesi-trending valleys in the Yucca Moun-
tain area. The methods tried included slingram, turam and
VLF. The data suggest that some of the northwesi-trending
valleys contain ENM conductors that may be related to {rac-
turing and faulting.

163 Flood, T.P., Schuraviz, B.C., and Vogel,
T.A., 1986, Magma mixing due 10 disruption of a
compositional interface: l.awrence l.ivermore Na-
tional Laboratory report UCRL-15821, L.ivermore,
CA, 44 p.

The chemical compositions of glassy pumices are used
10 investigate the relationship hetween (wo ash-flows sheets
that were erupied from the same volcanic center. The first
ash-flows sheet, the Jarge volume Topopah Spring Member,
represents an eruption from a magma body that contained a
sharp compositional interface betiween a high-silica thyolite
and a lower-silica quariz latite. The second ash-flows sheet
Is the smalles volume Pah Canyon Member. 11 represenis an
eruption of a relatively homogeneous magma that is interme-
diate in composition to the compositions of the Topopah
Spring Member.

164 Fouty, S.C.. 1984, Index to published geon-
logle mapsin the reglon around the potential Yucca
Mountain nuclear wante repository site, southern
Nye County, Nevada: U.S. Geological Survey
open=flie report 84-524, 20 p.

A series of index maps are presented in this report to
provide an up-to-date reference of published geological
maps coverln, the candidate area. The published maps
range in scale from 1:1,200 through 1:700.000 and include
maps published b{ the USGS, state and commercial organi-
zations, universities, and professional socielies.

163 Freeze, R.A., ct al., 1987, report of the
Technical Advisory Committee on “Uncertainties
In groundwster trave! (ime calculations at Yucca
Mountain, Nevada™: Tcchnical Advisory Commit-

tee report, Sandia National laboratories, Aldu.
querque, NM, 19 p.

This report summarizes the meeting of the Technical
Advisory Commiitee held at ihe Ramada Classic Inn in Al
buquerque, NM, on June 15-16, 1987, The relative influ-
ence of the uncerainty of various parameiers on the
groundwater travel time and the cumulative density function
are expressed.

166 French, R.H., 1983, Precipitation insouth-
ern Nevads: Journasl of Ifydraulic Engineering,
vol. 109, no, 7, p. 1023-10)s.

The distribution of precipitation in both time and space
In the southern Nevada area is examined. It s concluded
that this area can be divided Inlo two zones of precipitation
separated by a iransition 2one on the basis of annual average
precipitation. One region, relative to the other, is delined to
to be & deficit annual average preciptiation region. In addi-
tion, precipitation records at two stations in the southern Ne-
vada area were examined and point intensily/duration rela-
tlonships were derived.

167 French, R.M., Ezeftawy, A., Bicg, )., El-
ltot, B., 1984, Hydrology and water resources over-
view far the Nevada Nuclear Waste Siorage inves-
tigations, Nevada Test Slte, Nye County, Nevada:
Desert Research Institute report NDESS001350, Las
Vegas, NV, 81 p.

A summary is presented of the literature and available
unpublishtd dala regarding hydrology and water resources
utihzaton in the Nevada Test Site area is presented.

168 French, R.Il., Elzeftawy, A., Filiot, 0.,
1984, Ilydrology and water resources overview for
the Ncvada Nuclear Wasie Storage Invesiigations,
Nevada Test Site, Nye Counly, Nevada— anno-
tated bibllography: Desert Rescarch Instliute re-
port [DF.85001349, L.as Vegas, NV, 79 p,

The literature available regarding hvdrology and utiliza-
tion of water resources in the southwesiern Nevada Test Site
arca is reviewed. .

169 Galloway, D.L.., and Erickson, J.R., 1988,
Tracer testiforevaluating nonpumping intra-bore-
hole flow in fractured media: Transaction of the
American Nuclesr Soclety, vol. 50, p. 192.

A short-term tracer test using 131) was conducied in
USW H4 under non-pumping conditions lo defermine intra~-
borehole Now directions, magnitudes, poinis of groundwater
borehole ingress and egress, and to correlate these move-
ments with the occurrence and properties of fractures.

170 Gibbons, A.N., 1958, Gealogic effects of
the Rainler underground test— preliminary report:
U.S. Geological Survey report TE1-718, 38 p.

The geologic effects of the Rainier nuclear test con-
ducted at Rainler Mesa are documented. The area of study
includes the Ul2b portal and adits and surficial expression of
the area above the blast.

171 Gibbons, A.B., [Hlinrichs, E.N., and
Botinelly, T., 1960, The role of Impermeable rocks
in controlling zeolitic alicration of tuff: U.S. Geo-
logical Survey professionsl paper 400-D,
n4a73-n47s,

This report documents the effects impermeable rocks,
welded tulf. rhvolite, and pre-volcanic rocks have had on
|heI “zeolmuuon of more permeabdle, overlying tuffaceous
units.

172 - Gibdbons, A.D,, llinrichs, E.N., lHanasen,
W.R., and l.emke, R.W,, 1963}, Geology of the
Rainier Mesa Quadrangle Nye County, Nevada:
U.S, Geological Survey ManQ-zlS.

A geologic map of Rainier Mesa is presented.

173 Glanzman, V.M., 1985, Bibllography of re-
ports by U.S. Geological Survey personnel on stud-
les of underground nuclear test sites and on waste
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mansgement studies at the Nevada Test Site and
the Waste Isolstion Pllot Plant Site, NM, January
1, 1983, 10 December 31, 1984: U.8. Geological Sur-
vey open-file report 85-343, 24 p.

reports within this dibllography inchude information on
wnde nd nucieat festing and waste mans gement projects
8t the Nevada Test Site and radiocsctive wasie projects si the
WIPP sie in NM.

174 Cusowsk], R.V., Nimick, F.B., Siegal,
M.D., and Flnlo;. N.C., 1983, Repository site data
report for tuff: Yucce Mountain, Nevada: Sandla
Nstlons! Laboratories report SANDS1- 2105, Albu-
qucn‘uc. NM, 12 p. .

Sie specific data concerning the high level repository at
Yuccs Mountain are integrated as part of the NRC risk as-
sessment methodalogy development program. The tectonic
setiing, sehamicity, igneous acitvity, geothermal gradient,
surface geologic processes, natural resources, stratigraphy,
structure, and homenclature and classification of tulls are
discussed. Also discussed are the hydrology and geochemis-
try of Yocca Mountain.

178 tiadley, G.R., 1984, WWater transport
through welded tuff: Sandia National l.aboratories
report SANDA2-1043, Albuquerque, NM, 32 p.
Water transport through welded tuff was studied with
the sid of three drying experiments and one imbibition ex-
periment performed on a single 0.15-m-long core. The
specimen was saturated using a nove) technigue which meas-
ures the volume of water imbibed as a function of time In or-
der 10 insure complete saturation. Profiles of saturation vs.
axial position along the core were provided by measunng the
intensity of a beam of 662 Ke\' gamma ray photons aftet
passing through the sample in a direction normal 1o the axss
of the cylinder. Results indicate that the drying process is, in
neral, not characierized by a receding evaporation front as
s been previously assumed. butl rather by evaporation
throughout the sample.

176 fladley, G.R., and Turner, Jr., J.R., 1980,
Evaporailve water loss (rom welded tuff: Sandla
National Laboratories, Albuquerque, NM, SAND
report 80-0201, 19 p.

This paper reporis the measurement of water Joss rate
for weided tulf at various temperatures due to the action of
evaporative drying. The resulting data show that the water
loss rate declines monotonically with time at a given fem-
perature and increases with increasing temperature as ex-
pected. Surprisingly 90% of 1he sample moisture was lnst to
evaporation within 72 hours at room lemperature.

1 flagstrum, J.T., Denlels, J.J., and Scotd,
J.11., 1980, Analysis of the magnetic susceptibility
well log indrilthole UF.25a-5, Yucca Mountsin, Ne-
vada Test Slte: U.S. Geological Survey open-flle
report 80- 1263, IS p.

An analysis was conducted 1o determine the factor(s)
responsible the variation in magnetic susceptibility measure-
ments from drilihole UE25a#$ at Yucca Mountain. Results
indicate a correlation between magnetite gratn size and sus-
ceptibility variation. The associalion of magnelic suscepti-
dility anomalies with the crysial-rich zones of the weided
tuffs will aid in the identification and correlation of the erup-
tive sequences at the Nevada Test Site.

178 flagstrum, J.T., Danlels, J.J., and Scott,
J.H1., 1980, Interpretation of geophysical well-log
measurements in drilthole UK 2Sa#], Nevada Test
Site Radjoactive Waste Pragram: U.S. Geonlogical
Survey open-file report USGS- OFR-R0-941, 36 p.

This repont deals with the inlerpretation of physical
properties for the tuff units from geophysical well-log meas-
urements. To characierize these units, resistivity, density,
neulron, flmma ray. Induced polarization, and magnetic
susceplidllity geophysical logs were made.

179 i1aimson, B.C.. 1982, A comparstive study
of deep hydrolraciuring and overcoring siress
measurementis at six locations with particular In-
terest to the Nevads Test Site: in Zoback, M.D.,
end Haimson, N.C., [eds], 1982, Proceedings of
workshop 17, workshop on hydraulic fracturing
stiress measurements, vol. 1: U.S. Geologicsl Sur-
vey apen-file report 82-1078, p. 277-304
Six case histories, inchuding 12 from Rainler Mesa, are

described in which deep hole hydrolracturing siress measure-
menu were compared with independently conducied over-
coring tess. All the com::rbonn show good 10 excellent
agreement with respect 1o both siress magnitudes and direc-
tons.

180 Hansen, W.R., and Lemke R.W., 1958,
Genlogy of the USGS end Ralnler tunnel areas, Ne-
vada Test Site: U.S. Geological Survey report
TEI-716, 110p.

In 1947, the Rainier and USCS tunnels wers the sites of
experimental explosions designed to test the feasibdility of
deep-underground detonation as 8 method of testing nuciear
devices. The geology of these areas was map in detail 50
that the geologic effects of the blasts could be fully evaluaied.

‘181 jlansen,, W.R., Lemke, R.W., Catter-

mole. J.M., and Gibbons, A.B., 196}, Stratigraphy
and structure of the Ralnier and USGS tunnel ar-
eas, NeCada Test Slie: U.S. Geological Survey pro-
fessional paper IR2-A, 48p.

In 1957, the Rainter and USGS tunnels were the sites of

_experimental explosions designed 1o lest the feasibility of

deep-underground detonation as & method of testing nuclear
devices. The geology of these areas was mapped in detall so
that the geologic effects of the hlasts could be fully evaluated.

182 tlasler, J.W., 1963, Interim geological In-
vestigstions In the Ul2e.07 tunnel, Nevada Test
Site, Nye County, Nevada: U.S. Geological Survey
report TEL-834, 19 p.

U12¢.07 drift was driven into the eastern flank of Rain- .
jer Mesa into the nonwelded 1uff of (he Jower membder of the
Indian Trail Formation. The unu;nphr. lithology. struc-
ture, petrology, chemistry, and fhyuiu properties of this
\Inilh:l i1 occurs in the vicinity of the U12¢.07 drilt are de-
scnbed.

183 Ilewkins, D.B., 1981, Kinetics of glass dis-
solution and zeollte formation under hydrother-
mal condlitions: Clays and Clay Minerals, vol. 29,
no. §. p. 331-340.

The kinetiks of the dissolution of rhyolitic glass and the
reaultant diagenesis of minerals are investigated.

184 flazlewood, R.M., 1961, Interim report on
seismic velocitles of the Oak Spring Formation
Ul2e and UI2b tunnel systems, Nevada Test Site,
Nye County, Nevada: U.S. Geological Survey re-
port TE1-79S, 12p.

A summary of seismic velocltkpromu taken in Ui2d
and Ul2e tunnels within Rainter Mesa is presented. The
selsmic surveys were done 10 determine the average velocity
for the mapped lithologic units in the tunnels and 1o set seis-
mic stations in each tunnel system for which velocity data are
known or can be computed. )

188 IHealy, J.H1., llickman, S.1l., Zoback,
*.D., and Elits, W.1.., 1981, report on televiewer
log and siress measurements In core hole USW
G-1, Nevada Test Site, December 13-22, 1981: U.S.
Geological Survey open-file report 84-18, 47 p.
This document describes the operations and prelimi-
nary results of televiewer logglong and stress measurements
conducted in USW-G1 drilihole on the castern flank of
Yucca Mountain. -

186  Ilealey, D.1.., Clutsom, F.G., and Glover,
D.A., 1984, Horchole gravity meter surveys In
driltholés USW G-3, UE-25p#1 and UE-2Schl,
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Yucca Mountain area, Neveds: U.8. Geologica)
Survey open-file report 84-672, 16 p.

The primary purpose of the study was 10 measure the in
situ dulk densities of the Jithostratigraphic units penectrated
by these drillholes using borehole gravity meter surveys.

187 flesley, D.L1.., Clutsom, F.G., and Glover,
D.A., 1986, Borehole gravity meter survey in
drilthole USW G-4, Yucca Mouniain ares, Nye
County, Nevada: U.S. Geological Survey open-file
report 36-208, 1)8.

Drillhole USW (-4 was logged wilh a borehole gravily
meter |a nrder 10 oblain a more accurate estimate of the ia
site lnnﬁ hulk density of the geologic units. This data
should be helpful for planning the construction of the pro-

posed shalt.

188 fHealey, D.L., Waht, R.R., and Currey,
F.E., 1981, Principal facts, accuracles, sources,
and hase siatlon descriptions for gravity stations In
the Nevada part of the Goldfield and Martposa 2°
sheets: U.S. Geological Survey report USGS-
474-311, 12 p.

More than 12,000 gravity observations have been taken
since 1938 in the Nevada part of the Goldlicld and Mariposa
2° sheets. Numerous reporis are available that present dis-
crete parts of the data. This report is a compilation of all
these dala after conversion 1o the International (iravity Stan-
dardization Neiwork. The report provides descriptive infor-
mation and offers & source for principal facts.

189 lealey, J.11., llickman, S.il., Zoback,
M.D.. and Ellls, W.L., 1984, report on (cleviewer
log and stress measurements in core hole USW
G-1, Nevade Test Slte, December 13-22, 1981: U.S.
Geological Survey open-(lie report 84-18, 50 p,

The operations and the preliminary resulis of televiewer
Jogging and siress measurements in USW G-1 at Yucca
Mountain, carried outon December 13and 22, 1981 are dis-
cussed. USW G-1 is jocated on the eastern MNank of Yucca
Mountain.

190 fleiken, G.11., Nevier, M. 1., 1979, Petrol-
ogy of tuff units from the J-13 drill site, Jackass
Flats, Nevada: L.os Alamos Natlona! l.ahoratory
LA-7563-MS, Los Alamos, NN, §5 p.

The purpose of this report is 10 provide hasic petrologic
data for the tulf encountered in the J-13 drill site. It d‘-
scribes zonation of suthigenic minerals with depth and com-

res the zonation 10 other arcas of the Test Site and west

exas. The zonation is developed by leaching of glass phases
and deposition of aulhigenic minerals in open hydrologic
sysiems.

191 fienne, M.S., 1982, The dissolution of
Ralnler Mesa volcanic tuffs, and its application to
the analysis of the groundwater environment: Uni-
versity of Nevads, Reno Masiers Thesis, Reno,
NV, 113 p.

Dissolution studies of Rainier NMesa volcanic glass were
conducied 10 determine the lime-dependency of various sili-
cale reactions. These studies yielded the following relation-
ship between silica concentrations in the groundwater (Q),
time (1), and the lf surface area 1o waler volume ratio,

(0):
Qs 3.5 x 10°4gt 6360

With this relationship the retention time of water in the wffs
was estimated to be about three monihs.

192 Iinrichs, E.N., and Orkild, P.P,, 1961,
Eight members of the Qak Spring Formation, Ne-
vada Test Site, Nye and L.Incoln Countics, Nevada:
;J‘.sl.',(’}eolnglc Survey prafcasional paper 424-1), p.’

The Oak Spring Formatlon is divided into scven formal
members and an Informal lower membes. These members

sre: Tub Spring, Grouse Canyon, Survey Butie, Stockade
Wash, Topopah Spring, Tiva Canyon, and Rainier Mesa.

193 flo, D.M., Sayre, R.L., and Wu, C.L.,
1986, Sultadiitty of natural solls for foundationa for
surface facliities at the prospective Yucca Moun-
tain Nuclear Waste Repository: Sandia Natlonsi
l.aborstlories report SAND8S-7107, Albuquerque,

The natural soils of Yucca Mountain are evaluated for
the purpose of assessing the sultabilli, of the soils for the
foundations of the sutface facllities a1 the prospective reposi-

1ory.

194 Itoffman, 1..R., and Mooney, W.D., 1984,
A selsmic study of Yucca Mountain and vicinlity,
southern Nevada: U.S. Geological Survey open-
file report 83-S88, 57 p. .

Seismic refraction studies were conducted at the Ne-
vada Test Site 10 aid in the investigation of the regional crus-
tal structure near Yucca Mountain. Results Indicate that Pa-
Jeozoic rncks lie at a minimum depth of 3 km beneath part of
Yucca Mountain. These results confirm earlier estimates
based on the modeling of detailed gnvily data. A mid-crus-
tal boundary st 15 ¢ 2 km beneath Yucca Mountain is evi-
dent as are ones identified at 24 and 30 km. )

195 Holcomb, D.J., and Teufel, L.\WV., 1982,
Acoustfc emisslons during deformastion of intact
and jointed welded tuff: Sandla National L.abora-
tories report SAND-82-1003, Albuquerque, NM, 41

As an aid to understanding and monitoring the behavior
of jointed rock masses. a scries of experiments on intact and
atuficlally jointed samples of Grouse Canyon tff have been
done. The 1!l was selected because il is similar lo units un-
der consideration as 8 disposal medium for nuclear wastes.
The samples were instrumenied to measure axial and trans-
verse displacements and AE rates.

196 HHoover, D.N., Chornack, M.P'., and Rro-
ker, M.M., 1982, Ii-lficld telluric traverses nesar
Fortymile \Wash, Nevada Test Site, Nevads: U.S.
Geonloglcal Survey open-file report 82-1042, 15 p.

E-lield ratio telluric traverses have identified abrupt
changes in resistivity a1 several places along the Fortymile
Wash dninl{e. These reslstivily changes have been intee-
preted 10 result from Basin and Range normal faulting along
the wash. Eastol the Yucca Mountain site, four north-south
irending faults have been identified.

197 tloover, 1D.1., 1968, Cenesis of zeolites,
Necvada Test Site: In Fckel, E.R., 1968, Nevada
Test Site: Geological Soclety of America Memolr
110, p275-28d.

he geology, hydrology. mineralogy and chemistry in-
dicate that zeolitization at the Nevada Test Site 100k place in
an unsaturated environment In which vitric rocks were al-
tered by lcaching and deposition. Zeolites were formed just
above permeability batriers where the cation content of the
groundwater and the saturalion of vitric rocks were high
enough to produce zeolites. Zeolite zoning took place alter
the formation of clinoptilolite and consisted mosily of a re-
placement of calcium and magnesium by sodium.

198 1foover, D.1.., Swadley, W.C., and Gor-
don, A.J., 1981, Correlatlon characteristics of sur-
ficial deposits with & description of surficial
stratigraphy In the Nevada Test Slte reglon: U.S.
CGeolnglcal Survey open-<(lle repart 81-512, 26 p.
Surficial deposits in the Nevada Test Stte region have
heen correlated between valleys employing topography,
drainage, topogriphic relaﬂonshlm). soils, desert pavement,
depasitional environment, and lithology as correlation char-
actetistics. Arcas with detailed mapping are centered around
the southwesl portion of the Nevada Test Site Including
Yucéa Mountain and the Lathrop Wells quadrangle. -~ -

199 tiouser, F.N., 1962, Outline of gcology of
the Ul2k and U12k.01 tunnels, Area 12, Nevada
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Test Slte: U.S. Geotoglcal Survey report TEL-817,

P.

The U12k tunnel complex was mined into_Aqueduct
Mesa which is 1o the northwest of Rainter Mesa. The strati-
graphy, stiructure, mineralogy, chemistry. and physial
properties of the Grouse Canyon and Survey Butie Membern
of the Oak Spring Formation are described as they occur in
this tunnel compiex.

200 Ilouser, F.N. and Poole, ¥.G., 1960, Struc-
fural features of pyrocilastic rocks of the Oak
Spring Formation at the Nevada Test Site, Nye
County, Nevada, as related In the topography of
the underlying surface: U.S. Geological Survey
professional paper 400-1, p. 11266-11268.

The structural features of the former Oak Spring For-
mation in the genesal area of Rainier Mesa is related 10 pre-
Tertiary topography.

201 fman, R.L., et al., 1979, Sensitivity study
on the parsmeters of the regional hydrology model
for the Nevada Nuclear \Waste Storage Investiga-
tions: Sandla Netionat Laboratories repori
SAND79-1197C, Albuquerque, NM, 31 p.

Statistical techniques including Latin Hypercube sam-
pling were used 1o perform a sensitivity analysis on a two-
dimensional {inite-element code of 16 hydrogeologic zones
used to model the regional groundwater flow sysiem. From
the results it was found that (1) the ranking of the relative
importance of input variables hetween locations within the
same hvdrogeologic zone was similar, but nol identical: and
(2) inclusion of a correlation structure [or input vanables
had a signilicanteffec 'nthe ranking of their relative impor-
tance. The significan  of these results Is discussed with re-
spect 1o the hydrolog f the region.

202 Johnson, M.S. and llibbard, D.E., 1987,
Geologyof the Atamic Encrgy Commission Nevada
Proving Grounds Area, Nevada: U.S. Geologicatl
Survey Bulletin 1021-K, p. 3J13-384.

The stratigraphy, lithology, and siructure of the Nevada
Test Site is compiled and documented in 8 comprehensive
manner [or the first time. Since 1ts publication, numerous re-
visions 1o stratigraphy have heen published.

203 . Johnason, G.\W., Higgins, G.H. and Viale,
C.E.. 195%, Underground nuclecar dcionations:
Journal of Geophysical Research, vol. 64, no. 10,
p. 1457-1470.

The major experimenial data from several early nuclear
tests conducied within Ratnier Nesa are presented here. The
data are primanly concerned with the location, yield. phe-
nomenology and radiochemical effects of the devices and the
chemical., mechanical, thermal, and physical properties of
the tunnel bed tulfs surrounding the work points.

104 Johnson, R.1.., and Bauer, 8. )., 1987, Unli
evaluation at Yucca Mountain, Nevada Test Nite,
near-field thermal and mechanical calculations
using the SANDIA=ADINA code: Sandia Natlonal
l.aboratories report SANDA3-0030, Albuquerque,
NM, 48 p.

The results of 8 comparative study of the Tapopah
Spring Memberand the Tuffaceous Beds of the Calico Hhils
are presented. The mechanical and thermomechanical re-
sponse of these two horizons were assessed using a (wo-
dimensional version of SANDIA-ADINA. A companson is
made with a similar underground opening geometry located
in the G-Tunnel complex within Rainter Alesa. The uniun-
der investigation there is the Grouse Canyon Member of the
Belted Range Tuff.

208 Johnstone, J. K., 1980, /a situ 1ufl water mi-

gntlonlhenler caperiment-cxperimental plan:’
andia National Laboratories report SAND-79-.

1276, Albuquerque, NM, 164 p. .
The expertmental plan descrnibes an i situ experiment

intended as an initial assessment of water generation ' - "1-

tion in response 10 a thermal input. The expeniment will he

conducied in the Grouse Canyon Member of the Belted
Range Tuff in U123 tunnel within Rainier Mesa. While 1his
unil Is not a potential repository medium, it has physical,
thermal, and mechanical properiies very similat to those
tuffs currently under consideration and is accessible a1 depth
In an existing facility. The experimenial layout is discussed
in detasl.

206 Johnstone, J.K., iladley, G.R., and
Waymire, D.R., 1985, /n situ tuff water migration/
healer experiment, final report: Sandia National
f.aboratories report SANDS1-1918, Albuquerque,
NM, 106 p.
A summation is presented of the results of the ia stsw tuff

waler ml’ulmn'hcuﬂ experiment operated in the welded

rion of the Grouse Canvon Member of the Belted Range

uff in U12g-tunnel at Rainier Mesa. The expeniment was
designed 10 provide an initial assessment of the thermally in-
duced behavior of the polentially large volumes of water
available in near saturated tulfaceous rocks. The results in-
dicate thal the pore waier in these roc ks was highly mobile.
probably by & vapor diffusion/condensalion process.

207 Johnstone, J.K., and Wollsberg, K. [eds],
1980, Evaluation of (ufl as s medium for a nuctear
waste repository; Intertm status report on the
propcerties of tuff: Sandtia Natlonal l.aboratorics
report SANDS0-1464, Albuquerque, NM, 134 p.

Thesinterim status of studies of tulf properties deter-
mined on samples odained rom Yucca Mountain and Rain-
1et Meaa (CG-Tunnel) located on the Nevada Test Site is dis-
cussed

208 Kane, M.F., and Breacken, R.E., 1983,
Aeromagnetic map of Yucce Mounialn and sur-
rounding reglons, southwest Nevada: LU.S. Geo-
fogical Survey open-file report 83-616, 78 p.
Magnetic anomalies over Yucea Mountain and sur-
round.ng areas arte largely caused by variations in maghelx
properires and shapes including struciural offsets of the ex-
tensive volcanic units that underlie the region. In a few
&l‘uu. the anomalies are caused by intrusions. Three major
undarnes are indicated by contrasts in regional magnetic
expressions )

209 Keller, G.V., 1960, Physicatl properiies of

the Oak Spring Formation, Nevada: U. 8. Geologi-

:‘-‘ln Survey profecssional paper 400-18, p. NI%-
0.

A bricl presentation of the porosity, deneity, permeabil-
iy, water conient, acoustic velocities, thermal properites
and elecincal properiies are given lor the Qak Spring Forma-
tion as it occurs within Rainer Mesa.

210 Keller, G. V., 1962, Electrical resistivity of
rocks Inthe Area 12 tunnels, Nevada Test Ste, Nye
Counly, Nevada: Geophysics, vol. 27, no. 2, p.
3424282,

EFlectrical revistivity measurements were made 1n Ui2b
tunnel within Rainier Mesa in order to determine water con-
tent of the tullacecus units found there. The results of this
carly experiment proved the usclulness of resistivity meas-
urements (og this task.

21 Kelmers, A.DD., 1988, Concerns relative to
the applicability of the Yucca Mountsin sorption
information for site performance assessment pur-
poscs: Oak Ridge Natlonal l.aborstory ORNIL
Ws-41°¢0, 10 p.

Outline of concerns about the amount of data available
and the timeliness of the data being released on sorption ex-
periments are presented.

1M Kerrisk, J.F., 1987, Groundwater chemls-
try at Yucca Mountain, Nevada, and vicinity: Los
Alamos National l.aboratory report 1LA-10929-
MS, Los Alamos, NM, 118 p. B

~ The chemistry of groundwater at Yucca Mountain and
vicinity has been reviewed and compared with the chemastry
ol water trom the Nevada Test Site and surrounding areas
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such as Amargnsa Valley and Oaste Valley. Sodium & the
rﬂmn cation and carbonate 18 the primary anlon in watse
rom the satursted 2one of the tulfaceous aquifer at Yucca
Mountain. Other major cations present are calclum, polas-
sfum, and uuf.mtum: oiher major antons are sulfate and
ehloride, with lesser quantities of ride and nitrate. Aque-
ous ailica is also present. Major cation concentrations are
controlled by rock dissolution and mineral precipiiation re-
sctions as well a8 by cation exchange with exisiing minerals.
us carbonate initially comes (rom atmospheric and
soll-20ne CO;, bul ihere Is evidence at Yucca Mountain thai
€Oy in the gas phase of ihe unsaturated zone supplies addi-
tional carhonate 10 saturated rone water in the tulfaceous
lvlhr as mineral dissolution and precipilation reactions
raise the pH of the water. A carbon model for this process bs
discussed; one conchaion of the model 1 thal the 1rue age of
water thatl has oblained significant amounts of carhonate
from the gas phase of the unsaturaied rone is older than its
apparent age. The primary source of aqueous chioride and
suliate s prohabl{ precipitation; there does nol appear to be
any mineralogical conirols on these species at Yucca Moun-
tain. There is some evidence thal the water in the deep satu-
rated zone may he reducing. Water near the stalic wates jevel
is oxidizing. Walet in the wesicrn parnt of Yucca Mountain is
fower In calcium 1han waler (o the east. Carbonate and {luo-
ride tend 10 he more concentrated in the waiter in tie south-
wesiward part of the mountain,

213 Kerrisk, J.F., 1983, Reuction-path calcu-
lations of groundwater chemistry and mineral for.
mation at Rainler Mesa, Nevada: l.os Alamos Na-
tional l.aborsiory report L1.A-9912-MS, los
Alsmos, NM, 41 p.
This paper studies reaclion-palh calculations of
roundwater chemistry and mineral formation al Rainser
esa, This was done using a model of volcanic glass disso-
futlon by water thal Is initlally ssturated with CO;.
Groundwater chemistry s related to the relative dissolution
rates of species from the glass and the minerals that precipi-
tate during the dissolution process. A sequence of mineral
evolution has been defined in this study. The results will be
used in support of geochemical models of Yucea Mouniain.

214 Kerrisk, J.F.. 1985, An assessment of the
important radlonuclides In nucicar wasie: l.os
Alamos Natlonal l.aboratnry report [.A-10414-
MS, Los Alamas, NM, 28 p.

The relative importance of the various radionuclides
contained in nuclear waste has heen assessed hy considera-
tion of: 1) the quantity of each radionuclide present; 2) the
Environmenis]l Protection Agency's release limits for rad-
fonuciides; 3) how retardation processes such as solubility
snd sorption aflect radionuclide transport; and 4) the physt-
cal and chemica) forms of the radionuchdes in the wasie
Three types of wasie were reviewed: spent fuel. high level
wasie, and defense high level waste. Conditions specifc lo
the NN'WSI project’s proposed site at Yucca Mountain were
used lo describe radionuclide transpont. The aclinides Am,
Pu, Np, and U were identified as the wasie clements for
which solubillt{ and sorption data were mosl urgently
needed. Other important wasie elemenis were {dentilied as
Sr, Cs. C. NI, Zr, Tc. Th, Ra. and Sn. Under some condi-
tions, the nadionuclides of C, Tc. and | may have high solu-
bility and ne"l‘lgihle sorption. The pom\m{lov transport of
some waste elements (C and [) in the gas phase musi also be
svaluated for the Yucca Mountain sie.

218 King, K.W., and Fngdahl, E.R., 1984,
Southern Great Basinsetsmological data report for
1980 and preliminary data analysis: Sandia Na-
tional Laborssorics report SANDARI-2628, Albu-
querque, NM

Earthquale data for the calendar year 1980 are pre-
sented for earthquakes occurring within and adjacent 10 the
southern Nevada seismograph network. Locanons, magni-
tudes. and selected focal mechaninms for these evenis and
events from grm years of network operation are presenied
and discussed in relation 1o the geologic Iramewark of the re-
glon. The principal results are that (1) earthquakes concen-

trate in faull sones having a northeast orientation, (2) lauh
sones haring a northwesi orlentation are quiescent or nearly
50, and (3} no earthquakes have been detecied closer than
32 km 10 the proposed Yucca Mountain nuclear waste re-
pository area.

216 Kiavetter, FE.A., and Peters, R.R., 1916,
Fstimation of hydrologic properties of an unsatu-
rated, fractured rock mass: Sandia National Labo-
ratories, Albuquerque, NM, report SAND 84-2842,
unlimitied release, UC-70, 49 p.

This document presents a general discussion of (1) the
hydrology of Yucca Mountain and the conceptual hydrolo
model currently being used for the Yucea Mountain site. (2)
the developmeni of models that may be used o simulate flow
In a {ractured porous medium, and (3) comparison of these
models. .

217 Knauss, K.G., 1983, UPetrnlogic and
geochemical characterization of the PBullfrog
Member of the Crater Fiat Tuff-ouicrop samples
used In waste package experiments: lawrence
Livermore Naillonal laboretory report UCRL-
$3470, L.ivermore, CA, 21 p.

This report summarizes the characterization done on
samples of the Bullfrog Member of the Crater Flat Tuff. Ex-
pertments include hvdrothermal water/rocht Intersctions,
corrosion, (hermomechanics, and geochemical modeling.

’ -
218 Knauss, K.G., 1984, tiydrothermat! Inter
action studies of ulifrog Member tuff core walers
In J-13 water at 150°C: quantitative analyses of
aquenus and solld phases: l.awrence Livermore
;nllnnnl l.aboratory UCRL.-83521, Livermore, CA,
4 p.

This paper describes the work conducied to understand
the water chemtsiry In the neat-lleld surrounding a nuclear
waste repository in the Bullfrog Member of the Crater Flat
Tulf a 10 study any changes in the rock itsell due lo
hydrothermal alierstion. Samples were collecied from the
southwesiern portion of Yucca Mouniain. Statk hydrother-
mal experimenis with polished core walers were run for 60
days. Salution chemisiry for both crushed 1tf and the core
wafers are in good agreement Extentof the reaction over the
60 days 15 minot, even though solution effects were ob-
served.

219 Knauss, K.G., 1934, Petrologic and
geochemical characierization of the Topopsh
Spring Member of the Paintbrush Tuff, oulcrop
samples used In waste package experiments:
l.awrence Ll.ivermore Natlonal l.sbusstory report
UCRL.-53558, Livermore, CA, 36 p.

Charactenzation siudies conducted with outcrop sam-
ples of Topopah Spring Member of 1he Paintbrush Tulf are
summarized. .

220 Knauss, K.G., 1987, Zeolltlzation of glassy
Topopah Spring Tuff under hydrothermal condi-
tions: l.awrence l.ivermore National laboretory
report UCRL.-94464, Livermore, CA, 10 p.

Solid walers of glassy tuff were reacted with & dilute
roundwates for several months a1 130 and 250°C «t 100
ars pressure in Dickson-type, gold-hag rocking sutoclaves.

The 1a situ chemistry of the hydrothermat fluids were mod-
cled and the chemical aftinities for all possible mineral pre-
ciptiation reactions were cakulated using the EQJ/6 pro-
gram. In gencral. the ohservalions are in relatively good
agreement with the geachemical mode! calculations.

221 Knauss, K.G., and Relriger, W.B., 1904,
report on static hydrothermat alteration siudies of
Topopah Spring Tulf waters in J-13 water at 150°C:
lawrence {.lvermore Natlional Laboratory report
UCRL.-53576, Livermore, CA, 29 p.

Static hydrothennal alteration experiments were nuin for
four months using polished walers either fully submerged in
an appropriate natural groundwater or exposed 10 water-
saturated air with enough excess water 1o allow refluxing.
The resulls predict relatively minor changes in water chemis-
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fry, very minor alieration of the host rock, and the produc-
tion of slight amounts of secondary minenals.

312 Knauss, K.G., Belriger, W.J., and Peifer,
D.W,, 1938, llydrothermal interaction of crushed

Topopah Spring Tuff and J~-13 water at 90, 150, and -

250°C using chluon-'ljpc. gold bag autoclaves:
Lawrence Livermors National lL.aboratory report
UCRL-53630, Livermore, CA, 27 p. :

The data, derived from hydmthermal Interaction of
enmhed Topopah Spring Member samples and well J-13
water, can be used 10: assess the abllity 1o use “accelernted”
tests based on the surface area/volume parameler and tem-
perature; allow the measusrement of chemical changes due to
feaction phases present in the tull hefore seaction: and per-
mit the identification and chemical analysm of secondary
phases resulting from hydrothermal reactions.

223 Knauss, K.G.. BDeiriger, W.J., Pelfer,
D.W,, Plwinski, A.J., 1988, llydrothermal interac-
tlon of solld walers of Topopah Spring Tuff with
J=13 water and distilied water at 90, 150, and 250°C,
using Dickaon-type, gold-bag rocking auinclaves:
Lawrence Livermare Natlonal l.aborstory report
UCRL-$3648, Livermore, CA, 5§ p.

The NNWSI project has conducied experiments o
study the hydrothermal interaction of rock and water repre-
sentative of a potentia! high-level waste repository atl Yucca
Mountain. The results obiatned from the expenmenic have
been used 10 evaluate the modeled retults produced hy caku-
lations using the geochemical reaciion process code EQJ/6.

224 Knauss, K.G., Beiriger, W.J., and Pelfer.
D.W., 1987, Hydrothermal interaction of solid wa-
fers of Topopah Sf)ﬂng Tulf with J-13 water at 90°
and 150°C using Dickson-type gotd bag rocking
asutoclaves; long-term experiments: [.awrence
Livermore National l.aboratory report UCRIL.-
$3722, Livermore, CA, 21 p.

The experiment was designed to augment shorter term
hydrotherma) interaction experiments Results indicate that
a kinetic inhidbitton exists for the precipitation of zeolties in
hydrothermal waters.

228 Knauss, K.G., et al., 1984, Ilydrothermal
interaction of Topopah Spring Tulf with J-13 waier
as a function of tempersture: l.awrence Livermore
National l.aboratory report UCRI.- 0RS), liver-
more, CA, 9 p.

Experiments were conducted 1o study the hvdrothermal
interaction of rock and water represeniative of a potential re-
pository in tulf. Crushed tuff and polished walfers were re-
acted with a natural groundwater in Dickson-type gold-hap
rocking autoclaves. Results were compared with predictions
based on the FQJ/6 geochemical modeling code

b3 Knauss, K.G., and Pelfer, D.\W,, 1986, Re-
action of vitric Topopah Spring uff and J-1)
roundwater under hydrothermal condlitions using
Mckaon-type gold-bag rocking sutocleves:
f.awrence l.lvermore Nationatl [.abaratory report
UCRL-33798, Livermore, CA, 39 p.
Experiments were conducied 1o study the effects of re-
nsllory-p»enm‘l heal on glassy tufl present at Yucca
ountain. The (a sitw chemsiry of the hvdrothermal Nuwds
was modeled for severa) temperatures; and the chemical af-
finities for all possible mineral precipitation reactions for
species contained within 1he database were calculated using
Q3/6. For the 230°C experiment, the cakulations rre-
dicted lhe!nclpmnon of a reolite mineral. Analysis of the
runshowed (hat the wafer had been extensively corroded, the
glass shards were replaced b{ucllnopulolile. and rure clinop-
tilolite precipitated from solution. Modeling of 1
experiment indicated that, althoughclay minerak were more
highly supersaturated than zeotites 1n the {irst half of the ex-
periment, by the end of the run a reclite was also predicted to
precipitate. Analysis of the run showed no well crystallired
secondary minerals had formed. In the 90°C run, 1he degree

he 150°C -

of supersaturation for both clays and zeolites was lower than
at either of the higher temperatures. The relative change in
supersaturation for any one mineral was lower as the run
progressed. Slow precipltation kinetics may preciude the for-
mation of the minerals of Interest during the time span of the
experiment.

227 l.ahoud, K.G., lLobmeyer, D.N., and
Whitfleld,M.S. Jr., 1984, Geohydrology of volcanic
tuff penetrated by test well UE-25b81, Yucca
Mountain, Nye County, Nevada: U.S. Geological
Survey Water Resources Investigstions report
84-423), 44 p.

Average hydraulic conductivily was measured nlon1
with hydraulic head on the water In the well. Chemka
analyses indicated the waier is 8 soft sodium bicarbonale,
slightly alkaline, with large concentrations of dissolved silica
and sulfate. Carbon-14 age dates of the waler were 14,100
and 13,400 yean.

228 tangkopl, B.S., and Fshom, F.., 1982, Site
exploration for rock mechanics fleld test In the
Grouse Canyon Member, Belted Range Tuff, Ul2g
Tunnel Complex, Nevada Test Site: Sandia Na-
ttonal f.aborataries report SAND-31-1897, Albu-
querque, NM, 62 p.

This report describes site exploration work completed in
support of planned rock -mechanics lield tests in the Grouse
Canyon Member of the Belted Range Tuff at the Nevads
Test Sife, (i-Tunnel. As pari of this work, the rock mechan-
fcs dnift and the rock mans property slkcove were mined and
three coreholes were dritled. The results of the mapping and
coring are displayed, described and analyred. -

229 lLangkopf, N.S., and Gnirk, P.R., 1986,
Rock-mass classification of candidate repository
units at Yucca Mountain, Nye County, Nevada:
Sandia National l.aboratories report SANDS2-
2034, Albuquerque, NM, 136 p.

Available site-specific Information from driltholes,
supplemented by the needed information from tulf units at
other locations, was used in conjunction with two rock-mass
classification systems 10 evaluate the relative excavationsta«
tility of these units. The four units within Yucca Mountain
which were evaluated were the weided, devitrified portion of
the Topopah Spring Member: the zeolitized, nonwelded por-
1on of the Tuflaceous Beds of the Calico Hills; the welded,
devitrilied portion of the Bulltrog member; and the
devitrified poriion of the Tram Member. Two other units lo-
cated at Rainier Mesa, the welded portion of the Grouse
Canvon Aember of the Belted Range Tuff and the non-
welded Tunnel Red 3 were also evaluated. The welded,
devitnfied portion of the Topopah Spring Member and the
welded portion of Ihe Grouse Canyon Member ranked high-
esl in stabdility

130 langkopl, B. 8., and Mallory, L.1H., 1984,
Natural language solution to a tuff problem: San-
dia Natlonal L.aborainries report SANDB4-0704C,
Atbhuquerque, NM, 12 p.

The Tulf database, 1 being created for use by screntists
and engincers investigating the feanibility of locating a high-
level radioactive wasie repository at Yucca Mountain. This
paper gives a hrief description of the Tuff dalabase and its
associated syslems.

pA ) Leppin, A.R., 1980, I'reliminary thermal
expansion screening data for tuffs: Sandia Na-
tional l.aboratories rcport SAND78-1147, Albu-
qQuerque, NM, 34 p.

A major vanable in evaluiting the potential of silicic
tuffs for use in geologic disposal of heat-producing nuclear
wastes is thermal expansivn. Results of ambient-pressure
linear-expansion measurements on a group of tuffs that vary
greatly in povosilband mineralogy are presented. Samples
were taken from UE-25a#1 st Yucca Mountain, well J-13
on the western edge of Jackass Flat, and the G-Tunnel com-

plex heneath Rainier Mesa.

232 Lappin, A.R., 1981, Thermal conductivity
of sllicic tulfs, prediciive formatiam and compari-
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son with pretiminary experimental results: Sandia
Natlonal Laboratories report SANDB0-0749, Albu-
querque, NM, 46 p.

The available thermal conductivity data for silicate
phases within tuffaceous units are summarized and several
grain density and conductivity trends which may result from

1emplacement alieration are described. A formalism for
the prediction of tufl thermal conductivity I8 discussed. A
bounding curve is drawn that predicts the minimum theoreti-
eal matrix (zero porosity) conducth.uy for most Yifs as s
function of grain density. Comparison of experimenial re-
sults with this curve shows that experimenial conduciivitios
are consistently lower al any given grain density. Samples
were 1aken from drilthole UE-25a#1 at Yucca Mountainand
the G-Tunne! complex at Rainler Mesa.

23 f.appin, A.R., and Nimick, F.H., 198§,
Bulk and thermal properties of functionat tuf.
faceous beds In holes USW G-1, UE-~1%«81, and

USW G-2, Yucca Mountain, Nevads: Sandla \a« -

tiona! Laborstories report SANNDARI-1438, Albu-
querque, NM, $5 p.

A possible emplacement horizon. known as the tuf-
faceous beds, s delineated in three boreholes below Yucea
Mountain. Physical parameters measured are grain densi-
ties, thickness, porosily, and thern:al conductivily and ex-
pansion.

34 l.appin, A.R., and Nimick, F.IV., 1985,
Thermal properties of the Grouse Canynn Member
of the lleited Range Tuff and of Tunnel Bed §, G~
Tunnel, Nevada Test Slie: Sandia Natlonat L.abo-
ratories report SANIS2-2203, Albuquerque, NM,
47 p.

Therma! conductivity and (thermal expansion data lor
tuffs of Ihe devitrified welded Grouse Canyon NMember and
for the zeolitized nonwelded Tunnel Bed S are presenicd.
Thermal properties have been found 1o be a function of min-
enlogy and saturation. Thermal conductivity results alsoare
affected by matrix and (racture porosity, and thermal expan-
sion behavior is a funciion of confining and fluid pressures.

238 f.appin, A.R., et al., 1982, Thermal con-
ductivity, bulk properties, and thermal strati-
grephy of siticic tuffs from the upper portion of
ftole USW-G1, Yucca Mountain, Nye County, Ne-
vada: Sandla Natlonal [l.aborataries report
SANDS1-1873, Albuquerque, \NM, 46 p.
Thermal-conductivity and buld property measurements
were made on welded and non-weided silicic tulfs from 1h~
uppet portion of l{ole USW-(i1, localed al Yucea Moun
atn. Extrapolated measurements suggest that matnx ther-
mal conductivity of both zeolitized and devitrificd tufls is in-
dependent of stratigraphic position, depth, and location.

236 Laraway, W.ii., and Hfouser, F.N., 1962,
Outline of geology of the U12) and Ul2[.01 tunnels,
Nevada Test Slie: U.S. Geological Survey repors
TE1-328, 11 p.

The U12) tunnel complex is located within Aqueduct
Mesa 10 the northeast of Rainier Mesa. The tunnel is driven
entirely into the Survey Butte Member of the Piapi Canvon
Formation. The stratigraphy, structure, lithology, chemis-
try. and physical properties of the units intersected by this
tunnel are presented.

237 f.evy, S.S.. 1984, Petrology of samples
from drillholes USW H-3, 11-4, and 1{-5, Yucca
Mounisin: l.os Alamos Nastlonal lLaboratory re-
port LA-9706-MS, Los Alamos, NN, 82 p.

The petrology of aliered volcaniciasiic rocks and asso-
clated secondary minerals was siudied from samples ob-
tained from drillholes USW H=3, H-4, H-$ in Yucca Moun-
tain. Products of reolitization were analyzed in the Paint-
brush Tulf, il of Calico Hills, and Crater Flai Tuff.

238 levy, S.8., 1984, Studies ‘ot altered
vitrophyre for the prediction of nuclear waste re-
pository-induced thermal alieration at Yucca
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Mountain, Nevada: 1.os Alamos National Labora-
tory: In Sclentific Basls for Nuclear Waaste Man-
sgement Vil: Sympasium held November 198) In
Noston, Massachusetis: Malerials Research Socl-
ety Symposia Proceedings, vol. 26, pp.959-966.

‘I"be suscepiibility of a SO ft-thick vitrophyre 10 ihermal
alieration by examining alteration that occurred in the rock
as 1t cooled altes deposition s evaluated. An iIncrease of
60°C or more is likely lo result in alieration and formaition of
reotites and smectites. Alteration will be concentrated neat
the 1op of the vitrophyre and alon' fractures. Zeolites and
smectite, newly-crystallized along {luid flow paths below the
waste reposilory, could provide an enhanced sorptive barnet
1o radionuclids migration.

23 tin, W., and Dally, W., 1984, Transport
properites of Topopah Spring Tuff: f.awrence
Livermore National f.abaratory report UCRL-
$3402, Livermore, CA, 20 p.

Electrcal resistivity, ulirasonic P-wave velocity and
water permeability were measured simultaneously on both
intact and fractured Topopah Spring Tuff samples at a con-
fining pressure of S.0.MPa, pore pressure 10 2.5 MPa, and
temperatures 1o 140°C. Results indicate that the fractured
sample dehydrates and rehydrates nonuniformly, whereas
the Inlact sample does so0 uniformly. The wetting {ront
moved 100-times faster within the dry {raciured sampie rela-
tive 1o that of the dry inlact sample. The wetting and drying
cycle decreased the fracture permeability as a result of frac-
ture healihg caused by silica dissolution and redeposition.

240 Lipman, P.W,, and Christiansen, R.L.,
1964, Zonal features of an ash-flows sheet tn the
Plapt Canyon Formatuon, southern Nevada: U.S.
Geological Survey prolessionsal paper $01-B, p.
$74-0178.

Chemical analyses from devitrified, lithophysal and va-
pot-phase zones of an ash-flows sheet in southern Nevada,
newly named the Yucca Mountain Member, indicale limited
compositional variation. Nonwelded vitric 1uff at the edges
of the ash-flows sheel dilfers appreciably in composition
from crystallized ! because of incipient secondary altera-
tion of melastable glass shards.

241 Lipman, P.W,, Christlansen, R.l.., and
O'Conner, J.T.. 1966, A compositinnally zoned
ash-flows sheetinsouthern Nevada: U.S, Geologl-
cal Survey professional paper $24-F, 47 p.

Several ash-flows sheets in southern Nevada display
svstematic chemical and mineralogical zonations: in each ol
these zoned sheets, basal crystal-poor thyolite grades up-
ward into crysial-tich quariz latite. These compositional
changes appear 10 refllect verical variations in the magmas
from which the ash-flows sheels erupted. The Topopah
Spring Member of the Painibrush Tull is typical of such com-
positionally zoned units and is discussed in detail. Variations
n welding, crystallization, composition, mineralogy, tex-
ture, and chemistry are discussed. The variations of the
ahove patamelers are interpreted wilth respect 10 magmatic
differenliation.

242 l.obmeyer, D.11., 1986, Geohydrology of
rocks penetrated by teat well ULSW G-4, Yucca
Mountain, Nye County, Nevada: U.S. Geological
Survey, Water Resources Investigations report
R6-4N1S, 38 p. -

Test well USW (-4 was drilled on the eastern flank of
Yucca Mounta:n to a depth of 915 meters. The well is near
the site proposed [or a exploralory shaft that would aid site
characterization. Two pumping tests were run. Transmus-
sivity lor the entire saturated section is about 600-meters
squared perday. Most ol this flow is thought to come from a
single rone 10-meiers thick helow a depth of 892 meters.
Tests indicated that the section above 892 meters has a
transmassivity of only 7 melers per day.

243 tobmeyer, D11, Whitfleld, M.S.,
l.ahoud, R.G., and NBruckheimer, [L[.., 198},
Geohydrologic data for test well UE-25h#), Nevada




Test Shie, Nye County, Ne'ade: U.S. Ceological
Survey open-=[iie report 83- 855, 43 p.

Data on drilling operations, lithology, core analyses,
Sorebole mp:rm. hnnbm mmwnn!. hldnulk ent-
ing. and water chemisiry for well UE-23081 are pre-
n:u. well Is located on the east Nank of Yucca Moun-
|

344 Long, J.W., el al., 1983, Prediction of
downhole wsveforms: Sandis Natlonal Laborato-
ries report SANDS1-1478, Albuquergque, NM, 441
3

A least-squares lineas prediction method waing an optt-
mum finie Impulse response filler was used io predict a
downhole-velocity wavelorm. A fiiter way determined from
suriace and downhole-velocity wavelorms {rom several un-
derground nuclear test eventa at sach of several locations
Separate filiers were determined for vertical, radial, and tan-
gential components. Fllters for each component for several
evants were averaged. The messured surface velocity
waveform for an event wes used with the filie? 1o predici the
downhole-velocity waveform lor that event. The coherence
between the measured and predicied velocity waveforms was
evaluated using & normalized mean squared error. The simy-
lated downhole waveform was compared with the downhole-
"b‘ﬂ waveform measured on that event The method was

fied 10 velocity waveforma generaied by test events of
Pahute Mesa and in Yucca Flat. There i insufficient data to
date from a recently installed surface/downhale peair in
Yucca Mountain o apply the method as it was spplied 1o
other pairs. There ia & similanty in geology of Yucca Moun-
tain and Rainier Mesa. Therefore, the average filier from
Rainier Mesa was applied (0 the surface-velocity waveicrms
a1 Yucca Mountain from one event in predicl the downhale
waveform. The coherence belween the predikied and meas-
ured vertical and tangential waveforms was bhetier than he-
tween the icted and mescured waveforms at Rainier
Mesa. The coherence for the radial component was poorer.

248 Maidonado, F., 1935, Geologic map of the
Jackass Flats area, Nye County, Nevada: LU.S.
Geological Survey Map 1-1519,

A robgk map of Jackass Flai, including Yucca
Mountain, s presented.

146 Maldonado, F., Koether, S.1.., 1983,
Stratigraphy, struciure, and some pctrographic
festures of Tertiary volcanic rocks at the USW G-2
drilihole, Yucca Mouniain, Nye Couniy, Nevada:
U.S. Geological Survey open-file report 83-732, 83
p.

This study examined the stratigraphy. petrology, and
fault and fracture frequency in the dnilthole. The Paintbrush
Tufl, tuffaceous beds of Calico Hills, Ceater Flat Tuff, lava
and flow breceia, 1wuff of Lithic Ridge, bedded and ash-flows
tuff, lava and flow breccia, bedded tufl conglomerare and
ash-flows wiif, and o)der tuffs of USW (5-2 were penetrated
in descending order. A fracture analysis was performed
along with identification of fault zones.

247 Maldonedo, F., Steele, S.G., and
Townsend, D.R., 1979, Supplementary lithologic
jogs of selected vertical drillhnles In Area 13, Ne-
vads Test Shie: U.S. Geological Survey repornt
USGS-474-261 (Area 12-50), 61 p.

Lithologic data has been collecled from drillholes in the
Rainjer and Aqueduct Mesas since 1970. Data presented In
this repori inchude locations and lithologies for one slant and
22 vertical driitholes greater than 152.4 m in depth.

248 Malmberg, G.T., and Eakin, T.FE., 1962,
GCroundwater appraisal of Sarcobatus Flat and Oa-
sis Vailley, Nye and Esmeralda Counties, Nevada:
State of Nevada Depariment of Conservation and
Natural Resources, Groundwaler Resnurces-Re-
connaissance Series report 10, 38 p.

The estimated average annual recharge and discharge
from the groundwaler reservotr in Sascohatus Flat is 3,500
acre-feet. Twelve-hundred-acre-feet of the recharge are

~ ¢ould be pum

thought 1 be derived from basin precipiiation and 2,300
acre-feel are sitributed 0 groundwams wnderflow from
Siwonewall Flat and Gold Flal. A groundwates budget s cal-
culated for the dasin and suggests that up to 3. 500 acre-(eet
from the basin without exceeding perennial

4. Groundwater chemistry is high in sodlum and bikcar-

nate. The estimated average annual rechasge 1o and dis-
¢harge from Oasis Vatley Is on the order of 2, acre-feet.
About 250-acre-feet are derived from precipiiation within
the basin and ahout 1,800-acre-feet are dertved from under-
flow from Gold Flat. Groundwater development 18 resiricted
to springs along 1he flood plasn of the Amargosa Rives. Six of
these lpnnipnmdc wate? 10 Beatty even though the fluoride
content is about {ous limes above the recommended limits. A
considerable amount of water with low Jevels of fluonde may
exist in the alluvial aquifer adjacent 1o the Bulifrog Hills.
Limited recharge 10 this system prevents the exchmsive wse of
this aquifer for municipal supply

149 Mansure, A.J.. and Ortis, T.S., 1934, Pre-
liminary evsiuation of the subsurface ares avall-
able for a pateniisl nuclear waste repository at
Yucca Mountain,: Sandia National laborstories
report SANDS4-0175, Albuquerque, NM, 26 p.

The first purpose of this study was to determine if ade-
quaie area exists 1o contain the underground facilities of the
reposilory within the devitrifled, densely weided, To’yoplh
Spring Member in areas that contain less than 15-20%
lithophysae. The second purpose was in identify s prehimi-
nary location within the primary area of exploration, where
conditions are favorahle for the propnced underground facili-
ties. Results indicate that an area significantly larges than
“the proposed underground [acilities o?lhe reposiiory exsis
However, hecause t gmmrl area of exploration has heen
the ceniral portion of Yucca Mountain, adjacent areas are
less well characierized. Poriions of the areas Wdentilied in this
study may not meet all of the ahove criteria. The study sbo
sdentified an area with favorable conditions fos the proposed
repository. This area is a slab that dips 3°6°NE [rom & sirike
direction of N11°18°'W. The area of the slad is about 1850
acres.

1350 NMchay, F.J., and Sargent, K.A., 1970,
Genlogic ma; ¢! tne lathrop Wells quadrengle,
Nye County, Nevada: U.S. Geological Survey Map
GQ-R8).

A geologic map of southern Yucca Mountain and
Lathrop Wells i3 presented. .

281 McGovern T.F., 1983, An evalustion of
seismic reflection udles in the Yucca Mounisin
area, Nevads Teat Site: U.S. Geological Survey
open-file report 83-912, $7 p.

An evaluation of vanous seismic studies conducied at
Yucca Mountain was undertaken in order 10 835¢s3 118 SUN-
ability in 1hat environment. A wide variety nf lechaiques
were employed nngm; from the most simple lo elaborate
3-Daurveys Ineachcase, extensive noise studies were con-
ducted, and hased u;on their results, parameters were cho-
sen for multifold CDP recording. in every case ihe signal-to-
noise ratio was such that no reflections were Ascernible

282 Mcheown, F.A., and Dickey, D.D., 1968,
Interim report on genlovic Investigations of the
Utl2e tunnetl system, Nevada Test Site, Nevada:
U.S Geontogical Survey report TEI-772, 17 p.

A description of the lithology, structure, and geochem-
Istry of the tunnel becs as they occut In the Ulle tunnel sys-
tem is presented.

1.3.\ \ckeown, F.A., and Dickey, D.D., 1960,
Some relation between geology and effects of une

. deeground nuclear explosions at Nevada Test Slte,

Nye Couniy, Nevada: U.S. Geonlogical Survey proe
feanlonal paper 400-18, p, BI1S-11417, -

Thie repnrt examines the exient and intensity of fractur-
ing and concurrent tunnel damage from nuciear tests as it re-
Iates in local petrologic and physical properties and pre-ex-
isting fraciure sets,
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154 McKintey, P.W., and Renson, L. V., 1986,
Groundwater chemist at selected sltes In the
Yucca Mountain area, Nye County, Nevade: U.S.
QGeological Survey, open-file report, 84 p.

Croundwates chemistry of wells and springs is presented
for 276 selecied shes tn the Yucca Mountainarea. Where the
data are available, information on well depth, yleld, water
depth, and pumping ttme it abo noled

ass Medica, P.A., O*'Farrell, T.P., end Col-
fins, T.P., 198), Survey of Yucca Mouniain, For-
tymite Canyon, and Jackass Flats in Nye County,
evada for desert tortolse, Gopherus sgassisl:
EGAG report F.GG-1183-2438, Goleta. CA, 14 p.
The objective of this brie! survey was 1o determine i G.
agasizt is present west of Fortymile Canvon in the Yucca
ountain area ot along the major access rnads which lead
through Jackass Flans to Fe-tymile Canvon and Yucca
Mountain.

256 Mihevic, T.M., snd Tyler, S.W., 1987,
Overview of impacts of Rainler \esa wastewnler
disposatfacilities: Desert Reserrch Instituie Letter
report, 2 P.

An Inftial assesament of the Area 12 tunnel ponds as
waste disposal sites is given A brief divcuasion of the hydrol-
ogy of Rainter Mesa and the totatl drvcharge from esch tunnel
is given as & an initia] estimate of each tunnels radionuclide
Inventory contained within one-yearns discharge.

287 Miiter, C.11., 1976, A method for stress de-
termination in N, £ and T tunnels, Nevada Test
Stte, by hydraulic fracturing, with a camparison of
overcoring methods: U.S. Geonilogical Survey re-
port USGS-474-222, 1Jp.

Tweniy-nine intervals in 10 core holes were hydrauli-
cally fractured in N, B, and T tunner The maximum and
minimum stresses (rom these holes were favorably compared
10 stresses determined by neatby overcore methods. If frac-
ture orleniation can be measured. then the directhon of mini-
mum principal compressive Liress can be determined and the
onentation of the plane of the maximum and intermediate
principal compressive stresses can abio he determined.

258 Miller, C.11., Cunningham, D.R., and
Cunningham, M. )., 1972, Permeameier studics in
Ullg.18 experimental drifi, Rainler Mesa, Nevada
Test Site: LU.S. Geological Survey report (Ratnler
Mesa-14), 61 p.

A method ks presented that s uhilized to determine the
depth 1o whikh natural, stress-induced and hlast-induced
fractures extend sround tunnel ortmnp dniven In volkkanx
rocks at Raintes Mesa. Sections of three-inch dnllholes were
peched off and were injecied with air. The rate of decay of

< we Is conelatable 10 the degree of fracturing in lhclro-
E:;: medtum. Permeabilities within the 1-foot packed off
intervals ranged from 1,000 to 0.001 millidarcies.

259 Mitter, C.0L., Kibler, J.D.  and Fge, J.R.,
1978, A new permanent-instailation device for
monitoring stress changes in NX core holes: U.S.
Geological Survey report USGS-474-214, $4 p.

A solid-inchusion probe was developed 10 monntor stiress
changes in rock. The prote can detecl stress changes from 0
10 3,000 pat (rom a few milliseconds to a few years in the ime
domain. Eight permanent probes were field fested in the G,
E. N. and T tunnel complexes. The changes in the stress
fleid with mmcl 10 time is discussed. The ellects of nuclear
tests on the local stress [ield were also measured.

260 Milter, C.11., and Miller, D.R., 1977, Orl-
entation of explosion-induced surface fractlures
estimated from preexplosion fraciures and tn situ
siress measurements: Dulletin of the tngincering
Geologist, vol. 14, no. 1, p. 27-37.

An underground nuclear test caused sutlace cracks that -

were orientated as estimated from i1he measurement of
xplosion fractures and ta sttw stress. Theoreiical frac-
ture planes are orientated N. 28° E. within the Aqueduct

Mesa and the explosion-produced fractures above U121 02
drift were generally orientated in this direction.

261 Milier, C.H., Miller, D.R,, Ellis, W.L. and

¥ge, J.R., 19785, Determination of in siiu stress at

Ulle.18 working point, Rainier Mesa, Nevada Test

glle: U.S. Geonlogical Survey report USGS-474-217,
1p.

P A three-dimensional stress determination was takes &
Ul2¢.18 drift. The magnitude and orlentation of ihe mani-
mum, intermediate and minimum principal siresses are
1,006 Me/infand S. 4° W, 364 Tos/ind and S. 20° W, and
404 M/ind and S. 75° B. Posential planes of fracture are es-
fimated from the orientation of the rnmwl stresses 1o strike
about N. 14° E. and dip about 73° NW.

262 Mitchedt, D. L., 1984, Evaluation of habitat
restoration needs at Yucca Mountain, Nevada Test
Site: EG&AG report EGG-10282-2030, Golela, CA, 10
e Th* extent of restoration needed to minimize the impact
of a proposed high-level radioactive wasie repository i3
evaluated. Generalized techniques to minimize restoraijon
elforts and the need for demonstration projects are sbso pre-
sented.

263 Moncure, G.K., Surdam, R.C., and
McKagye, 1.1, 1981, Zealite diagenesss below
Pahute Mesa, Nevada Test Siie: Clay and Clay
Mincrals, vol. 29, no. 8, p. 385-396.

The Ternhary vokanics in the Stient Canyon Caldera be-
neath Pahute Mesa have been divided into three vertcal
mineralogical znnes that vary in thickness and fransgress
stratigraphic boundaties. Zone |, the uppermost 20ne. in-
cludes unaliered of incipiently-aliered thyolitic glavs. Zone
2 1a characienzed by a predominance o; clinoptilaitte and
subordinate amounts of smectite, cristobalite, and mor-
denite. Zone ) is a complex mincral assemblage that in-
cludes anakime, quariz, calcite, authigenic K-feldspar and
aibite. kaalinite, chlorite, and mixed layer of illite/ sanectite.
The genests of these three mineral zones s also described.

264 Montazer, p., Weeks, E.0*., Thamir, F.,
Yard, S.N., and Haofrichter, P.E., 1938, Moniltaring
the vadaose zone infractured tuff, Yucca Mouniain,
Nevada: U.S. Geological Survey, Denver Colo-
rado, J0 p.

The U.S. Gealogical Survey has been conducing hy-
drologk, geologh . and geophysical studies a1 Yucca Moun-
ain 10 provide data for the poleniial suntatility of the site.
Hydrologic invesligations were slaried in the unsalurated
sone 1n [982. A 17.S-Inch borehole was drilled (o a depth of
1.269 (eet. Thermocouple psychrometers and pressure
transducers were installed at screened intervals and moni-
fored for two years with satisfaclory results.

268 Montazer, P'., and Wilson, \V.E., 1984,
Conceptust hydrologic model of flowin the unsatu-
rated one, Yucca Mountain, Nevada: U.S. Geo-
fogicel Survey Water-Kesaources Investigationa re-
port 84-4348, 8 p,

A conceptual model Is proposed that describes the flow
of fluids through the unsaturated zone at Yucca Mountain.
The geology, stnkiure, porosity, permeability, and {racture
density of the various hydreeeologic units are used to con-
struct a hypothetical model lor flow through porous layers in-
fercalated with double-porosity layers. (n IMs model, flow
through fractures can occur at aimost all stages of satura-
tion, but the flux magnitude in fractures is largely a factor of
the contrast between the matrix and [racture-hydraulic pro
erties and the magnitude of the perturbation of flux at |§
flow houndaries. In this model, (low is retarded by capillary
harricrs that occur at the conticts between nonwelded and
welded units. The effectiveness of this capillary barrier de-
pends'on the magnitude of the Mux and hydraulic-head dis- .
tribution. Hysterests during wetling phases and air entrap-
ment may result in greates flux in fractures than would other-

. wise be predicted. Inlttiation of latera) flow also results. Both
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vapor transport and liquid flow can occur simulancously
within the (ractured la;cn of this model. Net infiltration is
estimated 21 0.5 10 4.5 mm/yr. Water infilirates primarily
into the Tiva Canyon welded unit, but abo into the alluvium,
Paintbnsh nonwelded unit, and Topopah Spring welded
unit. Bastward lateral flow occurs within and sbove the up-
pet contact of the Paintbrush Tull nonwelded unit. This lat-
era! Now is intercepted by structural features, which Innamit
most of the Infilirating water 10 the water iable. Percolation
through 1he matrix occurs ipally vertkcaily in the welded
uails and both mcnllr and vertically in the nonwelded units.
Fracture flow s dominant in the Tiva Canyon welded unit
during Intense pulses of infiration and i insignilica~t in the
Topopah Spring weilded unit except near the upper contact
and near the structural features. Temporary development of
perched water is possible neat the structural features within
and above the nonwelded unita. This water drains into the
structural flow paths and much of §l travels directly to the
watet 1able. Possible flux ranges of 98.0 10 1 x 10-Tare
given ot various units that occur within Yucca Mounuin.

266 Moore, J.E., 1961, Records of wells, test
holes, and springs (n the Nevada Test Site and sur-
rounding area: U.S. Geological Survey report
TE!1-781, 22 p.

This report summarizes all of.the availahle information
of the source, occurrence, quality, quannty, temperature,
and other information on 49 wells and test holes within the
Nevada Test Site. Some of these are located onor near Rain-
ler Mesa or Yucca Mountain.

247 Moore, J.F., 1962, Selected lngs and drilt.
ing records of wells and test holes dritled at the Ne-
vada Test Site priorto 1960: U.S. Geological Survey
report TEL-804, S1 p.

Lithologic logs, driller logs, drilling records, and hy-
drologic daia for 18 wells and lest holes on the Nevada Test
Site are presented. All of these wells were drilled prior to
1960 and have not been documented in priot reports.

268 Moore, D.E., Morrow, C.A., and Nyerice,
J.D., 1984, Changes In permeabdlilty and fluid
chemistry nf the Topopah Spring Member of the
Paintbrush Tuff (Nevade Test Site) when held ina
temperature gradient: summary of resulis:
Lawrence Livermore Natlonal L.aboratory report
UCRL-15620, Livermore, CA, J) p.

Permeadilily measurements made on samples of the
Topopah s;m:s AMember of the Paintbrush Tull at room-
temperature and in 8 lemperature gradient show that the in-
fitally high (3-65 x da) permeabilities are little alfected hy
hesting 1o at Jeast 150°C. The fluids discharged from the
samples of ruff during the experiments are dilute, neatly neu-
tral solutions that differ only shghtly from the starting
groundwaier composition.

269 Moore, D.E., Morrow, C.A., and fiyerice,
J.D., 1935, Permeability and fluld chemistiry stud-
fes of the Topopesh Spring Member aof the I'aint-
brush Tuff. Nevada Test Site: Fart I1: Lawrence
Livermoare Nattlonasl l.aboratory report
UCRL-13667, Livermore, CA, 41 p.

This rpﬂ reports the results of a second set of expen-
ments dea I:g with the effects of pore pressure. sample on-
entation, and flow direction on the permeability and pore
fuid chemistry of this wff. The twif samples used are from
outcrop material collecied at Fran Rudge near Yucca Moun-

270 Morales, A.R., 1988, Technical correspon-
dence in supportof the final environmental assess-
ment: Sandia Natlonsi
SANDSS-2509, Albuquerque, NM, SV p.

This document contains five separate technkal memo-
randa and letiers that were published in order to be ¢cited In
the Final Environmenial Assesament.

f.aboratories .report -

m Morsy, G.W., 1958, The sctlon of hestand

of superheated sieam on the 1uff of the Oak Spring

:-‘:rmnlon: U.S Geological Survey report TEL-729,
p.

Samples of the Oak Spring tuf{ were heated to 1200°C
and subjected 10 high pressures. The tuff becomes fluid
encugh 10 flow atabout 1200°C, however, it remains viscous
ateven higher temperatures. The recrystallization of heulan-
dhe o phpochu feldspar §s indicaiive of ihe presence of
steam at high pressure and lemperature during recrysialliza-
tion.

272 Morrow, C., snd Ryeriee, )., 1984, Fric-
tionat sitding and fraciure behavior of some Ne-
vada Test Stte (ufls: In Dowding, C.11., and Singh,
M. M., {eds] Rock Mechanics {n Productivity end
Protection: American Institute of Mining, Metal-
furgical, and Petroleum Engineers, p. 467- 474,
Deformation studies were performed on tuffaceows
rocks (rom Yucca Mountain 1o determine the sirengths and
coeificients of [riction under conlining pressures from 10 -
$0 MPa st room temperature. Frictional strengths of 30°
sawcut samples increased with pressure and reached vahswes
of around 1350 MPa at the hlrher confining pressures. How-
ever, the (ailure strengths of the intact samples were quite
unrndkuble. The coeflicients of friction ranged between
0 7and 0.9 for all samples. These data can be uved in con-
junction with in sifu siress measurements at Yucca Mountain
1o evaluaié the potential for earthquake activity in the regron.

27 Morrow, C., Moore, D., Ryerlee, J., 198),

Permeabllity and pore=-lluld chemistry of the Bull-

frog tufl in e tlemperature gradient: 241h U.S, Sym-
'9““2'!; on Rock Mechanics, June 15-18, 1983, p.
19-827.

The purpose of this project is 10 investigate the changes
that lake place wilh time when groundwater comes in contact
with heated jock, and 10 determine the ease with which po-
tential radlonuclide-hearing groundwater could be carried
into the environment. The permeability of the samples in-
creased by several millidarcies due 1o thermal cracking. Ex-
posure to hot fluids over time reduced the permeabdility of the
sample by 25-50% of the injiial hecied samples. Chemical
analyses of the discharging fluids indicate that the growth of
minerals such as zeolites and smectiies are responsible for
the observed permeability reductions.

374 MMorrow, C.A., Mooare, D.E., and Ryeriee,
J.D., 1984, Permeabllity and pore-fluid chemistry
of the Tapopah Spring Member of the Palntbrush
Tuff, Nevada Test Slte, in a iemperature gradient
application (o nuclear waste storage: Materials Ree
acarch Soclety Symposia Proceedings, vol. 16, p.
S8)-R90,

Changes with time of the permeadility and fluld chemis-
try of the Topopah Spnn1 Member have been measured ina
tempetature gradient AMaximum temperatures of the im-
posed gradents ranged from 90 to 350°C, minimum em-
peratures were 36 10 83°C. Confining and pore pressures
simulated a depth of about 1.2 km. Heating the tulls pro-
duced little chaar in the permeability of the tutl. The Nuids
that dncharged from the 1uff were of neutral pH and filfer
little from the onginal fluid compositson

278 Moss, M., et al., 1992, Effects of composie
tion, porosity, bedding plane orientation, waier
content and & joint on 1he thermal conductivity of
tuff: Sendia Natlonal [.abaratories report
SANDRI-1184, Alhuquerque, NM, 28 p.

This study deals with the elfects of composition, poros-
ity. bedding-plane orientation, water content and a joint on
the thermal conductivity of tufl from the Grouse Canyon
:;thtl of the Belted Range Tufl as st occurs within Rainsee

esa.

276 Moss, M., snd Itaseman, G. M., 1983, Pro-
posed model for the thermal conductivity of dry
and waler saturaied tuff: Sandla National Ladbore-
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tories report SANDSI-0535C, Albuquerque, NM, 9

. room-twemperature thermal conductivities of two
kinds of tuff from the Nevads Test Slie have been measured
on a lnear heat-flow thermal comparator. The results are
the basis for an empirical model of 1he conductivity of these
rocks in the dry and water-saturaied conditions as a funciion
of porosity. Resuits indicate thai it is justifiable to use a sin-
gle equation 10 predict with good accuracy the ratio of satu-
rated 0 dry-rock conductivily.

mn Mutler, D.C., and Kibler, J.E,, 1983, Com-
mercial geophysical well logs from the USW G-1
drilthole, Nevadas Test Site, Nevada: U.S. Geologl-
csl Survey open-(ile report USGS- OFR-8" 321, 22

P
Wefl logs run st USW G-1 drillhole show only limited
stratigraphic correlation but correlate reasonably well with
the welding of the ash~flows and ash-[all tuffs. Rocks in the
np:: part of the section have highly variable physical prop-
:: , but are more unlform and predictable lower in the sec-
n.

278 Muller, D.C., and Kibler, J.E., 1934, Pre-
liminary analysis of geophysical logs from drillhole
UE-25pf#l, Yucca Mountain, Nevada: U.S. Geo-
logical Survey open-flle report 84-649, 14 p.

Geophysical logs from drilihole UE-235p#] correlate
well with logs through the same geologic units from other
drillholes at Yucca Mountain. The following geophysical
logs were used in drillhole UE-25p#1; caliper, neutron, den-
sity, porosity, welocily, calkulated, diclectric, resistivity,
spontaneous poiential, and gamma ray. The methodology
and results of each lechnique are discussed.

279 Muller, D.C., and Kibler, J.E., 1986, Pre-
liminary analysis of geophysical logs from the WT
series of drillholes, Yuccs Mountain, Nevada: U.S.
Geological Survey open-file report 86-46, 30 p.

Geophysical Jogs from the WT series of drillholes are
pmcmof and correlate well with similar logs from other
driliboles at Yucea Mountain in the unsaturaied zone
through the same geologic units.

280 Naff, R.L.. Maxey, G.13., and Kaufmann,
R.F., 1974, Interbasin groundwalter flow in south-
ern Nevada: Nevada Bureau of Mines and Geology
report 20, 28 p.

A guide 10 the hydrogeology of the southern Amargosa
Desert and adjacent areas in southern Nye County, Nevada
and neardby California. Flow systems for Las Vegas and Pah-
rump Valieys and the Amargosa Desert and Nevada Test
Site are described and compared. Focus is on the effects of
interbasin flow on quality and quantity of water discharged in
the Ash Meadows area.

281 Neal, J.T.. 1986, Preliminary validstion of

eology at site for repository surface facilitles,
Qucca Lounuln. Nevada: Sandia National Labo-
;:torlel report SANDSS-0R1S, Albuquerque, NM,

Boreholes and siesmic refraciion siudies have con-
firmed that the eastward dipping Tiva Canyon cap rock unil
underlies much of the reference conceptual site for repository
surface facilities. The style of faulting east of Exile Hill is
imbricate normal, as seen elsewhere at the Yucca Mounlain
site. The alluvial cover ranges in thickness from zero at Exile
Hil110 27 mata point S00 m to the east. /a situ primary wave
velocities average about | km/sec in alluvium and 1.4 km/
sec In tuff. The range and overlap in velocities virtually pre-
¢ludes using velocity to differentiate between the two types of

282 Nimick, F.B., etal., 1985, Uniaxialand tri-
axlal compression test serics on Topopah Spring
Tuff from USW G-4, Yucca Mountain, Ncvada:

" of Tunnel Bed tff that were

Sandia Nstlonal Laboratories report
SANDS4-1101, Albuquerque, NM, 108 p.

Fifty-seven uniaxial and triaxial compression experi-
ments were performed on cylindrical samples taken from the
Topopah Suina Member of the Paintbrush Tuff from
drifihole US -4 al Yucca Mountain.

283 Nimick, F.B., snd Schwartz, B.M., 1987,
Bulk, thermal, and mechanical properties of the
Topopah Spring Member of the Paintbrush Tuff,
Yucca Mountsin, Nevadsa: Sandia National Labo-
ratories report SAND$5-0762, Albuquerque, NM
Experimental data on matrix porosily, grain density,
thermal expansion, compressive sirength., Young's
modulus, Poisson’s ratio and axial strain at fallure for sam-
les from the Topopah Sprinf Member of the Paintdbrush
uff are compiled. Pfellupu ty and emissivity also are dis-
cussed.

284 Nimick, F.B., Van Buskirk, R.G., and
McFarland, A.F., 1987, Unlaxial and trisxial com-
pression feat series on the Topopah Spring Mem-
ber from USW G-2, Yucca Mountain, Nevadas: San-
dias National Laboratories report SANDSS- 0703,
Albuquerque, NM

Thinty-six uniaxial and triaxial compression experi-
ments were performed on cylindrical samples taken from the
T°"°G"1»i"""”' NMember of the Painibrush Tuff from core
hole USW (5-2 at Yucca Mountain in southern Nevada.

288 Nimick. F.B.. and Willlams, R.L.., 1984, A
three-dimensional geologic model of Yucce Moun-
taln, Southern Nevada: Sandia Nationsl Laborato-
ries report SANDRI-259), Albuquerque, NM, 68 p.

An initial version of a three dimensional model of
Yucca Mountain is presented. The initial implementation of
the mode!} is a collection of surface representations— one
surface for the base of each siratigraphic zone. The primary
method of surface definition is an analytical interprelation
technigue called Trend Modulation by Multikerne) summa-
tion. Comparison of predicted and actual elevations in
drillholes indicates that the method predicted the elevations
:‘:’lhou driliholes 10 within 71 f1. or less with 95 percent con-

ence. :

286 Norris, A.E., Wolfsberg, K.. snd Gifford,
S.K., 1988, Chlorine-36 measurements of the un-
saturated gone flux at Yuccs Mountain: Los
Alamos National Laboratory report L A-UR-
BS-2308, [.os Alamos, NM, 10 p. :

A new technique that measures the chlorine-36 content
of the tuff from the exploratory shaft at Yucca Mountain will
be used 10 calcuiate flux through the unsaturaied rone over
longer periods than possible with carbon-14, Measurements
of the chlotine-36 “bomb pulse” in soil samples from Yucca
Mountain have been used 1o confirm that infiltration in not
an important recharge mechanism.

287 Norris, A.E., ct al., 1982, Geochemistry
studics pertaining 10 the G-Tunnel radlonucilide
migration fleld experiment: L.os Alamos Natlional
report [.LA-9312-MS, [.os Alamos, NM, &3p.

This report presents the results of geochemical studies
rformed by Los Alamos Na-
tional Laboratory as a part of the Nevada Test Site G-Tun-
nel Radionuclide Migration Field Experiment. A tuff-
treated water was prepared and used in laboratory scale
measurements of radionuclide sorption onto crushed Tunnel
Bed wfl, pulverized fracture-fill material, tuff wafers, and a
solid 1uff core. Modeling studies were underiaken to deter-
mine the effects of matrix diffusion and unsaturated wif on
proposed fracture-flow experiments. Laboratory studies in-

. dicate that Tunnel Bed- S tufl would be of questionabdle suit-

ability for & fracture~flow nuclide-migration experiment ow-
Ing to poor reproducibilily of the data in comparison 10 sorp-
tion ratic mcasurements with other tiffs. NModeling efforts.
showed the difficulty of performing a fracture-flow experi-
ment because of matrix capillary action, which resulted in
adsorption of water in the fraciure.
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288 Norris, A.E., et al., 1986, Fran Ridge horl-
gontal coring summaeary report hole UE-25h no, 1,
Yucca Mountain area, Nye County, Nevada: Los
Alamos National l.abaratory report [LA-10859-MS§,
Los Alamos, NM, 80 p.

Hole UEB-15h#1 was core-drilled during December
1982 and January 1983 within several degrees of due west
and 400 ft. horizontally Into the southeasti slope of Fran ridge
atan altitude of 3409 ft. The drilling history and mineralogy
of the recovered core and fractures are discussed.

289 Obert, L., 1964, /n situ stresses in rock,
Rainler Mesa, Nevads Test Stte: U.S. Dureau of
Mines report WT-1869, 95p.

Stress measurements and mechanical properties were
taken in Tunnels G, B, B, P, N, and at the Madison and
Yuba event sites were taken 1o determine preshot conditions
in the rock surrounding the shot rooms and a1 the massive
concrete plugs.

290 O'Conner, J.T., 1963, Pctrographic char-

acteristics of some welded tuffs of the Plapi Can-
yon Formation, Nevada Test Site, Nevads: U.S.
g‘.et;lsoglcal Survey professional paper 475-RB, p.
2-58.

This report utilizes sections [rom the Jackass Flat area
for early work in differentiating between Tertiary vokanic
units. Two significant petrographic charactenstics of four
welded-1uff cooling units are the quariz-alkali feldspar-pla-

joclase feldspar ratios of the phenocrysis and the
f(;O-Na;O ratios of the alkali feldspar phenocryats. Some
welded 1uff previously thought 1o belong to 1he cooling unit of
the Tiva Canyon MMember is actually part of the Rainier
Mesa Member.

N O'Farrell, T.P., and Collina, K., 1783, 1982
blotic survey of Yucca Mounitain, Nevads Test
Site, Nye County, Nevada: EG&G report no EGG
10282-2004, 38 p.

The results of field and literature investigations into the
Yucca Mountain hiota are presenied. The vegetation asso-
ciations and vertehrate populations are described as is an im-
pact analysis of proposed characterization activities.

292 O*'Farrell, T.P., and Collins, E., 1984, 198)
blotic survey of Yucca Mountain, Nevada Test
Site, Nye County, Nevads: EG&G repart KGO
10282-2031, 38 p.

The resulls of conlinued ficld Investigations into the
Yucca Mountain biota are presenied. Vegetation analvsis,
small-mammal live-mpgin; studics, and desert-torione
surveys were conducted. The imrncl of proposed site char-
acterization activitics were also investigated.

293 O'Farrell, T.P., and Emecry, I.L.A., 1976,
Ecology of the Nevada Test Site: A narrative sum-
mary and annotated biblingraphy: Desert Re-
s-arch Institute report NVO-167, Doulder City,
Ny, 249 p.

A summary of the ecology of the Nevada Test Site is
presented. This summary was developed through existing
documents which are included in an annotated hibliography.
Included are a list of ERDA/NSF Desert Biome Rescatch
Memoranda, lists of Nevada Test Site flora and fauna, a list
of citations concerning the fate and effects of nuclear and
nonnuclear disturbances on the environment, and a compi-
lation of references which were used to develops the docu-
ment.

294 Ogard, A.E., and Kerrisk, J.F., 1984,
Groundwaterchemistryalong flow paths betweena
proposed repository site and the accessible envi-
ronment: l.os Alamos Natlonal L.abaratory report
LA-10188-MS, Los Alamns, NM, 48 p.
Groundwater from all of the wells in and around Yucca
Mountain have been sampicd and analyzed. The resulis are
reported In this document. The speciation and solubilily of
nuclear wasie clements in these groundwater have been cal-

culated using the EQ /6 computer code. Estimates have also
been made of the pH and Eh buffering capacity of the water/
rock system of Yucca Mouniain.

298 Ogard, A.E., ¢t al., 1984, Retardation of
radionuclides by rock units along the path to the
accessible environment: In McVay, G.L., {ed], Sei-
eatific Basis for Nuclear Waste Management, Elsevier
Science Publishing Company, Inc., p. 329-336.
The most important retardation process in the tuffs of
Yucca Mountain is sorption. Based on information from the
mineralogy pelrolory ata there is a total lon exchange ca-
gnclly of the Calico hills and Prow pass units to sord
$ x 103 metric tons of waste elements if the entirety of each
unit is exposed 10 the waste elements.

296 Otsson, W.A., 19821, Effects of elevated
temperature and pore pressure on the mechanical
behavior of Bullfrog Tufl: Sandia National L.abo-
ratories report SANDS1-1664, Albuquerque, NM,
14 p.

Samples of the Bullfrog Member of the Crater Flat Tull
from drillfwk USW-G1 on Yucca Mountain were tested in
triaxial compression The results suggest that the presence of
watet causes the strength 1o decrease.

297 Olsson. W.A., and Jones., A.K., 1980,
Rock mechanics properties of voicanic tuffs from
the Nevads Test Site: Sandia National Laborato-
ries report SANDBO-1453, Albuquerque, NM, 39 p.

Uniaxial and triaxial compression tests a1 constant
strain-rate were run on samples of volcanic tuff from hole
UE25A#1 at Yucca Mountain and G-Tunnel from Rainler
Me<a. The test results show that the degree of welding, re-
fccted in the porosity, is the dominant variable affectin
strength and modulus. The presence of water, decrease
strain- rate, and clevaied temperatures can cause reduced
strengith under some experimental conditions.

298 Orkild, I'.P, 1964, Paintbrush Tuff and
Timber Mountain Tuflff of Nye County, Nevada: In
Cohee, G.V., and West, W.S,, Changes in
stratigraphic nomenciature by the U.S. Geologicat
Survey, 1964: U.S. Geological Survey Dulletin
1224-A, F 32-36.

The ilJl Canyon Formation is redefined and raised to
the rank of Group. This group includes iwo new formations
_krm:;vn as the Paintbrush Tuff and the Timber Mountain

uff.

299 Orkild, P.P., Biyers, F. M., loover, D.V.,,
and Sargent, K. A., 1968, Subsurface geology of -
lent Canyon Caldera, Nevada Test Slie, Nevada: In
Eckel, E.B., 1968, Nevada Test Slte: Geologicat So
clety of America Memair 110, p77-86. .
Deep drilling in the vicinity of Silent Canyon on eastern

Pahute Mesa has revealed a Tertiary volcanic section locally
thicker than 14,000 ft. The arca drilled covers most of the
Silent Canvon Caldera and some of the surrounding area.
The caldera is rudely elliptical in plan and measures 10 by 14
miles. The structure, onginally inferred from surface ma
ing and a 20 mga! gravity low, has been confirmed by driﬁ.-
ng at 21 sites. Petrographic, chemical and magnetic studies
of more than 4000 ft. of drill core have rcvealed a complex
sequence of volcanic rocks.

300 Ortlz, T.S., et al., 1985, Three-dimension-
al model of reference thermal/mechanical and hy-
drological stratigraphy at Yyces Mountain, southe.
ern Ncvada: Sandia Natlonal l.aboratories report
SANDAI-1076, Albuquerque, NM, 80 p.

A three-dimensional model of the thermal/mechanics!
and hydrological reference stratigraphy at Yucca Mountain -
has been developed for use in performance assessment and

. repository design studies involving matcrial properties data.

The refcrence siratigraphy deflines units with distinet ther-
mal, physical. mechanical, and hydrologic properties.
Thickness of the repository unit and depth to groundwater
are also discussed.
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3o Oversdby, V.M,, 198), Performance testing
of waste forms in a (uff environmenit: Lawrence
Livermore National lL.aboratory report
UCRL-%0048, Livermore, CA, 24 p.

This g:;m describes experimental work conducted 1o
establish the chemical composition of water which will have
reacted with Topopah Spring Member tulf prior to contact
with waste packages. This water is then reacied with
borosilicate glass, JO4L stainless steel, and fuel segments in
order 10 determine the geochemical processes likely 1o occur
within the proposed repository.

303 Oversby, V.M., 1984, Reaction of the
Topopah Spring Tufl with J-1) well water a1 90°C
and 150°C: Lawrence Livermore National l.abora-
tory report UCR1.-83552, Livermore, CA, 69 p.
This repont describes a series of hydrotherma) experi-

ments using crushed tuff from the Toror;h.!riumg Member.

and natural groundwater from well purpose of
these experiments is to define the changes in walerchemistry
that would result from temperature changes caused by em-
"b_lacemem of high-level nuclear wasie in a repository in the

opopsh Spring Tuff. The main conchu.on (hat can he
drawn from this work ts that changes in the water chemistry
due to heating of the rock-water system can he expecied fo
be very minor.

303 Oversby, V.M., 1984, Reaction aof the
Topopah Spring Tuff with J-1) water at 120°C:
f.awrence Livermore National Lahboralory repart
UCRL-53574, Livermore, CA, 29 p.

This report describes a serses ol hvdrothermal expen-
ments using crushed tff {rom the Topopah Spring Member
and naturai groundwater from well J-13. The main conciu-
sion ts thal changes in the water chemisiry due 1o heating of
the rock~water system can be expected 1o be very minor.

304 Oversby, V.M., 1988, The reaction of
Topopah Spring Tuff with J-13 water at 150°C-
samples from drill cores USW (-3, USW GU-),
USW G-d and UF-285h#1: l.awrence Livermore Na-
tional Laboralory report UCRL1.-53629, Livermore,
CA, 26 p.

Samtles of Topopah Spring tuff [rom drillholes USW
G-1, USWGU-J, and (-4 and {rom the air-drilled horizon-
tal hole at Fran Ridge were reacted with well J-1) water at
150°C. The results were comparabie to those oblatned in
similar experiments.

Jos tiversby, V.M., and Knauss, K. G., 198},
Reaction of Rullfrog Tuff with J-1) well water at
90°C and 1%0°C: l.awrence l.lvermore National
l.aboratory report UCRL.-83442, Livermore, CA, 51

A series of experiments wers conducied 10 determine
the nature and extent of reaction beiween the Hullftog Mem-
herof the Crater Flat Tuff and natural groundwater from well
J=13. Results indicate the following: 1) Increasing the ratio
of rock to wailer increases the rate of approach 10 steady-
state concentrations in solution. 2) Surface outcrop samples
coniain a minor component of highly soluble maienal he-
fleved to be a residue from the evaporation of surface runolf
water in the pores of the rock. 3) Solunion analyses tor vnfil-
tered samples thal have reacted for short peninds of time
show higher concentrations of Al and Fe than liltered sam-
ples. The results from crushed rock *amples and wafersam-
ples favorably compare.

Joé Palaz, 1., 1988, Application of geophysical
logs 1o estimate molsturc-conient profiles in un-
saturated tufl, Yucca Mountain, Nevada: Proceed-
ings from Conference on Characterization and
Monitoring of the Vadose Zone, Denver, CO, 18 p,

This paper compares the resulls ot analvees of various
geophysical logs that were obiained from two large diameter,
air=drilled boreholes at Yucca Mountain with the intent of
determining the moisture content of the units. Results indi-

cate that borehole geophysical logs are reliable in determin-
Ing moisture~-content profiles.

307 Pankratz, L.\W., 1982, Reconnaissance
selamic refraction studies at Callco 1illls, Wah- -
monie, and Yucca Mountsin-Southwest Nevada
Test Slte, Nye County, Nevads: U.S. Geological
Survey open-file report 82-478, 27 p.
Reconnalssance refraction surveys consisting of a total
of five spreads were conducted in the Caliro Hills, Wah-
monie, and Yucca Mountain areas. Al Yucca Mountain,
reliminary interpretations suggest the occurrence of & ma-
t, steeply inclined veloclty interface 500 m away from the
southwest end of of the Yucca C spread. this interface may
represent & major fault or erosional feature separating the
Topopah Spring and Tiva Canyon members st depth. On the
basis of poor-quality dats obiained at Yucca Mouniain, the
subsurface velocity disiribution appears 1o be complex.

p 1] ] Peters. R.R., Gauthier, J.11., and Dudiey,
A.L.., 1988, Effect of percolation rate on water-
travel time In deep, partially saturated zones: San-
dia National Laboratorics report SANDSS-0854C,
Albuquerque, NM, 43 p.

A compnsite-porosity, conlinuum model was developed
10 model flow in a fractured, porous medium. Simulations
using Jdata from the Yucca Mountain site and this model in
the nne-jimenuoml code TOPSAC indicate that curreni es-
timates d{ the percolation rate result {n waler movement con-
fined 10 the matrix and that the water-travel time from the
repository 10 the water table is on ihe order of hundreds of
thousands of years. This result is sensitive to the percolation
rate; a ten-fold increase in the rate of percolation may inti-

" ale water movement in the fraciures, reducing the travel time

significantly.

309 Peters, R.R., Klaveiter, E.A., George,
J.T.. and Gauthier, J.11., 1986, Measuring and
modcling water imbibliion Into 1uff: Sandia Na-
tlanal L.aboratories report SANDS6-1757C, Aldbu-
querque, NM, 26 p.

To increase a basic understanding of hoth the hydro-
logic praperties of tuffs and the modeling of Mow In partially
saturated regimes, 1he following tasks were performed and
the results are reporied: (1) Water imbibition experiment
into a cylinder of tuff (from a Yucca Mountain drill core)
was measured by immersing one end of a dry sample in water
and noling its weight ay various times. (2) 8ompuler simula-
tion of the expeniment using the model TOPSAC with data
currently considered for use in site-scale modeling of a re-
pository in Yucca Mountain. The measurements and the re-
sults of the modeling are compared. :

J10 Peters, R.R., KRiavetter, F.A., Hall, 1.J.,
Rialr, S.C., tleller, G.W., and Gee, G.W,, 1984,
Fracture and matrix characieristics of tuffaceous
materials from Yucca Mountain, Nye County, Ne-
vada: Sandia National l.aboratories report gi\.\'l’)
R4-1471, Atbuquerque NM, 643 p.

Hydraulic tests were performed on tuffaceous samples
from 48 different Jocations on Yucca Mountain. A wide vari-
ety of water retention values existed beiween the dillerent
Yucca Mountain lithologics studied. Fraciure hydraulic con-
ductivitics were higher than maitric hydraulic conductivities
in al} cases.

hi ) Plppin, 1..C.." Clerico, R.l.., and Reno,
R.L., 1982, An archacological reconnaissance of
the NNWST Yucea Mountain Project Area, southe
ern Nye County, Nevada: Desert Rescarch Insti-
tute, Social Sciences Conter Pullication non. 28,
Reno, NV, 11§ p.

An archaeological reconnaissance of the 4,368 hectare
NNWSI Yucca Mountain Project Arca has disclosed 178 -
prehistoric and ¢+ < historic cultural resources sites,

32 Plppin, 1..C., and Zerga, D.L.., 198), Cul-
tural resources overvicw for the Nevada Nuclear
\Waste Storage Investigations, Nevada Test Site,
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NV Counlr. Nevada: U.S. Dept. of Energy report
NVO-286. 1.as Veges, NV, 122 p.

Ch.rn are devoted 0. natural setting: history of ar-
chaeological resenrch on the Nevada Test Site; cultural set-
ting: and Xnown historic and prehisioric cultural resources
wrf tha NNWSI project area.

n Plprm. L.C., and Zerga, D.L., 1983, An-
notsted bibllography af cultural resources litera-
ture for the Neveda N-ic*rar Waste Starage Investl-
ationst U.S. Dept. of Energy report NV()-247, Las
eges, NV
This snnotated Mhliography contains 193 references
compiled in support of the assessment of the cultural re-
sources in the NNWS! pmject ares.

N4 Ponce, D.A., Wu, S.S.C.. and Spleiman,
J.0., 1928, Comparison of survey and photogram-
metry methods to posttion gravily data, Yuccs
Mountain, Nevada: U.S. Geological Survey open-
Mie report 23-36, 11 p.

Locatioms of gravity siatlons at Yucca Mountain were
determined by a survey using an electronk distance-measur-
ing device and by a photogrammeirc meithod. The data from
both methods were compared 1o determine if honzontal and
vertical coordinates developed from photogrammetry are
sufficiently accurate o position gravity data at the site. Re-
sults show that the two methods have a mean difference of
0.57°0.70 m in clevation and 0.0]1 minute horizontally.

38 foole., F.G.. Houser., F.N., and Orkild,
P.P.. 1961, Eleana Formation of Nevada Test Site
and vicinhty, Nye County, Nevada: U.S. Geologicel
Survey prolessional paper 424-D, p. 104-111.

The Eleana Formation as mapped by Johnson and Hid-
hard (1957) s correlated to vartous similar clastic units of
Late vorian and early Milssssippian age lound in and
around the Nevada Test Site.

e Poole, ¥.G., and McKenwn, F.A,, 1962,
Oak Spring Group of the Nevada Test Site and vi-
cinity, Nevada: U.S. Geologica! Survey profes-
sional paper 450-C, p. 60-41.

The Oak Spring Furmation 1s given group status and is
subdivided into two new lormations, the ‘ndtan Trail and the
Piapt Canyon.

n? Poolc, F.G., and Rotler, J.C., 1959, Sum-
mary of physical data five vertical drillholes over
the L12b.04 (Evans) eapilosion chamber, Nevada
Teat Slte, Nye County, Nevada: U'.S. Geological
Survey report TEI-762, 30 p.

Five core holes were drilled above the UIZh.04 drifi
within Rainictr Mesa. The composition, texture, porosity,
permeability, density and water content of the wlfs inler-
secied by the dnllholes are presented. Acousiic velocitly
measurements taken within the dnitholes and drilling records
are also discussed.

s Price, R.I1., 1983, Analysis of rock me-
chanica properties of volcanic tuff unfis from
Yucca Mountain, Nevada Test Site: Sandia Na-
tlonal Laboratories report SANDS2-1318, Albu-
querque NM, 7 p.

Over 250 mechanical experiments have been run on
samples of tufl from Yucca Mountamn. Cores from the
Topopah Spring, Catko Hills, Bullftog and Tram Tuff umits
were deformed lo colleci data 10 make an instial evaluation of
elastic and strength propertics for potential repository hort-
2ons. In addition. mechanica: test results conducted on
Rainler Mesa tuffs are discussed as they overlap and sug-
ment Yucca Mountan data.

319 Price. R.1l., 1986, FIfects of sample size
on the mechanical behaviar of Topopah Spring

Tulff. Ssndia Natlonsl Laborstories
SANDAS-0709, Albuquerque, NM, 58 p.

Thirty-four mechanical experiments were performed on
intact cylindrical samples of the Topopah Sirln Tulf taken
from Busted Butte near Yucca Mountain. Resulls indicated
that ultimate strength and axial strain at failure were both in-
versely related 10 sample diameter, with simple power law
modeh {itting the data trends very well.

report

320 Price, R.11., and Rauer, S.J., 1988, Analy-
sis of the elastic and strength properiles of Yucca
Mountsin tuff, Nevada: Sandla Natlonal Labora-
tories report SANDB4-2145C, Albuquerque, NM, 9
p.

A large datadase from more than 100 experiments on
drillhole core samples of Yucca Mountain silicle tutl has
heen assembled. These dais have been analyzed and empiri-
cal expressions were found which relate elastic procemﬂ
and strength with porosity pius clay content. These relation-
ships are prescnted here, in addition 10 an lgrllnﬂon of
simple elastic composite theory to explain the observed vari-
ation of bulk modulus with functional porosity.

L} | Price, R.11.. Connelly, J.R., and Kell, K.,
1937, Petrologic and mechsnical properties of out-
crop samples of the welded, devitrified Topopah
Spring Member of the Palnibrush Tuff: Sandia Na-
tlonal Laboratories report SANDR6-1131, Albu-
querque, NM, 72 p,

AMore than 30 outcrop samples of the Topopah Spring
Member of the Painthrush Tulf have been analyzed (or their
petrologic or mechanical properties. In general, the compo-
sitions of these saamples are very similat (o each other and 1o
stratigraphically equivaient samples from drillholes within
Yucca Mountain. However, textural features, porosity,
Cli::litll). and strength of the samples exhiblied some vari-
ability.

32 I'rice, R.1l., and Jones., A.K, 1982,
Unliaxial and triaxial compression test series on
Calico Hills Tufl: Sandia National l.aboratories re-
port SANDS2-1314, Albugquerque, NM, 39 p.

Foriy-four uniaxial and inaxial compressive exper-
ments were performed on samples of the Tulfaceous Beds of
the Calico Hills, obtained from drillthole USW-(il at Yucca
Mountain Resullant unconfined compressive strengths, ax-
ial strains 10 failure, Young's moduii and Poisson’s ratios
ranged from 14.210 42 0 NPa, 003710 .0087,2.52109.72
GPa and .17 to .37, respectively,

323 Price, R.Il., Jones, A.K., and Nimick,
K.G.. 1982, Uniaxial compression test series on
Bulifrog Tuflf: Sandla National l.aboratories re-
port NANDR2-0481, Albuquerque, NM, J? p,
Nineteen uniaxial compressive experimenis were per-
formed on samples of the BullFrog Member ot the Crater
Flat Tuft, obtained from drillhole USW-G1 at Yuc.a Moun-
fain on the Nevada Test Site. Resultant unconi:ed com-
pressive strengths, axial strains 1o fallure, Young's moduli
and Poisson’s ratlos ranged from 4.6 10 153.0 MPa, .0028
1o .0058, 2.03 to 28.9 GiPa and .08 to .16, respectively.

324 I'rice, R.11.., and Nimick, K.G., 1982,
Uniaxial compression test series on Tram tuff:
Sandia Natlonal Laboratorics report SANDS2-
1058, Albuquerque, NM, 28 p. .
Twenty-five uniaxial compression experiments- were
tformed on samples of the Tram Member of the Crater
‘lat Tuff oblained from drillhole USW-(il at Yucca Moun-
fain. Resultant unconfined compressive strengths, axial
strains to failure, Younk's moduli, and Poitson’s ratios
ranged from 14.51069.2 NMPa, .0029 10.0052, 5.171022.8
GPa, and .09 to . )8 respectively. .

328 Price, R.11., Nimick, F.B., Connolly,
J.R., Kell, K., Schwariz, B.M., and Spence, S.J..
1988, I'reliminary characterization of the petro-
logic, bulk, and mechanical propertics of a
Iithophysal zone within the Topopah Spring Mem-
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ber of the Paintbrush Tuff: Sandia Nstivnal Labo-
ratories report SANDBI-0860, Albuquerque, NM,

104 p.
q’ou large samples of lithophysat tufl were studied as
pant of the nuclear waste repository project at Yucca Moun-
tain. Macroscople snd microscopi examinaiion led 1o divi-
ston of the tuff into three components: (1) very fine-grained,
relatively nonporous, feldspar- and cristobalite-rich matrix,
(2) coarser more porous, leldspar- and tridymite-rich va-
t-phase aliered material usually found encircling and. (3)
ithophysae, which are cavities often lined with triusymite and
occasionaily contain carbonate-rich fillings Resuits from
mechanical tests provided compressive sirengths which are
lower, and Young's module which are higher, than values
predicted from effective porosity.

32¢ Price, R.}H., Nimick, K.G., and Zirzow,
J.A., 1982, Cniaxial and triaxia) compression 1est
series on Topopah Spring Tulf. Sandia Najionsl
f.aborataries report SANDS2-1723, Alhuquerque,
NM, M p.

Fifteen uniaxial and triaxial compressien expenments
were performed on samples of the Topopah Spnn; Member
of the Paintbrush Tulf oblained from dnilthnle UUSW-(31 at
Yucca Mountain The water-saturated test specimens were
deformed at nominal sirain rates of 10°¢, 10°°, s~!, confin-
ing pressures of 0.1, S and 10 %1Pa_ and room temperature
Resultant unconfined compressive strengths. axial st-atns 10
failure. Young's moduli and Poissan’c ratios ranged from
44.910 176.6 MPa, 003410 0057, 22 910 40 & (iPa and
.18 10 .33, respectively.

327 Price. R.1l., Spence, S.J.. and Jones,
A.K.. 1984, Unlaxial compression test series on
Topopah Spring Tuff from USW GU-3, Yuccs
Mountaln, southern Nevada: Sandia Natlonal
l.aborstories report SANDA3-1636, Albuqucrque.
NM, 61 p.

Thirty-five uniaxial compression experiments were per-
formed on cylindrical samples of the Topopah Spring Mem-

ber of the Paintbrush Tuff obtained {rom dnilhole USW .

GU-J at Yucca Mountain

328 Prickett, T.A., 1980, Specifications for the
development of a fully three-dimensional numetri-
cal groundwaler modcl for regional mass transport
of radlonuclides from a deep wAasic repository:
Camp Dreascr and Mckee, Inc.. Champaigne, 1.,
436 p.

Specifications are given which are nccessary v Jevelop
a three-dimensional pumerical model capabie of imulating
regional mass transport of radwonuchdes from a deep waste

repository.

329 Pruess, K., Tsang., Y.W., and Wang,
J.S.Y., 1984, Numerical studies of fluld and heat
flow near high-level nucicar waste pachkages
emplaced In partially saturated fractured tuff:
l.awrence lerkeley laboratory repors 1131 -10882,
Berkeley, CA, 46 p.

The computer cvde TOUGH was used 10 model the si-
multaneous transport of heat, liquid watet, vapor, and airin
partially saturated. fractured porous rock. Formation pa-
rameiers were chosen as representative of the polental re-
g‘os‘l‘lory horizon in the Topopah Spring unit of the Paintbrush

uff.

330 Purson, J.D.. 19783, Fealuation of
geochemical properties usced in arca-to-jocation
screening of a nuclear waste rcposliory at the Ne-
vada Test Site: [.os Alamos Natinnal Laboratory
report LA-9510-MS8, Lns Alamos, NM, 37 p,

This report descrides three geochemical factors or at-
tributes and their application to an area-tn-location \rreen-
ing of the southwestern quadrant of the Nevada Test Site ami
contiguous arcas. Twelve potential host rocks situated in 20
focations are examined. The four units that appear most fa-
vorable by geochemical measures are the tuffaceous beds of

Calico Hills, granite intrusives, the demely&elded Topopah
Spring Tuff, and the Crater Flat Tuff al Yucca Mountain.

N Quade, J., and Tingley, J.V., 1983, A min-
eral Inventiory of the Nevads Test Slte, and por-
tions of the Nellis Bombing and Guanery Range,
southern Nye County, Nevadai Nevada Bureau of
Mines report DOEI/NV/10295-1, Reno, NV, 104 p.
. A comprehensive economic mineral inventory is pre-
sented for the Nevada Test Siie and surrounding areas.

332 Ramirez, A.L, and Datly, W.D., 1984, Pre-
timinacy evaluation of alterant geophysical tomog-
raphy In welded tuff: l.awrence l.ivermore Na-
tiona) l.aboratory report UCID-20289, Berkeley,
CAQ 3 P

In situ electromagnetic measurements have been per-
formed at 300 AMHz2 to evaluate the applicability of alterant
geophysical tomography 10 delineate (low paths in a welded
tuff rock mass. The measurements were made helore, during
and after a water-hased tracer Mowed through the rock
mass. Alterant geophysical tomographs are compared with
independent evidence— borescope logs, neulron jogs and
dyed-rock samples. Anomalies imaged in the tomograph
match {ractures mapped with the horescope, and the loca-
tion of tracer-stained fractures cotncides with the location of
some tmage anomalies; other geophysical anomalies exist
where tracer-stained fractures were not ohserved. The field
studics were conducied at Ul2g tunnel at Rainier Mesa inan
environment similat 10 that of the proposed repository hori-
ron at Yucca Mountain.

33 Ramirez, A.l.., and Dally, \W.D., 1987,
Evaluation of altcrant geophysical tnmography In
welded tuff: Journal of Geophysical Resecarch. vol.
92, no. IR, p 7843-7A83,

Alicrant geophysical tomography was operated and
evaluated in a welded il in order to test its applicability.
The ficld test was conducted in G-Tunnel in Rainier Mesa
and was supplementced with a test bed experiment and com-
puter simulation.

AR Reda, D.C.. 1985, liquid permeability
measuremenits on densely welded (uff over the
temperature range 25° 10 90°C: Sandlia Natlonal
l.aboratorics report SANDSS-2482, Albuquerque,
NM

Liquid permeability experiments were conducied on a
sample of the Topopah Spring Member of the Paintbrush
Tull. The sample was derived {from an outcrop of the forma-
tion on Busied Butte. Results indicate iguid permeatility us-
ing distilled and de-acrated waler, 10 he approximately
3 x 10°1"mi ndependent of temperature.

33s Reda, D.C., 1986, Influence of tranverse
microflractures on the Imbibition of water Into In-
Hially dry tuffaccous rock: Sandia National l.abo-
rataries report SANDRE-0420C, Albuquerque, NM,
40 p,

The isnthermal imbibition of liquid water into initially
dry, welded, tuffaceous rock was studied. Resulls indicate
that transverse microfractutes were a significant impedence
10 liquid Iuns‘!\ow Companson ol satuiation vs time meas-
ured up and Jown gradient of the microfractures indicated
the poiential occurrence of vapor-driven transpori of water
vapor from the fracture apertures into the matrix pore vol-
ume down gradient. 11 is postulated 1hat adsorption of this
vapot onto pore surlaces resulted in the formation of a thin
liquid film, which was eventually overrun by the {racture-de-
layced wething front. Combined tesults of this and previous ine
vestigations suggest that the d-'ailed hydrologic characten-
‘rla“t'i:m 'ol tuffaceous rocks on a suhmeter scale will he most

cult. -

AL N Reheils, M.C., 1986, Preliminary study of
Ouaiecenary faulting on the eadt side of Bare Moun-
tain, Nse County, Nevada: U .S, Geological Survey
open-file report 86-574, 14 p.

Active faulls hbound the east side of Bare Mountain, 18
km west of the proposed repository at Yucca Mountain, Geo-
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morphic features, stratigraphy. and soil developmen indi-
cats that two J-km-long segments of the range front fault
probadly moved in Holocene or late Pleistocene time.

M Rice, W.A., 1984, Preliminary (wo-

dimensional regional hydrology model of the Ne-

vada Test Site and v|clnlt¥: Sandla Nstlonal L.abo-

ratories report SANDS3-7466, Albuquerque, NM,
1

P.
Pacific National Laboratory documenied the daia re-
frements, boundary conditions, and calibration of a two-
imensional. finite difference, hydrologic model of the Ne-
vada Test Site and vicinity.

3 Robinson, D.P., and Beetem, W. A, 197§,
Quality of water In aquifers of the Amargosa De-
sert and vicinity, Nevada: U.S. Geologlcal Survey
report USGS-474-215, 64 p.

The USGS has interpreted the rate and direction of
groundwaler movement away from the Nevada Test Site by
using hydrologic data Including the results of hydraulic tests
and geoph ical surveys in deep wells. This repori s a com-
pilation of the analytical data resulting from an intensive
sampling program.

33 Robinson, G.D., Structure of pre-Ceno-
z0lc rocks in the vicinity of Yucca Mountaln, Nye
County, Nevada— A potential nuclear-waste dis-
posatsite: U.S. Geological Survey Nulletin 1647, 22
P This report is a preliminary interpretation of the gross
distribution and present structure of the largely buried pre
vokanic rocks in the study arca of about 2,200 km? sur-
rounding the siie.

340 Robison, J.H., 1984, Groundwater level
data and preliminsry potentiometric surface
maps, Yucca Mountain and vicinity, Nye County,
Nevada: U.S. Geological Survey Water Resources
Investigation 84-4197, 11 p.

This report contains data on groundwater levels and
reliminary maps of the potentiometnc sutface beneath
ueea Mountainand adjacent arcas. The waler level surface

shown generally represents unconfined conditicns

341 Rogers, A. M., llarmaen, S.C., and Carr,

W.J., 1981, Southern Great Basin scismological

dsta report for 1980 and preliminary deta analvels:

li.Js.S. Geological Survey open-file report B1-1086,
1p.

Earthquake data for the calendar year 1980 are reporied
for earthquakes occurring within and adjacent 1o the south-
ern Greal Basin ’eismofnph neiwork. Locations, magm-
tudes and selected focal mechanisms for these and priot
events are compiled and presented in relation 10 the geology
of the region. The rrincipal results are that (1) earthquakes
concentraie in fault 2ones having a northeast orientation,
(2) favlt zones having a northwest orientaion are quiescent
ot nearly so, and (3) no earthquakes have heen detecied
closer than 12 km 10 the proposed Yucca Mountain reposi-
fory site.

342 Rogers, A. M., Harmsen S.C., Carr, \WV.),,
and Spence, W., 1983, Southern Great liasin scis-
mological data report for 1981 and preliminary
dats analysts: U.S. Geological Survey open-{ile re-
port 83-669, 240 p.

Earthquake data for the calendar year 1981 are reporied
for earthquakes occurring within and adjacent to the south-
ern Great Basin scismograph network. Locations. magm-
fudes and selected focal mechanisms for these and prior
events are compiled and presented in relation 1o the geology
of the region. The data is collecied 10 ad in the evaluation of

the seismic hazard 10 Yucca Mountain and the proposed te-
pository site. Yucca Mountain lies within a large area of -

relatively low level seismicity. One M 1.7 earthquake has
been located in the Yucca Mounitain dlock in about one year
of intense monitoring. Al present, somewhat conflicting
geologic, seismologic, and stress evidence hinders accurate

conclusions about the seismic hazard at the proposed reposi~
fory site.

343 Rogers, A.M., Perkins, D.M., and
McKeown, F.A., 1976, A catalog of selsmicity
within 400 km of the Nevada Test Site: U.S. Geo-
logical Survey open-file report 76-832, 44 p.

- This catalog contains two tables. Table | contains all
the hisiorjcal earthquakes since 1959 within 400 km of the
Retrievable Surface Slonﬁ Facility (RSSF) prime site on
the Nevada Test Site with Modiised Mercalli intensity 4.0 8
greater through 1974. Table 2 contains all known earh-
quakes of magnitude 3.0 or greater within 70 km of the RSSF
prime site.

344 Rosenbaum, J.G., Rivers, W.C., 1984,
Paleomagnetic orientation of core from drillhole
USW GU-) Yucca Mountain, Nevada: Tivs Canyon
Member of the Paintbrush Tuff: U.S. Geological
Survey open-file report B5-48, 116 p.

This report presents the results of 1he application of the
paleomagnetic technique to the orientation of 83 core seg-
ments from drilihole USW (GU-3. All the core is from the
reversely magnetized Tiva Canyon Member of the Paint-
brush Tuff. Orientations for the core segments were deter-
mined by comparing the remnant dircctions from the core
segments 10 a paleomagnetic reicrence direction.

348  /Rasenbaum, J.G.. Snyder, D.B., 1984,
Preliminary interpreiation of palecomagnetic and
magnetic properiy daia from drillholes USW G-1,
G-2, GU-3, G-3, and VII-1 and surface localities Ir
the vicinity of Yucca Mountain, Nye County, Ne-
vade: U.S. Geological Survey open-flle report
88-49, 73 p.

The purpose of this report is to document magnetic
property data for samples collected from these dnilholes as
well as from surface sampling localities on and around
Yucca Mounitain. The directional data obtained establishes
Fnkomagnem polarities for the various members of the

aintbrush and Crater Flat Tuffs, and for the Tuffaceous
Beds of Calico Hills.

46 Ross, 1., 1984, Aconceptual model of deep
unsaturated zonez with negligible recharge: Water
Resources Rescarch vol, 20, no. 11, p. 1627-1629.

When net recharge is less than aboul 0.03 mm/yr,
moisiure movement in deep unsaturated zones atsieadystate
will he dominated by upward movement of vapor driven by
the geothermal gradient. With zero-net recharge, there will
he a downward flow of liguid water equal 10 the upward vapor
flux. This will produce a profile of suction potential versus
depth qualitatively similar to that expecied if recharge 13 not
negligible. Consequently, the exisience of a region of uni-
form potential is not in itsell evidence of recharge.

h2 Y Ross, C.S., and Smith, R.L., 1961, ash-
flows tufls. their origin, genlogic relations and
identification: U.S. Geological Survey professional
paper Y88, 17 p.

This report deals with the hisiory of the conceptual ori-
gins for ash-Nows wifs, gives detailed descniptions of their
geologic characieristics, mode of occurrence, criteria for
lh:‘i‘; re‘togninon; and considers their distribution and con-
solidation.

348 Rundberg, R.S., 1987, Assesament report
on the kinetics of radlonuclide adsorption on
Yucca Mountain tuff: [.os Alamos National L.abo-
ratory report LLA=-11026-MS, f.os Alamos, NM, 93

P.

"~ The kinetics of sorption was measured by observing the
uplake of radionuclides by tuff wafers and crushed tuff as a
function of time. In addition, the broadening of break-
through curves for cations eluted through crushed-1lf ¢ol-
umns was interpreted in terms of adsorption Xinetics. The re-
sults of these mesutcments are consistent with a dilfusion-
limited adsorption mechanism for simple cations, such as
strontium, cesium, and barjum. The adsorption kinetics for
*hese simple cations s sufficienily fast so that equilibrium
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¢an be assurr.ed for the retardation of these chemical species
in the groundwater velocities that would be reasonable for
most release scenarios. The actinides, in particular pluto-
alum, exhibited a slow time dependence for adsorption. The
lack of reproducibility in sorption measuremenis makes the
Interpretation of those resulis lenuvous. The further study of
ectinide sorption kinetics is therelore, recommended.

340 Rush, F.E., 197), Reglonal groundwater
systems in the Nevada Test Site area, Nye, Lin-
colin, and Clark Counties, Nevada: U.S. Geologica!
Survey Water Reconnaissance Series, report 54, 2

P A mass balance spproach s utilired to estimaie total
groundwaler flowing through the Pahute Meaa, Ash Mead-
ows and Sarcodatus Flat groundwater hasina. The total
groundwatet in storage and perennial yieldt are also estl-
mated.

Iso Rush, F.E., Thordarson, W., and Nruck-
heimer, L... 198}, Geohydrologic and drillhale data
for teat well USW 1i-1, adjacent to Nevada Test
Site, Nye County, Nevada: U.S. Genlogicsl Survey
open-{ile report 83-141, 43 p.

This report presents data collecied 10 determine the hy-
draulic characieristics of rocks penctrated in iest well LUSW
H-1. Data on drilling operations, lithology, horehole geo-
physics, hydrologic monorning, core analvis, groundwater
chemisiry and pumping and injection tests for well USW H -1
are presenied

I8 Rush, F.E., Thordarson, W., and Bruck-
heimeer, L.., 1984, Geohvdralogy of test well USW
), Yucca Mountain, Nye County, Nevada: U.S,
Geologlical Survey open-file report \Water Re-
sources Investigations 84-4032, 62 p.

This report contains the results of hydraulic testing, hy-
%rologﬁ montonng. and geophvsical jogring of test well

SW H-1.

is2 Rush, F.E., Thordarson, W., and Pyles,
D.G., 1934, Geohydrology of test well USW (-1,
Yucca Mountain, Nye County, Nevada: U.S. Geo-
togical Survey \Water-Resources Investigations re-
port R4-4032, 88 p.

The drilling procedures, geohydrologic setting, lithot-
ogy. geophysical logs, radioactive tracer survevs, core
analyses, static-waler levels, aquifer test, and groundwaier
chemistry for well USW H-1 at Yucca Mountain are pre-
sented. Seeps were noted with a down- hole Iclevideo logger
in the unsaturated zone. It was not known tf this was deler-
gent or groundwatet from s perched rone.

3s3 Russell, C.F., 1987, Ilydrogentogic Investi-

gations of flow in fractured (uffs in Rainier Mesa,

Nevada Test Slte: Unijversity of Ncvada, las
" Vegas, Masters Thesis, 156 p.

A hydrogeologic study was conducied within the mesa
with emphasss on several parameters: §) the source of frac-
ture water within the tunnel beds, 2} peniod of principat re-
charge. J) hydraulic residence nme. d1hydravhc response
lag ume, $) 1otal amount of recharge per year inhitrating into
the Ul2n tunnel catichment basin, &) exient ol mixing be-
tween fraclure sysiems and. 7) the effects of nuclear testing
on localized groundwater chemustry and discharge. The suc-
cess in determining the various paramcices was mixed

384 Russo, A.J., and Reda, I).C,, 1988, Drying
of an Inftlally ssturated fractured volcanic tuff:
Sandia National lLaboratwories report
SANDS?-0293C, Albuquerque, NM, 6 p.

The isothermal drying of a Topopah Spring tampie was
studled. The specimen contained several microfractures
transversely orientated lo the direction of watet ot vapor mi-

ation. These fractures were found to be regions of rapid
3’ ut and during imbibition studies, the microfractures in-
hibited liquid transport.

© Test Slte: U,

Jss Sargent, K.A., Noble, D.C., and Ekren,
E.N., 1964, llelied Range Tulf of Nye and L.Incoln
Counties, Nevada: In Cohee, G.V., and West,
W.S., Changes In siratigraphic nomenclature by
the U.S. Ceoalogical Survey, 1964: U.S. Geological
Survey Bulletin 1224-A, p. 32-36.

The Indlan Trail Formation ts restricted to 1he castern
half of the Nevada Test Site anu the Tub Spring and Grouse
Canvon Members are placed in a new formation named the
Belhed Range Tufl.

386 Sargent, K.A.. and Orkitd, P.P., 1973,
Geolngic map of the Wheelbarrow Peak-Rainier
Mesa area, Nye County, Nevada: U.S. Geological
Survey Miscellancous Geologic Investigations
Map 1-784. .

This map contains a geologic map of Rainier Mess and
the area o the north and northeast.

87 Sass, J.H., and Laachenbruch, A.}l., 1982,
fPreliminary interpretfation of thermal data from
the Nevada Test Site: U.S. Geological Survey
open-file report USGS- OFR-82-973, 30 p.

Analysis of data from 60 wells in and around the Ne-
vada Test Site. including 1£ in the Yucca Mountain area, in-
dicates a thermal regime characierized by large, vertical and
laleral gradients in heat flow. Estimates tn heat flow indicate
considerable vanation on both regtonal and localscales The
vanations are attributable pnimanly to hydrolog processes
tnvolving inter-hasin flow with a vestkal component of ve-
locity of a few mm/ys.

b1} Sans, J.Il., lachenbruch, A.l1l., and
Mase, C.AV., 1980, Analysls of therma!l data from
drillholes U'E2%5a#) and UE25a#1, Calico 1iills and
Yucca Mountain, Nevada Test Site: U.S. Geologi-
cat Survey open-file report 80-R26, 28 p.

Thermaldata from Iwo sites aboul 20 km apart indicate
that heat flow both within and below the upper 800 m 13 al-
fecied signiticantly by hydrothermal convection. The ther-
mal data indicates a net upward flow beneath Calico Hills
and a net downward flow beneath Yucca Mountain.

3se Schoff, S.L.., and Moore, J).E., 1964,
Chemistry and Movement of groundwater, Nevada
Test Slte: U.S. Geolopical Survey Trace Element
Investigations TEI-838, 73p.

Three chemical tvpes of water are distinguished at the
Nevada Test Site and vicinity: 1) Na-k water is related to
tuff and to alluvium containing detrital tuff, 2) Ca-Mg water
s rclated 1o himesione and dolomite, of 1o alluvium contain-
ing deirttus of these rock types and, 3) a mixed chemical type
derived from mixed rock types. Distribution of these water
types and the progressive changes in the dissolved solids sug-
gest that the groundwater in the Nevada Test Site moves to-
wand the Amargosa Desen.

Je0 Schoff, S.1.., and Moore, J.E., 1968, So-
dium an s clue 10 direction of groundwater move-
ment, Nevada Test Slte: U.S, Geological Survey
profcasional paper 600-D, p. D30-1133,

Sodium dissnlved in waier generally stays in solution. It
is the predominani cation in groundwater in volcanic aqui-
fers in the Nevada Test Sile, but is nearl lncnn; tn alluvial
and carbonate~rock aquifers in southern Indian Springs Val-
ley south of the Nevada Test Site. The low content of sodium
in the water of Indian Spring valley shows that the water has
not migrated into the valiey from the Nevada Test Site.

36t Schotr, S.1.., and Wilmarth, V.R., 1961,

Review of h‘dmlngy of Areas 3 and 12, Nevada
S. Geologlcal Survey Technical Letter

NTS-2, 10 p. )

- The geological surveys studies of subsurface water con-
ditions In arcas ) and 12 were documcnted. Two new
driliholes were drilled within Area 12, these were test wells
one and iwo. The elevation of the regional water table was
delined within these wells.
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J62 Schoff, S.1.., and Winograd, 1.J., 196},
JMydrologic significance of six care holes in carbon-
ate rocks of the Nevada Test Site: U.S. Geological
Survey report TE1-737, 97 p.

Six core holes drilled in the northern part of Yucca Val-
ey penetrate paleczoic carhonates o depths of hundreds of

feet. None of these drillholes reached the regional water ta- -

ble, however, 1wo entered a perched 20ne of saturation in
marbdle. Several lines of evidence suggest that the carhonare
rocks, if saturated. would yleld water 10 8 prhlely con-
structed wells penetrating them. Yields of 6 gpm moy Le ex-

pecied

36 Schoff, S.1... and Winograd, 1.J., 1962,
Potential aquilers in carbonate rocks, Nevada Test
Site, Nevada: U.S. Geological Survey professional
paper 450-C, p. C111-C11).

Two drillholes, Ul2e.M-1 drilled within the Ul2e tun-
nel complex of Rainier Mesa and ME-J in northern Yucca
Flat were drilled 10 1he regional aquiler in order lo test its pes-
meadility. Uli2e.M-1 was (inished in the unsaturated zone
and was injection-tesied whereas ME-3 intersected the
water table.

364 Science Applications International Corpo-
ration, 1988, Tecionic stabllity and ground motion
at Yucca Mountain: report of a workshop at SAIC,
August 7-8, 1984 and January 25-26, 1915, [.a Jolla,
CA, SAIC report 8371847,

The histone seismic record at Yucca Mountain is 100
orie! and incompleie 1o provide an accurate assessment ol
the frequency/magnitude relationship of the quahty required
to extrapolate future seismicity. /a siru stress measuremenis
indicate that [ailure is possible alonr favorably onentated
faults in the Yucca Mountain region. However, no quantita-
tive statements ahout earthquake probability and magnitude
associated with failure can be determined [rom (n situ data
alone. The determination of the largest earthquake in the re-

lon is highly unceriain because of unknown fauli character-
istics at depth and because of tenuous links between lault di-
mensions and EQ cap. . v.

368 Scott, R.D., snd DBonk, J., 1984, Preltmi-
nary geologic map of Yuccs Mountain, Nye
County, Nevada, with geologic scctions: U.S. Geo-
togical Survey open-file report 84-494,

A geologic map and cross section of Yucca Mountain
and vicinity are presented.

3&é Scott, R.B., Castellanos, M., 1984,
Stratigraphic and structural relations of volcanic
rocks in drillholes USW GU-Jand USW G-J, Yuceca
Mountain, Nye County, Nevada: U.S. Geological
Survey open-file report 84-491, 121 p.

Stratigraphic and structural studies (rom these holes in
southern Yucca Mountain have been carrelated with similar
results in central and northern Yucca Mountain and with re-
sults of curface mapping 1o produce a conceplual model of
the geology ol the rock volume heing considered as the poten-
tial repository. Lithologic description of the rock anis and
location and orientation of faults and {ractures are aiso dis-
cussed.

36?7 Scott, R.B., ct al., 1983, Geologic charace
terof tuffs in the unsaturstied zone at Yucca Moun-
tsin, southern Nevada: In NMercer, J.W., Rao,
P.S.. and Wendell, 1., [eds. |, Role Of The Unsaturated
2Zone in Radiosctive and lHHazardous Waste Disposal, Ann
Arbor Sclence, Denver, CO, p. 289-139,

The geologic setting and a conceptual hydrogeoiogic
flow model is presented for the unsaturaled zone of Yucca
Mountain. Within this model recharge is assumed lo occur
and vertical flow dominates. Perched groundwater tables

may exist above relalively nontransmissive zeolitized non-

welded tuffs. Lateral flow may occur within these saturated
20nes. .

h 11 ] Scott, R.D., ct al., 1984, Geologlcal and
acophysical evidence of siructures In norihwest-

trending washes, Yucca Mountain, southern Ne-
vada, and thelir possidle significance (o a nuclear
wasie repository in the unsaturated gsone: U.S.
Geologicsl Survey open-file report 84-567, 23 p.

Geologxal and geophysical evidence suggests that five
prominent hinear norihwest-irending washes in the north-
eastern part of Yuces Mountain are undesiain by zones of
right-lateral strike-slip faulis. The strikes, sense of motion,
geographic position. and age of these Yucca Mountain
strike-slip faulis are similar 10 those of the regional Walker
Lane-Las Vegas Valley sheat zones. These sinke-slip zones
may affect the proposed repository site at Yucca Mountain in
the following ways: 1) the sublmg of mined openings may be
allected where brecclated or highly fractured 20nes are en-
couniered; 2) the (ractured zones may allow recharge to
drain rapidly from the repository. 3) at greater depths, the
fracture zones may provide hydrologic conduits past the
sorptive zeolite units within Yucca Mountain.

369 Senterlit, R. M., Hoover, D.B., Chornack,
M., 1982, Resistivity sounding by the Schiumber-
ger method In the Yucea Mountain and Jackass
Flats arca. Nevada Test Site, Nevada: U.S. Geo-
logica! Survey npen-flie repart 82-1043, 41 p.

A Schlumberger resistivity survey was made in the west-
central secior of the Nevada Test Site 10 determine the
geocleciric characieristics of the area and 1o relaie them to
the thicknesses and horizontal continuity of the lithologic
unity in the Yucca Mountain and Jackass Flats arcas, and 10
locate {dulting within the survey area. A 10tal of 29 sound-
ings are included.

370 Shepard, A.0., 1961, A heulandite-like
mineral associated with clinoptilolite in tuffs of
Oak Spring Formation, Nevada Test Site, Nevada:
U.S. Geological Survey professiona! paper 424-C,
p. €I20-CI2).

A heulandlite-like mineral, found in the Oak Spring
Formation is discussed. The heulandite-like minersl can be
distinguished from heulandite by its siower phase ¢change
during heating and the higher temperatures required for
phase change and destruction. It is also detectable by x-ray
dilfraction methods after the phase change and prior 1o min-
eral destruction

m Sinnock, S., 1982, Geology of the Nevada
‘Test Slte and nearby arcas, southern Nevada: San-
dla National Laboratories report SANDS2- 2207,
Albuquerque. NM, 55 p.

This report addresses the geologic setiing of the Nevada
Test Site in the contcxi of current waste isolahon policy. The

~intent is 1> provide a synthesis of geological conditions at the

Nevada Tcet Site and nearby arcas so that a general back-
ground of information is available for assessing the possible
tole of geology in providing protection lor humans from bur-
ied radioactive waste.

32 Sinnock, S., Easterling, R.G., 1983, Em-
piricatlly determined uncertainty In potassiume-ar-
gon ages for Plio-Plelstocene basalts from Crater
Flat, Nye County, Nevada: Sandia National L.abo-
r;mrles report SANDS2-2441, Albuquerque, NM,
1§ p.

This report investigates the accuracy of K-Ar age deter-
minations for late Cenozoic basalts in Crater Flat. The use of
statistics was employed 1o determine the uncertainty and es-
ror involved in the age determinations of these young basalts.

N Sinnock, S. snd Lin, Y.T., 1987, Prelimi-
nary bounds on the expected posiciosure performe
snce of the Yucca Mountain reposiiory site, southe.
ern Nevada: Journat of Geophysical Research, vol.
92, no. B, p 7820-7842.

Based on the current data and understanding of site
characteristics at Yucca Mouniain, the likely performance
range of a mined repository for spent nuclear fuel can be cal-
culated The calculated travel times and mass transport of
radivnuchides are cumpared to EPA and NRC regulations.

374 Sinnock, 8., Lin, Y.T., and Tlerney, M.S.,
1986, Preliminary estimates of groundwater trave!

- 43 -




“time and radionuclide trsnsport at the Yucca
Mountsin repository site: Sandla Netionat Labora-
tories report SANDSS-2701, Albuquerque, NM, 156

This report presents the assumptions, methods, and
dats used in a prodabilistic approach 10 the cakulation of
groundwater travel times and total radionuctide releases to
the water tadle below Yucca Mountain. Resulis from ihe
analyses consist of distributions of groundwaier travel time
from the disturbed zone 1o the water lable and the cumulative
curie releases 10 the water table.

b 24 ] Smith, C., and Ross, I1.P., 1952, Interpre-
tation of resistivity and Induced polarizstion pro-
flles with severe topagraphic effects, Yucca Moun-
tain area, Nevads Test Site, Nevada: U.S. Geologi-
cal Survey open-flle report £2-182.

A detailed numerical model and geological interpreta-

tion has been compieted for 9.5 line miles of dipole-dipole -

resistivity and |P data at Yucca Mountain. Results indikate a
majot fracture zone which trends N 43°W._ along the eastern
flenk of Yucca Mountain, A large area of uniformly high
resistivity and few inferred faults occurs west of the inferred
fracture zone, beneath the crest and eastern flank of the
mountain. The data suggests that this is the most favorable
location {or & possible repository site within 1he study area.

376 Smith, D.M., Updegraff, C.D., asnd
Bonano, E.J., 1985, Preliminary assessment of
radionuclide vapor transport Iin unsaturated tuff:
Sandia National laboratories report SANDSS-
0829C, Albuquerque, MM, 14 p.
The possidility of radionuclide migration in the vapor
se for unsaturated tuff has been investigated. Rad-
nuclide movement could be the result of either acrosol mi-
gration ot convection/diffusion of vciatile species. A diffu-
sion model for supersaturation of air In tulf ’roundnur in-
dicates that there is no possibillty of aerosol formation under
repository conditions. As a first order approximation, the
maximum ratio of transport in the vapor phase 10 that in the
liquid phase ks given by 1000 Kw where Kw is the vapor-liq-
uid coelficient for the particular radionuclide.

m Smith, D.M., Updegrafll, C.D., BDonano,
E.J.. and Randall, J.D.. 1986, Assesasment of rad-
fonuctide v: por-phase (ransport in unsaturated
tuff: Sandia National Laboratories report NUREG/
CR-4693, Albuquerque, NM, 56 p.
This report describes honndmLu kcutations performed
to investigate the possibility of radionuclide migration in a
vapor phase associated with the emplacement ol high-level
waste canisters in unsaturated-tuif formations. Two poten-
tia) transport mechanisms were investigated: aerosol migra-
tion and convection/diffusion of volatile species. Results in-
dicate that the formation of aerosols in the repository envi-
ronment is not possidble and vapor iransport for iodine may
lay an important role in the overall release scenano depend-
ng on the panicular reposilory conditions.

378 Smith, R.1., 1960, Zones and zonal varle
ations in welded ash-flows: U.S. Geolaogical Survey
professional paper 354-F,

The various zones of welding and crystallization that
occur within welded ash-flows tufls are discussed. The ef-
fects of the underground topography and multiple cooling
units on field interpretations are also presenied.

379 Smith, G.V., et al., 1981, Preliminary sur-
vey of tuff distribution In FEsmeralds, Nye, and
Lincoin Countles, Nevada: Sandia National Labo-
ratories report SAND79-1539, Albuquerque, NM,

118 p. .

g’hls report inventories the surface distribution of silicic
tuffs in Nye, Fsmeralda, and Lincoln Counsiee, Nevada,
based on a review of available literature. Tuff distribution is
discussed on a regional basis. Tull ihicknesses and altera-
tions, structurai complexity, and proximity 1o recent fault-

ing, recent vokanism, and mineral resources are discussed
fos each area.

380 Smyth, J.R., 1982, Zeolite stability con-
straints on radloactive waste isolation in seolite~
bearing volcanic rocks: Journal of Geology, vol.
90., p. 195-201, ’
olites are unstable at elevated temperatures and 8t
low water vapor pressures, and they may break down by re-
versible dehydration ot irreversidle mineralogical reactions.
Al of the breakdown reaclions occurring with increased lem-
ralures involve a net volume reduction and evolution of
ids. Thus, they may provide & pathway (shrinkage frac-
tures) and a driving force (fluid pressure) for release of rad-
fonuclides 1o the biosphers. These reactions may be avoided
by keeping zeolite-bearing horirons saturated with water and
below sbout 85°C. This may restrict allowable gross-ther-
mal loadings in radioaciive wasie repositories in seolite-
bearing volcanic rocks.

k1 1] Smyth, J.R., and Caporuscio, F.A., 1981,
Review of the thermal stabllity and cation ex-
change properties of the zeolite minerals clinop-
titolite, mordenite, and anaicime, applicstions to
radioactive waste isolation in silicic tuff: Los
Alamos National Laborstory report LA-8841-MS,
Los Alamos, NM, 31 p.

The cation-exchange capacity of the Yucea Mounnain
reclites may aliow them 10 pose as a harrier t0 the cation
species of radionuclides. However, zeoliles are unstable at
elevaled terperatures and at low water vapor pressures.
Therelore, these minerals may restrict allowable gross ther-
ma! los tings at waste repositorics in vokanic rock.

382 Smyth, J.R., Thompson, J., and
Wollsberg, K., 1980, Microautoradiographic stud-
fes of the sorption of U and Am on natural rock
samples: Radiosctive Waste Management, vol 1,
no. 1, p. 13-24.

Selective sorption of urantum and americium by specilic
minerals in complex geologic materials (granite, argillite,
tuff and alluvium) has been Inmliglcd by means of
autoradiography on rock thin sections. Results indicate 1hat
low-1emperature, hydrous (commonly secondary) minersi
Kh"“ are much better sorbers of uranium than primary,

igh-temperature, anhydrous phases. This suggesis thatone
percent or less of secondary alteration phases may com-
pletely dominate the sorption properties of a rock.

383 Snyder, R.P., 1977, Geology of the Gold
Meadows Staock, Nevada Test Site: U.S. Geological
Survey report USGS-474-179, 10 p. .

The Gold Meadows stock ouicrops in an elongate pat-
tern about one mile north of Rainjer Mesa. The stock ran
from grano-diorite to cak -alkaline granite, and three of five
modes indicate that the rock is quanz monzonite. The age of
the stock has been cakculated a3 91.8 £ 2.6 my. Gravity and
Now-banding data indicale a source area 10 the southwest of
the present ouicrop. Groundwater measurements from one
deepkdnllhole indicate perched water at several places in the
stock.

384 Snyder, D.D., and Carr, \V.J., 1982, Pre-
liminary results of gravity investigations at Yucca
Mountsin and vicinity, southern Nye County, Ne-
vads: U.S. Geological Survey open-file report
82-701, 36 p. . .
Additional studies resulted in 423 new gravity stations
in the Yucca Mountain area. A linear increase of
0.26g/cm>/km is indicated within the thick tff sequences.
This steady increase of density within the tuff sequences
makes the density contrast across the basal contact of the
tuff the only l;rong source of gravity Nuctuations. [sosiatic
and 2.0-g/cm’ Bouguer corrections were applied to the ob-
served gravity values to remove deep-crusi-related regional
radients and topagraphic «fifects, respeciively. The resull-
ing residual-gravity plot shows significant gravity anomalies
that correlate closely with structures inferred from drillhole
and surface geologic studies.
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b1 Snyder, D.B., and Carr, W.]., 1984, Inter-
pretation of gravitydais In a complex voicano-tece
tonic seiting, southwestern Nevada: Journal of
Geophysical R:--cerch, vol. 89, no. NDI12, o
10,193-10,206.

A regional gravity study, based on an lrregular 2-km
data grid, was conducied al Yucca Mountain as a part of the
NNWSI research. The results were used to delineate the
pre~-Tertlary surface.

86 Spaulding, W.G.. 1983, Vegetations and
climaites of the last 45,000 years In the vicinityof the
Nevada Test Site, Nevada: U.S. Geologicsl Survey
open-file report $3-53S, 210 p.

This study characterizes long~term climaiie variability
inherent In this area. Specifically, paleoenvironmental and
paleoclimatic reconstructions spanning the last 45,000 yesrs
are offered 10 facilitate calculations of potential variations in
waler-table levels and groundwater recharge.

387 Spaulding, W.G., Robinson, S.W., and
Pallles, F.L., 1984, PPreliminary sssessment of cli-
matic change during l.ate Wisconsin time, south-
ern Great Basin and vicinity, Arizons, California,
and Nevada: U.S. Geological Survey \Waler-Re-
sources Investigstions report 84-4318, 40 p.

Concentration and relative ahbundance of plant
microfossils illusirate compositional vanations in samples
from the Eleana Range-2 packrat midden. Nine macrofoasil
assemblages spanning 6,300 years record local vegelation
changes in the southern Cireal Basin of Nevada duning the
last half of the Late Wisconsin glacial age.

ss Spengler, R.W., Dyers, F.M, Jr., and
Warner J. 0., 1981, Siratigraphy and structure of
volcanic rocks in drilthole USW-(G1, Yucca Moun-
tain, Nye County, Nvvada: U.S. Genlogical Survey
open-file report 81-1349, Sd4 p.

This report gathers and interprets information on the
thickness, laleral extent, correlation, and structural charac-
feristics of the volcanic rocks obtained from 1his drillhole. X -
ray diffraction and chemical analyses were performed 10 aid
in rock identification. .

h 13 Spengler, R.W., Chornack, M.P., Mullcr,
D.C., and Kibler, J.F., 1984, Stratigraphic and
structural characterisiics of volcanic rocks in core
hotle USW G-4, Yucca Mountsin, Nye County, Ne-
vada: U.S. Geological Survey open-file report
84-789, 77 p.

Siratigraphic section from core hole USW G-4 is com-
posed enlirely of thick sequences of ash-flows tuff that are
separated by fine- 10 coarse~-grained ash-fall tuff and 1f-
faceous sedimenis. All rocks are of Tertiary age and varyn
composition from rhyolitic 10 quariz latitic. Majnr
stratigraphic units inciude the Paintbrush Tuff, Tuffaceous
Beds of the Calico Hills, and Crater Flat Tuff.

390 Spengler, R.W., Muller, D.C., and (.iver-
more, R.13., 1979, Preliminary report on the geols
ogy and geophysics of dritthole UK2Sa-1, Yucca
Mountsain, Nevada Test Slte: LU.S. Geoilogical Sur-
vey open-fite report 79-1244, 43 p.

Drillhole UE25a-] penetrates the Tiva canvon and
Topopah S vln’ Members of the Painthrush Tull, Tuf-
faceous Beds of the Calico Hills, and the Prow Pass and
Bullfrog Membdcrs of the Crater Flat Tuf(. This drilthole pro-
vides delailed siratigraphic and structural control of tutls un-
derlying northeastern Yucca Mountasn.

39 Spengler, R.\W,, and Roasenhaum, ).G.,
1980, Preliminary Interpretstions of geologic re-
sults obtained from boreholes UK 25a-4d, =%, =6, and
«7, Yucca Mountain, Nevada Test Slie: U.S. Geo-
logical Survey Open fllec report R-929, 33 p, :
Four driltholes were drilled in order 1o identily near-sur-
face siructural features that may be present bencath
Drillhole Wash, one of [our linear northwesti-trending
washes that iransect the northeastern part of Yucca Moun-

tain. The drillhnles intersecied. Iin descending order, the
Tiva Canyon, Yucca Mouniain, Pah Cu-?on. and Topopah
Spring Members of the Paintbrush Tufl. The results are best
explained by small scale tectonic rotation that occurred
about a near-vertical axis as a result of minor strike-slip or
oblique-slip movement within Drillhole Wash.

392 Squires, R.R., Young, R.L., 1984, Flood
potential of Fortymile Wash and its principal
southwestern tributaries, Nevada Test Stie, southe
ern Nevada: U.S. Geologicat Survey Water Ke-
sources Investigations report 83-4u01, 33 p.

This study provides information regarding the probable
characteristics of the 100-year, 500-year, and regional
maximum floods and the resulting areas of probable inunda-
tion along Fortymile Wash and its southwestern tributanes.
The study identifles the extent of and effect flooding would
have un possible waste disposal facllitles. Also the peak flow
magnitudes, average flow velocities, and depths that might
be expected during the 100-year, $00-year, and regional
maximum floods are given. :

Je3 Stock, J. M., liealey, J.11., and llickmaen,
S.1., 1982, report on televiewer log and stresas
measurements In core hole LU $\W G-2, Nevads Test

_Slie, Oclober-November, 1982. !''.S. Geological

Survey open-file report 84-172, 31 p.
fi{sdraulic fracturing stress measuremenls and a
horchole seleviewer log were obtained in hole USW G-2 from
llr;eo‘nq side of Yucca Mountain. Total logging depth was
) m.

394 Stock, J.M., ct al., 1988, fiydraullc frac-

turing stress meessurements at Yuveca Mountsin,
Nevads, and relationship 1o the reglonal stress
field: Journal of Geophysical Research, vol. 90,
no. 110, p. B691-8706.

Hydraulic [racturing siress measurements and acoustic
borehole tcleviewer logs are presented for holes USW (-1
and USW (-2 at Yucca Mountain

398 Stock, J.M., et al., 1986, report on
televiewer log and sircss measurements Iin holes
USW G-3 and UE-25p1 Yucca “Mountain, Nye
County, Nevada: U.S. Geological Survey open-file
repori 86-369, 9] p,

Hydraulic fracturing siress measurements and
televiewer observations were made in drilin jes USW G-3
and Ue-ZSFI on Yucca Mountain, Nevads [he results
from USW GG-3 are similat the the resulis repotred previously
from US\W (-1 and USW (-2 with a low minimum horizon-
tal pnincipal stress in a direction approximately N 65°W.

196 Sution, V.D., 1984, Data report for the
1983 scismic-refraction experiment at Yucca
Mountain, Beatty and vicinilty, southwestern Ne-
vada: U.S. Geological Survey apen-flle report
R4-661, 196 p.

In June 1983, a scismic-refraction survey was con-
ducicd in the vicinity of Yucca Mountain and Beatty 10 better
define the P-wave velocily structure of the upper crust in this
arca.

397 Sutton, V.., 1985, Data report for the
1988 scismic-rcfraction experiment at Yucca
Mountain and vicinity, southwestern Nevada: U.S.
Geologic Survey apen-filc repori 85-591, 282 p.

?‘Ieismic-rc!mclion data from Yucca Mountain are pre-
sented.

A2 Swadley, . W.C., Hoover, D.l., and
Rosholt, 1984, Preliminary report on Late Ceno-

. 2oic faulting and siratigraphy In the vicinity of

Yucca Mountain, Nye County, Nevada: U.S. Geo-
logicatl Survey open-file report B3-748; 42 p.
Manpping of surficial deposits-and examination of faults
in naturai and trenched exposures ina 1100 km? area around
the sile of a potential reposilory for radioactive waste at
Yucca Mounitain have identified 32 faults that offset or frac-
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ture Quaternary deposits, Where the amount of Quaternary
offset can be estimated, dip-slip movement is on the order of
3 motlesson f.ults in and near Yucca Mountain, Maximum
Quaternary offset within the study area may be as much as

. 30 m. No strike-slip movement was demonstrated nor can it

be ruled out. The ternary faults are divided into three

. brow:onp: five faults moved between about 270,000 and
40,

yeare ago; four faults moved about | myago; and 23
faulis moved probably between 2 1o 1.2 my ago. Offset of
Holocene deposits has not been demonstrated,

3 Swadley, W.C., and lloover, D.L., 1983,
Geology of faults exposed In trenches in Crater
Flat, Nye County, Nevada: U.S. Geologic Survey
open-(lie report 83-608, 1S p.

Study of fault movement nlon’ the castern edge of Cra-
ter Flat indicates that the main fault movement occurred
about 1.1 my ago. Later fault movement occurred approxi-
;m\lely 40, 10 260,000 years ago with the older date most
ikely.

400 Swolfs, H.S., and Savage, W.Z., 1985, To-
posraphy, strecsses, and stability at Yucca Moun-
taln, Nevada: 26th U.S. Symposium on Rock Me-
chanics, Rapid City, SD, June 26-28, 1985, p.
1121=-1100.

Plane-sirain solutions are used to analvze the influence
of topography on the stale of stress at Yucca Mountain. The
results are in good agreement with the measured siress com-
ponents obtained in drillholes by the hydro-{raciure method,
p"ldnkularly those measured directly beneath the crest of the

ge.

401 Sykes, M.L., Heiker, G.11., and Smyth,
J.R., 1979, Mineralogy and petrology of (uff units
from the UE2Sa#l drill slte, Yucca Mountsin, Ne-
vada: 1.os Alamos Nationat Laboratory LLA-8139-
MS, l.os Alamos, NM, 76 p.

This paper investigates the minenlog and peirology of
the tock units encountered in the UL25as] drillhole.
Zeolites mineral assemblages arc studied in the wil unitsen-
countered and are compared 10 the mineralogical, textural
and compositional properties of the tufls encounicred at the
J-13 dnill site.

402 Szabdbo, D.J., Carr, W.J., and Gottschall,
W.C., 1981, Uranium and thorium dating of Qua-
ternary carbonate accumulations In the Nevada
Test Site region, southern Nevada: U.S. Geological
Survey open-file report 81-119, 35 p.

Several types of carbonates were collected from the Ne-
vada Test Site area and were dated v the uranium-series
method. Ameng the significant age obtained were three
dates of greaier than 400,00 years on calcite-filling frac-
tures above and below the water table in an exploratory
drillhole within Yucca Mountain.

403 S2ado, B.).. and Kyser, T.K., 1985, Ura-
nlum, thorium isotopic analyscs and uranium-se.
ries sges of caicite and opal, and stable isotlopic
composlitions of caiclte from drill cores UF.25a#1,
USW G-2 and USW G-3)GU-3, Yucca Moauntain,
Nevada: U.S. Geological Survey open-file report
85-224, 25 p. :
Fraciure- and cavity=filling calcite and opal in the un-
saturated zone of three drill cores at Yucca Mountain were

‘analyred for uranium and stable isotope contents, and were

dated by the uranium-series method. Stable isotope daita in-
dicate that the water from which the calcite precipitated was
meteoric in origin. The decrease in '*0 and increase in '3C
with depth are interpreted as being due to the increase in
temperature in driliholes corresponding to an estimated
maximum geothermal gradient of 43° per km. Of the 18 cal-
¢ite and opal deposits dated, four of the calcite and al! nf the
opal samples yield dates older than 400,000 ycars and the
rest of the calclie deposits yield dates between 26,000 and
310,000 yrs.

404 Szabo, B.J., and O'Malley, P.A., 1985,
Uranium-series datingof secondary carbonate and
silica precipltates relating to fault movements In
the Nevada Test Site reglon and of caliche and trav-
ertine samples from the Amargosa Desert: U.S.
Geologicsl Survey open-file report 85-47, 12 p.

Analyses of secondary carbonate samples from Yucca
Mountain and from Crater and Yucca Flats yielded mini-
mum ages for the last significant displacement of faults be-
tween 27,000 and 219,000 years. Dating results of an
opaline carbonate rock sample from a faull on the east side
ol Yucca Mountain indicate the sge of the deposit is greater
than 360,000 years.

408 Tarr, A.C., and Rogers, A.M., Anslysis of
earthquake data recorded by digital fleld seismic
systems, Jarkass Flats, Nevada: U.S. Geological
Survey open-flle report 86-420, 70 p.

Analysis of 59 time series from ten small-magnitude
earthquakes in the southern Nevada Test Site yielded several
significant results.

406 Terry, S.S, 1974, Geology of the UE12(#3
vertical drilthole, Area 12, Nevads Test Site: U.S.
Geological Survey report 474-213, 20 p.

The UE12t43 venical drillhole is located in the north
end of Rainier Mesa and was drilled 10 a total depth of 663
m. It is collared in the Rainict Mcsa Member of the Timber
Mountain Tuff above the U121.03 drift. Th~ stratigraphy,
structure, engineering geology, and physical properiies and
their rclation to tunneling are discussed.

407 Terry, S$.S.. and Cunninghan M.J., 1978,
Geology of the Ul2n.07 UG-3 drilthole, Area 12,
Nevada Test Site: U.S. Geological Survey report
USGS-474-207, 28p.

The U12n.07 UG- horizontal drilthole was collared at
Nevada State coordinates of N. 892,242, E. 634,966 atan
elevation of 1849 m within the tunnel beds of Rainier Mesa.
This report contains stratigraphic, structural, geophysical,
mechanical properly and geological engineering data.

408 Teufel, W.L., 198), Frictional propertles
of Jointed welded tuff: Sandia National Laborato-
ries report SAND-81-0212, Albuquerque, NM, 37

Simulated joint experimenis were conducled on the
Grouse Canyon Member of the Belted Range Tu’f with an
emphasis on joint friction.

409 Thomas, K.W., 1987, Summary of sorp-
tlon measurements performed with Yuccs Moune-
taln, Nevada, (uff samples and water from well
J-13: l.os Alamos Nsatlonal l.aboratory report
1.A~10%60-MS, Los Alamos, NM, 99 p.

The sorpiion studies underiaken from 1977 to 1945 by
LLANL are summarized and the data tabulated in the appen-
dix. Sorption has been investigated as a function of mineral-
ogy, temperature, particle size, waste-element concentra-
tion, water composition, sorption time, and other variables.
The major elements studied were americium, cesium, neptu-
nium, plutonium, thorlum, uranium, sirontium, techne-
li:lm. tin, barium, radium, cerium, europium, and sele-
nium.

410 Thordarson, w., 1968, Perched
groundwater In zeolltlzed-hedded tuff, Ralnler
Mesa and vicinlty, Nevada Test Site, Nevada: U.S.
Geologlcal Survey report TE]-862, 89 p.
Zeolitic-bedded tuff at the base of the tff sequence
within Rainies MNesa controls the recharge rate of
groundwater 10 the underlying and more permeable Paleo-
20ic aquifers. The zeolitic tuff is a fractured aquitard with
high Interstitial porosily and low interstital permeability and .
fraciure-iransmissivity. Tho ulf is generatly fully-saturated
interstitially hundreds of fee: 1bove the regional water table,
yet no appreeiable volume of waler moves through the inter-. -
stices because of the very low permeadility. Thea only freely-
moving water ohserved in miles of underground workings oc-
curred in fractures, usually fault zones. The top of (racture
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. saturation lies within a few hundred feet of 6,000 ft. Head

dients indicate a8 downward-flux-{racture water ard the
nterstitial has 25- 10 3S-times greater specific conductance
than does the fracture water.

Thordarson, WV,, 1983, Geohydrologicdata
and test resulis from well J-13), Nevada Test Site,

Nevada: U.S. Geological Surve;
uter_-Ruources Investigations report 83-4171, §
p. The geology, lithology, geophysical logs. physical

properiies, static water level, aquifer lest, and water quality
are presented for well J-13 in Jackass Flats,

Thordarson, W,, and Robinson, B.P.,
1971, Wells and springs in Callfornia and Nevada
within 100 miles of the point 37° 15* N., 116° 25° W,
on Nevada Teal Site: U.S. Geological Surveyr.port

A study of all wells and springs within 100 miles of the
Nevada Test Site was conducted. The results are that 6,032
wells and 754 springs are known to exist in this area and
those wells located in the valley fill seem 10 bs the best pro-
ducers. The ly:es of groundwaiter utilization inurban and ru-
ral areas are discussed.

' USGS-474-88, 15 p.

413 Thordarson, W,, Rush, F.E., Spengler,
R.W., and Waddelt, S.J., 1984, Gecohydrologic and
drillhole data for test well USW 1=, Yucca Moun-
tain, Nye County, Nevada: U.S. Geological Survey
open-l‘ﬁe r>port 84-149, J1 p.

This report presents data collected to determine the hy-
draulic characterisiics of rocks penetrated in test well US\V
H-3. Data on drilling operations, lithology, borehole geo-

hysics, hydrologic monitoring, pumping, swabbing, and
njection tests for the well are presented.

Thordarson, W., Rush, F.F., and Wad-
dell, S.J., 1985, Geohydrology of test well USW
H=3, Yucca Mountain: U.S. Geoioglcal Surve
Water-Resources investigations report 84-4272, )

The well consiruction, geology, hore-hole flow survey,
geophysical log interpretations, and hydraulic lesting are
presented for well USW H-3. This well is locaied on the
main ridge of Yucca Mouniain.

415 Thordarsan, W., Young, R.A.. and
Winograd [.J.. 1967, Records of wells and test
holes In the Nevada Test Site and Vicinity: U.S.
Geological Surve?v report TEI-872.

An inventory of all hydrologic wells and test holes lo-
cated on the Nevada Test Site as of 1966 is presented. The
inventory inchudes the well name, driller, year completed.,
depth, casing type, formations tested, static water level,
yleld, drawdown, and various remarks.

416 Throckmorton, C.K., 1987, Photogeologic
study of small-scale lincar features near a poten-
tia) nuclear waste repoallor( site at Yucca Moune
tain, southern Nye County, Nevada: U.S. Geologi-
cal Survey, open-file report 87-309, 5S4 p.

Linear features were mapped from 1:2400-scale aerial
photographs by means of a Kern PG 2 stereoplotter. Bearings
of traces measured in the field were dilferent than those re-
corded from aerial photographs. The 1:2400 photographic
scale even though large was not large enough to identify the
majority of fracture traces. Yucca Mountain is poorly suited
for this type of study. -

417 Tillerson, J.R.. and Nimick, F.B., 1984,
Geoenglineering properiies of potential repository
units at Yucca Mountaln, Southern Nevada: San-
dia National Laboratories report SANDS4-0221,
Albuquerque, NM, 110 p.

This report documents the database of geoengineering
properties used in the analyses thataided the selection of the
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waste emplacemeni horizon and in an.lyses synopsired in
the Environmental Assessment report prepared for the
Yucca Mountain site. Average thermal and mechanical

roperties (and their anticipated variations) are presented.

ased on these data, analyses completed to date, and previ-
ous excavation experience in tuff, it is anticipated that exist-
ing mining lechmlojy can be used to develop stadle under-
ground openings and that repository operations can de cap-
ri;:’ o:l safely. Data from Rainier Mesa G-Tunnel are in-
cluded. .

413 Travis, B.J., et al., 1983, Numerical simu-
lation of flow and transport in partially saturated,
fractured tufl: Los Alamos National Laboratory
repori LA-UR-83-3341, Los Alamos, NM, 114:.

A modeling study of flow and transpont for Yucca
Mountain is presented. Numerical models of mass and heat
flow In conljuncllon with analytical solutions are being used
for sensitivity and ulhny analysis and 1o aid in design and

:nler?'rcuuon of laboratory and fleld flow and transport tests
n toff.
419 Travis, B.J., et al., 1984, Preliminary esti-

mates of water flow and radionuclide transport In
Yucca Mountsin: Los Alamos National Laboratory
report LA-UR-84-40, l.os Alamos, NM, 75 p.

A preliminary estimate of water flow and radionuclide
transport is presented for Yucca Mountain. Several conclu-
sions can be mide. Significant fracture flow can occur above
the water table, but only in high-saturation, low permeabdil-
ity tuff. Diffusion into the matrix and adsorption have a pro-
found effect on iransport. Migration times just 1o the water
tadble for all but one of the imporant radlonuclides are con~
siderably longer than 10,000 ycars, and none of the rad-
fonuclides considered reaches the accessible environment in
less than 10,000 years. Heat load in partially saturated walf
can resull In a dry, sicam-filled region extending several me-
ters ahove and below a repository with recharge during cool-
down phase.

420 Tyler, L..D.. and Vollendorf, \W.C., 1978,
Physical observations and mapping of cracks re-
sulting from hydraulle fracturing i1n situ stress
measurements: Sandla National Lsaboratories
(Prepared for S0th Annual Fall Meriing of the Socl-
ety of Petrolcum Enginecers of .IME in Dallas,
Texas Sept. 28-Oct. 1,1975) 16 p.

The purpose of ihe study was 10 better undersiand the
hydraulic=fracture technique in experiments conducted in a
tuff formation in Rainicr Mesa. The experiments are to de-
fermine the sireases In the mesa and 10 examine the fracture
behavior produced by the hydraulic fraciure lechnique. The
maximum horizontal, vertical and minimum horizonial prin-
ciple stresses for 1365 ft. of overburden were 1788 psi, 1183
psi, and 1013 rsl. respectively. The tests were conducted in
existing tunnel complexes and the fractures that were pro-
duced during the tesis were mapped by mining from the tun-
nel complex and physically examining the fractured forma-
tion. The fractures were not affected by existing cracks ot
hard rock inclusions. The (ractures were approximaiely ver-
tical excep: for those where the mess slope Is 60 degrees.

421 URS/John A. Blume snd Assoclates, 1986,
Ground motion evajuations at Yucca Mountaln,
Nevada, with apptications to repository conceptual
design and siting: Sandla Nations! l.aboratories re-
port SAND?5-7104, Albuquerque, NM, 126 p.
Probabilistic seismic hazard models were developed for
both earthquakes and underground nuclear tests. Analyses
telded horizontal peak ground accelsrations of 0.25 g and
.40 g for the 500-year and the 200-yeat earthquake ground
motions, respectively, Similar analyses for underground nu-
clear explosions yielded horizontal peak ground accelera-
tions of 0.125 g-and 0.15 g for the two levels. ’

U.S. Department of Energy, 1986, Envi-
ronmental assessment Yucca Mountain site, Ne-
vada Research and Development Area, Nevada:
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413 U.S. Geological Survey, 1974, U.S. Geo-
logicat Surveyinvestigations Inconnectlon with the
Mighty Epic event, Ul2n.10 tunnel, Nevada Test
Site, with a section on geclogical investigstions by
G.M. Fairlerand D.R. Townsend, a section on geo-
shynlul fogging and selsnilc Investigations by R.D.
arroll, M.J., Cunningham and D.C. Muller, a
section on gravity surveys— Rainier Mesa and
Ulln.10 tunnei by D.L. llealey and a section on in
situ stress investigations b .L. Ellls: U.S, Geo-
logical Survey reaort USGS-474- 2128, 191p.
The geology of U12n. 10 tunnel, Rainier Mesa, as {1 re-
lates 10 the detonation and support operations of the Mighty
Epic event is documented In detail.

424 U.S. Geologlcal Survey, 1978, U.S. Geo-
logtcat Surveyinvestigations Inconnection with the
Dining Car event, Ul2e.18 tunnel, Rainler Mesa,
Nevada Test Slte, with a section on geological In-
vestigations by 8$.G. Steele and G. M. Falrierand e
section on geophysical investigstions by R.D. Car-
roll end M.J. Cunningham: U.S. Geological Survey
report USGS-474-246, 67 p.
The Dining Car event was a Defense Nuclcar Agency
DNA) nuclear weapons test jocated In the Ul2e. 18 drift of
the E-tunnel complex in Rainier Mesa. This repori contains
data on the stratigraphy, sinucture, engineering geology,
t’h’y;k:l. l;?‘pemes. geophysics and stress  within the
.. rift.

428 U.S. Geological Survey, 1982, Geologic,
geophysical, and ia situ stress investigations In the
vicinity of the Dining Car chimney, Dining Car/
Hiybla Gold drifis, Nevada Test Site: U.S. Geologi-
cal Survey open-file report 82-137, 119 p.

Studies of the structure, siratigraphy, engn«rlng geol-
ogy, In situ stress, and various geophysical logs were con-
ducted within Ul2e.20 drifi within tunnel beds 4K and 4J.
The investigations included a study of the eflects of ihe Din-
ing Car eveni conducied within Ul2e.18 driltonly 3 m away
from the closest point within the U12¢.20 drift. The mining
conducted within the U12¢.20 drift enabled the most extene
sive examination of postshot effects ncar a collapse cavity
since the Rainler event in 1957, .

426 U.S. Geological Survey, 1984, Aeromag-
netic map of the Yucca Mountain area, Nevada:
U.S. Geological Survey open-file report 84-206, 8

p- This Is & map showing magnetic contours of the Yucca
Mountain region.

417 U.S. Geological Survey, 1984, A summary
of geologle studies through January 1, 1983, of »
potential high-level radlosctive waste reposilory
site at Yucca Mountsin, southern Nye County, Ne-
vada: U.S. Geolagical Survey open-file report
84-792, 103 p.

A narrative summary of the geology of Yucca Mouniain
] ented. The geomorphology, stratigraphy, teclonic and
volcanic [ramework, structure, seismology, and geologic
stability of the rotemhl reposilory site and vicinity are dis-
cussed in demail.

428 U.S. Geolngical Survey, 1988, Vegetation
and climates of the last 45,000 ycars in the vicinity
of the Nevada Test Site, south-centiral Nevada:
U.S. Geological Survey professions! paper 1329, 87
e
e Plant macrofossils from ancient packrat middens pro-
vide the data 10 infer climatic conditions of the past. The na-
ture and magnitude of previous fluctuations indicate the na-

ture of future climatic change that may impact the reposi-
u:z. The packrat middens can be older than 50,000 years
and are common in the region.  Each contains abundant
mummified plant fossils, representing the plant specles
growing within about 30 m of the site. Radlocarbon-daied
midden samples provide detalled records of climate induced
vegetation change. Increased CO;3 within the next S00 years
probably will resultin a 2 10 3°C increase in annual tempesa-
ture and Intensified rainfall in the Nevada Test Site region.
Analogs with previous glacial Interglaclat cycles indicate that
this superinierglacial cycle may be no more then 4 relatively
brief reversal in the protracied trend toward the next ice age.
Current models indicate that within the next 10,000 years,
climatic conditions may be similar 10 those of the Jast glacial

429 Vaniman, D., and Crowe, B., 1981, Geol-
ory and petrology of the basalts of Crater Flat, ap-
plications to volcanic risk assessment for the Ne-
vada Nuclear Waste Storage Investigations: Los
Alamos Natlonal Laboratory report LA-3845- MS,
Los Alamos, NM, 68 p.

This report presents the results of field and petrologic
studies of the basalts of Crater Flat. These basalis are di-
vided into three distinct volcanic cycles. Preliminary data
suggests that successive basaltcycles at Crater Flat may be of
decreasing volume by recurring more frequently. This infor-
mation provides a basls for estimating the probability of vol-
canic recurrente and the possible effect it may have on a re-
pository at Yucca Mountain.

430 Vaniman, D.T., Crowe, B.M., and Glad-
ney, E.S.. 1982, 'vtrolngy and pcochemistry nf
1lsawalite lavas from Crater Flat, Nevada: Contrie
?:J‘tlg;\’s 10 Mincralogy and Peirology, vol. 80, p.

Hawaliite-type lavas were erupted In three cycles (3.7,
1.2, and 0.3 my) at Crater Flat, Nevada. The compositions
of all three cycles form a “straddling” alkalic series in which
the less-evolved basalts plol near the normative olivine~
diopside divide and the more evolved basalls project into the
hypersthene or nepheline fields.

431 Vaniman, D., ¢t al., 1984, Variations In
suthigenic mincralogy and sorptive zeolite abun-
dance at Yucca Mountain, Nevads, based on stud-
fes of drill cores USW GU-3 and G-3: Los Alamos
National Laboratory report LA-9707- MS, Los
Alamos, NM, 71 p.

Studies of the mineralogy and petrology of the core re-
covered from these two drillholes concentrate on the prod-
ucts of low-1emperature diagenetic alteration. They indicate
Jess alteration and of lower grade than the cores studied from
farther north at Yucca Mountain. The tuff of Calico Hills
can not be relied upon as a zeolitized sorpiive barrier
throughout Yucca Mouniain.

432 Vaniman, D.T., Bish, D.L., and Chipera,
S., 1988, A preliminary comparison of mineral de-
posits in faults near Yucca Mountain, Nevada, with
possible analogs: 1.0os Alamos National Laboratory
report LA-11289-MS, lL.os Alamos, NM, 54 p.

_ Several faulls near Yucca Mountain, Nevada, confain
abundant calcite and opal-ct, with lesser amounts of opal-A
and sepiolite or smectite. These secondary minerals are be-
ing studied 10 determine the directions, amounts, and timing
of transport involved in thels formation. Possible anajog de-
posits from known hydrothermal veins, warm springs, cold
springs or seers. soils, and acolian sands were studied for
compatrison with the mincrals deposited in these faults; there
are major mineralogical differences in all of the environ-
ments except in the aeolian sands and in some cold seeps.
Preliminary conclusions are that the deposits in the fauls
and in the sand ramps are closely related, and that the proc-
:ss gl depasition did not require upward fransport from.

epth. - : :

43 Vieth, D.L., 1984, Slie description and se-
lection process: In McVay, G.L., (ed), Scientific Ba-
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sis for Nuclear Waste Manegemen:: Elsevier Sclence

Publishing Company Inc., p. 279-282.
A cursory overview of the Yucea Mountain site Is given
and the rationale for Its selection {s explained.

434 Vine, E.N., et sal., 1980, Radlionuclide
transport and retardation in tuff: l.os Alamos Na-
tlonat Laboratory report LA-UR- 80-2949, l.os
Alamos, NM, 9 p.

Batch-sorption measuremcats were conducied in order
1o determine which experimental variables are imporiant.
Results indicate that particle size (and surface area) are un-
important; whereas groundwater and rock composition are
very ‘'mportani. A general correlation has been identified for

~ mineralogy and the degree of sorption for Sr, Cs, and Ba.

438 Vine, E.N., Agullar, R.D., and Nayhurst,
D.P., 1980, Sorptlion-desorption studics on tulf 1t -
continuation of studics with samplea from Jackaas
Flats, Nevada, and initial studies with sampies
from Yucca Mountain, Nevada: Los Alamos Na-
tlonal Laboratory repori [LA-8110-MS, Los Alamos
NM, 78 p.

Distribution coelficients were detcrmined by the haich
fechnique for sor;uon-dcsorpuon of radionuclides on tifs
from drilthole UE25a#1 and water from well J- 13, Underat-
mosphetic conditions, zeohtic luffs had sorplion ratios of ap-
proximately 10 10 10* mi‘g with St, Cs, Ba, Ce, Eu, Am,
and Pu. For non zeolitized Wulfs, the sorption ratios were ap-
proximately 102 10 10% ml/g.

436 Vortman, 1..J., 1979, P'rediction of ground
motion from nuciear weapons tests at Nevada Test
Site: Sandta National [Laboratories report
SAND79-1002, Albuquerque, NM, 46 p.

Ground motion data from undetground nuclear detona-
tions during FY78 were added 10 data from earlier detona-
tions; the data were used to formulate a tentative equation
for predicting ground motion at the Nevada Test Site. Addi-
tional measurements 1o explore an unexplained seismic
anomaly in Jackass Flats are descnibed. Methods used in
automaltic processing of ground motion data are explained.

437 Voriman, L..J., 1980, I’rediction of ground
motion from underground nuclear weapons tests
as it refates to siting of a nucicar waste storage fa-
cility at Nevada Test Sltec and compatibllity with the
weapons test peogram: Sandia Natlonal l.aboraio-
rles report SANDR0-1020, Albuquerque, NM, 41 p.

Prediciion equations and their standard deviations have
been determined {rom measurementsa on a number of nuclear
weapons tests. The effect of various independent parameters
on standard deviation Is discussed. Additional data haa little
effect on the standard deviation since the data sample is
Inrge. An example, based on certain licensing assumptions,
shows that it should be possihle to have a nuclear waste stor-
age facility in the vicinily of Timbet Mountain which would
be compaiible with a 700 kt weapons test in the Buckboard
Area if the facility were designed to withstand a peak vector
acceleration of 0.75 g.

438 Vortman, 1..J., 1982, Ground mation from
earthquakes and underground nuclear weapons
test— & comparison as (t relates 10 siting a nuclear
waste storage facllity st Nevada Test Slte: Sandia
National! Laboratories report SAND- 81-2214, Al-
buquerque, NM, 37 p.

Ground motion generated by a magnitude 4.3 earth-
quake at ihe Nevada Test Site was measured at the control
point and compared with ground malion gencrated at about
the same distance by four underground nucicar weapons
tests. Frequency responses were dillerent [or the (wo
sources. J( relationship between ground motion fromi the 'wo
sources can be confirmed of other carthquakes, weapons test
ground motion could be used to esimate earthquake ground
motion for magnitudes for which probability of tecurrence ts
very small.

439 Vortman, L..J., 1983, Siresses and strains

at Yucca Mountain from underground nuclear ex-
foslons: Sandia Natlonal l.aboratorieas report

SANDS3- 1853, S3p. .

_ Thestreas and strain imposed on Yuccs Mountain by an
underground nuclear explosion (UNE) of 700 ki at a dis-~
unce of 22.8 km is estimated. Peak values of sur{ace ground
motion were reduced for repository deeth according 1o expe-
tience (rom a recent measurement al Yucca Mountain. The
P-wave produced a strain of 3.25 x 10-Swhile the Rayleigh
wave produced & horizontal strainof 9.5 x 10-%and a verti-
calstrainof $ x 10°¢ Although the strains are smsil, they
are much greater than those caused by earth tides or the
easi-wesi extension of the tectonic province in which Yucea
Mountain Is located,

440 Vortman, L.J., 1986, Ground motion pro-
duced at Yucca Mountaln from Pahute Mesa un-
derground nuclear explosions: Sandia National
IN.;I;nruorlel report SANDBS-1605, Albuquerque,

Prediction u‘unlkm were developed for peak vector ac
celeration, veloclty, and displacement (rom underground
nuclear explosions at Pahute Mesa. Scparate equations were
developed using data from stations on rock, alluvium, and a
combination of the two. Results indicate anomalously low
accelcrations at Test Stand 1 In Jackass Flats. The predic-
tions were 45 to 10-limes smaller than those observed.
Measurements made at Yucca Mountain suggesit predictions
to be 4.19-times smaller than the observed accelerations.

441 Vortman, 1..J., and l.ong, J.W., 1982, Ef-
fects of Repository depth In ground modon=- The
Pahute Mesa data: Sandla National [.aboratories
report SANDS2-0174, 294 p.

Measurements of ground molion from 10 Pahule Mesa
weapons lesis were made at seven locations on the Nevada
Test Site. Measurements of vertical, radial and tangential
acceleration were made at sach location and depth, and the
three components of acceleration were used to determine
peak vector magnitudes of acceleration, velocity, and dis-
placement. Top to boitom ratios of the peak veciors were
plotied against depth and an cxponential Jeasi-squares fit
made 10 the curve. Fits for multiple peaks were betier than
for single peaks and those for Pseudo Relative Response Ve-
focily were hetier than the multlple peaks. Scatier is pro-
duced by dilferences in geology and [its 10 the data can be
used as prediction equations.

442 \Waddell, R.K., 1982, Two-dimensional,
steady-state mode) of groundwater flow, Nevada
‘Test Site and vicinity, Nevada-California: U.S.
Geologicat Survey Water Resnurces Investigations
report A2-4088, 72 p.

A two-dimensional., steady-state, [inlte-element
model of the groundwater flow system of the Nevada Test
Site and vicinity in Nye and Clark Counties, Nevada, and
Inve County, California, was developed using parameter-
estimation techniques. The model simulates flow in an area
underlain by clastic and carbonate rocks of pre-Cambrian
and I'aleozoic age, and volcanic rocks and alluvial deposits
of Tertiary and Quaternary age.

443 Waddcell, R.K., Jr., 1985, )lydrologic and
drilthole data for test wells Uk-29a#]1 and
UE-29a%2, Fortymlile Canyon, Nevada Test Site:
U.S8. Geonlingical open-(lle report B4-142, 25 p.

The aquifer test data from two wells, UE-29a#) and
UE-29a#2 are presented. These wells are jocated in For-
tymile Canyon approximately 7 to 8 miles from Yucca
Mountain.

443 Waddett, R.X,,
Rlankennagel, R.K., 1984, ({ydrology of Yucca
Mountsin and vicinity, Nevada-California— inves-
tigative results through mid-1983: U.S. Geonlogical
Survey Water-Resources [Investigations report
84-4267, 40 p.

The regional and local geolo:y and hydrology surround-
ing Yucca Mountain are discussed. Both surface and subsur-
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."f"‘_"'.fleo hydrology, the vatious hydrogeologic units, poten-

tiometric levels, recharge and lschuge areas, and
hydrochemistry are also presented. The hydrogeology of
ucea Mountain is discussed in detail.

data in Area 12, U.S. Geonlogical Survey Technical
Letter, 24 fe. .

Avajlad gnvltr dala were augmenied by new observa-
tions along three profiles through two new drillholes in Area
12: UB12t #1 and UE12p #1. The data were interpreted to
allow evaluation of the rologic structure priot 10 the plan-
ning and excavation of two proposed tunnel complexes,
Utdt and Ul2p.

446 Walker, G.E., and Fakin, T.E.,1963, Geol-
ogy and groundwater of Amargosa Desert, Ne-
vada-Callfornia: State of Nevada Department of
Conservation and Natural Resources, Ground-
\v;ter Resources Reconnalssance Serles report 14,
45 p.
aneIplmlon in the Amargosa Desertaverages less than
§ inches annually. Eroslon of surrounding mountains have
filled the basin with several hundred feet of alluvivm. The
estimated yearly yleld of waler {rom springs and wells com-
bined is 24,000 acre-feetl. Groundwater pumpage during the
sumnmer of 3962 is estimated 10 have been 3,000 acre-lcet,
most of which was used for irrigationn. Analysis of 28 sam-
ples of water indicate medium-salinity waters which may re-
quire leaching of the soil. Waiter quality generally decreases
into the southern portion of the basin. Boron concentrations
may represent a problem for Irrigation of some ¢rops. For
public supply, the water is generally accepiable with the ex-
ception of locally high concenirations of fluonde. Ahout 1.4
million acre-feet of groundwalter §s estimated to be stored in
the upper 100 (eet of the alluvial aquifer coverlns a four
township area. }1is estimaied that pumpage of 60,000 acre-
feet & year would draw water levels down 100 (eet in 25 years
and Intercept mosi of the natural discharge from the valley.

447 Walter, G.R., 1982, Theorciical and cx-
perimental determination of matrix diffuston and
related solute (rsnaport propertices of (ractured
tuffs from the Nevada Test Site: [.os Alamos Na-
tlonal L.aborstory report [.A-9471-MS, Llos
Alamos, NM, 132 p.

Theoretical and experimental studies of the chemical
and physical factors which affect molecular diffusion of dis-
solved substances from fractures into a tulfaceous rnck ma-
irix have been made on rocks from G-Tunne!l and Yucca
Mountain. A variety of groundwaler tracers, which may be
useful in a field tracer test at the Nevada Test Site, have also
been developed and tested.

448 Wang, J.S.Y., and Narasimhan, T.N.,
1984, Jlydrologic mechanismae governing fluld flow
in partiatly saturated, fracturcd, porous 1uff at
Yucca Mountain: Lawrence llerkcley Laboratory
report LN1~18473, Nerkeley, CA, 58 p.

In contrast 10 the saturated 2one where fluid moves rap-
#dly along fractures, the frachires (with relatively large aper-
fures) will de-saturate first during drainage processes and
the dulk of fluid Now woulk! be through the interconnected
pores In the matnx. Within a partially drained {racture, the
presence of a relatively continuous i phase will produce
practically an infinite resistance to liguid {low in the direction
paralie! 1o the fracture. The residual hiquid will he hekd by
capl!hrl force in regions around fraclure confact arcas
where the apertures are srall. Normal 10 the fracture sue-
faces, the drained poriion of the fractures will reduce the ef-
fective arca for liquid Now from one matrix block 10 another
matrix block. This report deals with the numerical simufa-
tlon of the drainage of a fractured, unsaturated tuif column.

449 Wang., J.S.Y, and Narasimhan, T.N.,
1986, 1lydrologic mechanisms governing partially
saturated fluld flow in fractured welded units and
porous non-welded units at Yucca Mountain: San-

443 Wahi, R.R., 1969, An analysils of gravity

dia Nstlona! Laboratories report SANDSS- 7114,
Albuquerque, NM, 83 p.

A discrete-lracture, porous-matrix model and a com-
posite-medium model were used to study hydrological re-
sponses to cycles of pulse infilization at Yucca Mountain,

he pulses were applied to fractures at the top of a vertical

. column composed of aliernating layers of welded and non-

welded tuffs. The hydrologic response of the units from 0.1
00.5 mmIJr recharge pulscs applied at 3,000-year intervals
is discussed.

450 Warren, R.G., 1983, Geochemicalsimilarl-
ties between volcsnic units at Yucca Mountsin and
Pahute Mesa: evidence for a commoan magmatic
origin for volcanic sequences that flank the Timber
Mountain Caldera: 1.os Alamos National l.abora-
tory report LA-UR-83-1219, Los Alamos, NM, 32

Chemical compositions have been determined for cer~
tain minerals from a comprehensive set of samples of Crater
Flat Tuffs and Tuffs of Calico Hills. NMost of these samples
were taken (rom drillholes a1 Yucca Mountain. Samples of
the tulfs and lavas of Area 20, obtained from lavas at Pahute
Mesa, were similarly analyzed. The results indicate that the
units probably erupted contemporaneously (rom the same
parenial magma.

451 Warren, R.G., DByers, F.M. Jr., and
Caporusclo, ¥.A., 1984, Pctrography and mineral
chemisiry of units of the Topopah Spring, Calico
11ills and Crater Flat Tuffs, and oider volicanic
units, with emphasis on samples from drillhole
USW G-1, Yucca Mountain, Nevada Test Site: Los
Alamos Natlonal Laborstory LA-10003-MS,. Los
Alamos, NM, 78 p.

This report contains petrographic and mineral chemical
data for phenocrysts in volcanic units of Yucca Mountain
dritthole USW (-1 and provides a basis (ar petrographic
%ompamon of units within Yucca Mountain and the Nevada

est Sile. .

452 Warren, W.E., and Smith, C.\V,, 1988, /a
sttu stress estimates from hydraulic fracturing and
direct observation of crack orientation: Journal of
Geophysical Research, vol. 90, no. N8, p.
6829-68)9,

Estimates of in situ stress in G-Tunnel, Rainier Mesa,
have been obtained with hydraulic-fracturing techniques. A
significant feature of this work is the mineback operations in
which the borehole Is mined out to reveal the actual fracture.
Direct observation of the fracture orientation away (rom the
borehole establishes the direction of the minimum compres-
sive in situ stress and the plane of the other two principal
stresses. Advantages, limitations and prohiem areas associ-
ated with extrecting in situ stress fields from hydraulic~frac-
ture-pressure records are discussed in detail.

45) Waters, A.C., ¢t al., Preliminary sirati-
graphic and petrologic characicrization of core
samples from USW-G1, Yucca Mountain, Nevada:
l.os Alamos Natlona) Laboratory LA- RBR40-MS,
lL.os Atamos, NM, 66 p.

The purposs of this report is 1o characterize the strati-
graphy and petrology of selected core samples through labo-
ratory investigations. X-ray dilfraction and microprobe
studies of de-witrification preducts of volcanic glass were
given particular sttention.

454 Waymire, D.R., and Dulmsira, C.0O.,
1982, /n sitw tulff water migration/heater experi-
ment-instrumentation design and (ielding: Sandia
National l.aboratories report SAND-81-1058, Al-
buquerque, NM, 30 p.

The heater and experimental equipment were operated
for seven months, The instirumentation measured water
depth, alkalinity, temperature, cavity pressure, relative hu-
midity, 1a situ siress changes, and rock-mass displacement.

458 Weeks, E.I'., and Wilson, \V.F., 1984, Pre-
liminary evaluation of hydrologic properties of
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'coru of unsaturated tuff, test well USW I1i-1,

Yucca Mountain, Nevada: U.S, Geological Surve
Water-Resources Investigstions report 84-4193,3

P,

Anatyses were made on 1§ core samples of unsaturated
tuff from test well USW H=-1. Moisture-characteristic curves
relating saturation and moisture fension were developed
from results of mercury~-injection tests. Moisture tension
and effective permeadilities were calculated for the samples
from this drillhole.

456 Welich, E.P., et al., 1987, Version 11 of the
users manual for the tuff database interface: San-
dia Natlonal Laboratories report SANDR4-164),
Albuquerque, NM .

A computerized database of physical properties from
faboratory tests and field tests of Yucca Mountain tuffs has
been compiled. The tuff daiabase interface 1s presented.
Ihh database atlows NNWSI participants to retrieve these

ats.

457 White, A.F., 1979, Geochemisiry of
groundwater assoclated with tuffaceous rocks, Oa-
s!s Valley, Nevada: U.S. Genlogical Survey profea-
slonal paper 712-E, 25 p.

Regional similarities and trends in the aqueous chemis-
try of the tuffaceous aquifers indicates that most of the re-
charge entering Oasis Valley is the resuilt of groundwater in-
flow from Pahute Mesa, Gold Flat and other areas to the
north and east. One-half of this water discharges as
evapotranspiration and the rest flows through the alluvium
southward 10 the Amargosa Desert. Solute concenirations of
sodium and silica suggest that hydrolysis and incongruent
dissolution of volcanic glass are the principal reactions in the
tuffaceous aquifer. Chloride is leached preferentially tn fluo-
tide and stability calculations show that montmorillonite is a
stable weathering product within the saturaied zone. The
water is saturated with respect 1o silica pgel bhut under-
saturaied In terms of the zeolite analcime. The lack of satu-
ration suggesis thal zeolilization occurs in localized

ochemical environments, whichate nnlgnenlly reflected
ﬁ the average groundwater composition. Colinear increases
of solutes during evapoiranspiration of waler in the alluvial
aquifer Indicate that water contained in this and the tuf-
faceous aquifer is of the same generic origin. This hnearity
aiso Indicates thal sodium and chloride are neither selec-
tively added or removed {rom the system and that bicarbon-
ate s only locally affected by disaolution and precipitatron of
calcite. Cakium concentrations are controlled hy the disso-
lution of calcium sulfate mincrals present In lacustrine Jde-
posits and by the precipitation of calcite. Flueride concen-
tration is controlled by fluorite saturstion and potassium
concentrations are ‘rrohabty controlled hy adsorption and
fixation by degraded clays common to arud-snil rones and
also by uptake by the vegetative cover

458 White, A.F., and Chuma, N. 1., 1987, Uar-
bon and isotopic mass halance models of Onasis
Valley-Fortymile Canyon Uroundwater [issin,
southern Nevada: Watcr Resources Research, vol.
23, no. 4, p. $71-582,

Environmental isotopes and carbon chemisin provide
means of differentiating various recharge areas, {low paths,
and ages of groundwatet In portions of ihe Nevada Tesl Site
and vicinity. Regonal deuterium and oxvgen-18 trends are
offset from the present day meteoric line by a deuterium de-
pletion of $ per mil, suggesting paleochmatic changes. Par-
tial pressures of COzand '®0 and '3C data indicate solubility
and isotopic equilibrium between the gas and watet in ihe soil
zone with progressive exchange with undetlying groundwater
in the shallow alluvium of Oasis Valley. Application of a
closed system CO; model successfully reproduces chemxcal
compositions observed in the alluvium in the Amargosa De-

sert and in the deep tuff aquifer hencath Pahute Mesa and |

Yucca Mountain.

489 White, A.F.. and Claassen, 11.C., 1978,
Dissolution kinetics of silicate rocks, application 1o

solute modeling: In Jenne, F.A., {ed], Chemicatl
modeling— speciation, sorption, solubllity and ki
netics Insquenus systems: American Chemicsl So-
clety, pd49-47).
Experimentally determined dissolution kinetics are ap-
ticable 10 natural weathering processes of silicate rocks.
ass transfer from the mineral to the aqueous phase was de-
termined 1o be Incongruent under a range of experimental
conditions. Transfer rates of individual species (Q) at times
(1) can usually be described by one of lwo rate erpressions:

>Q s Qp ¢ kpt'r?
Q = Qs * Kyt

where K, is a linear rate constant. Kp Is a parabolic rate
constant. and Q, and O, is the lincar and paraholic mass
transferred Juring an Innﬂl surface exchange with hydrogen
ions. Detared invectigation of diasolution of a viiric wff indi-
cales that the rate of mass transfer of a species i3 described
by the parabolic expression and is Inversely dependent on the
conceniration of that species in aqueous solution. A numeri-
¢alsolution to the one-dimensional ditfusion equation is pre-
dented using a Fruendlich isotherm to relale the aqueous ion
co’r'\:enmmn and the jon density on the surtaces of tP2 esais
tufl.

460 White, A.F. and Claassen, 11.C., 1979, Ki-
netlc model for the dissolution of a rhyolitic Jlass.

Rhyolitig glass reactsons consist inftially of rapid, Jo°-
face-ion cxchange {nllowed by slower parabolic solid-sta e
diffusion 'hese mechanis ma are consistent with previously
reported resuits for both art ticial glasses and silicate mine. -
als. The etfeet of pH on the composstion of fluids Jerive.!
from glass dissolution was investigaled as were the kinetics
of the reaction. Expenimental data can be modeled success-
fully by & nimerical solution 1o Fick's second law of diffu-
slon, using a Freundlich adsorption isciherm 1o describe Na
al the glass surface.

481 \White, A K., Claassen, $1.C., and llenson,
1..V., 1980, ‘Fhe effectl of dlssolution of volcanic
glass an the water chemistry tn a tuffaceous aqui-
fer. Rainice Mesa, Nevada: U. S, Geolugical Surve y
Water-Supply Paper 1538-0, 34 p,

Expennmental results indicale that geochemistry of

roundwater within Ratnier Mesa i the result of glass dissa-
ution principally in the Patntbrush Tuff and Miocene tunnel
heds. Gilass dissolutinn is incongruent, with the prelerential
release of sadium, ¢ slcium, magnesium, and the relention
of potassium The dommnance of ’Inu diseolution s probd-
ahls related to the porous nature of the vilric tulf. which re-
sults in large surface arcas and retention time. The catwn
composlion of Rainter Mesa groundwater is wognnmlv
modificd as a function of depth in the mesa, with a depletion
of Ca and Mg relative to Na. The depth at which this occurs
cotncides with alteratiun zones containing clinoptilolite and
montmaenliloniie sn the lunnel beds. (Ingoing precipitation of
these muncrals s an effective sink for removal of hivalent
catirns The range 1n cation compositions 1n nterstitial and
fraciure waltercare very similar, and compositions for antons
are different, wirth nterstitial waters much highet in chloride
and sulfate telative to bicarbonate.

462 Whitficld, M.N., Thordarson, W., and
Fashom. 1. 1%, 1984, Geohydrologlic and drillhole
data for test well USW 11-4, Yucca Mountain, Nye
County, Nevada: U.S. Geologicat Survey aopen-flle
report R4-449, 39 p, : ) )

This report presents data on drilling operations, lithol-
ogy. geophysical well logs, sidewall-core samples, water
level moniloring, aquifer tests, injection tests, radioaciive
tracer horehnle flow sutvey, and wates chemistry data for test
well USW H-4. 1 s well 1s located on the eastern flank of
Yucca Mountain. .

463 T Whithield, LS., Ir.. Eshom, E.P.. Thor-.

darson, W., and Schaefer, D. 1L, 1988, Geohydrol.
ngy of rocks penctrated by test well USW 11-4,
Yuten Mountmin, Nye County, Nevada: U.S. Geo-
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fogical Survey Water-Resources Paper 85-4030, 33
p.

The results of hydraulic testing of rocks penetrated by
USW H-4, one of several test wells drilled in the vicinity of
Yuocca Mountain, are presented. The data derived [rom this
hole are drilling procedures and construction, lithology, geo-
physical logs, waler levels, pump test, borehole flow survey,
* and groundwater chemistry data,

464 Wilmarth, V.R., Potinelly, T., and Wil.
cox, R.E., 1960, Alteration of tuff by Rainier Mesa
underground nuclear explosion, Nevada Test Site,
Nye County, Nevada: U.S, Geological Survey pro-
fesstonal gnpcr 400-0, pl149-151.

The 1.7 &t Rainier nuclear test altered the surrounding
tuffs of the now abandoned Oak Spring Formation by the
creation of a breccia zone in the vicinity of the test cavityand
fusing some of the 1l within this zone to radioactive glass.
The cation exchange capscity of 1he tuffs within 40 {t. of the
brececia zone decreased. This is probably related 1o alieration
of zeolites by heat of the explosion.

463 Wilmarth, V.R,, and Mckeown, F.A, 1960,
Structura) effecis of Rainier, L.ogan, and Blanca
underground nucliear cxplosions, Nevada Test
Site, Nye County, Nevada: U.S. Geological profes-
stonsl paper 400-13, p413-423.

This report documents the surficial and underground
structural effecis of threc nuclear tests conducled within
Rainier Mesa.

466 Winograd, 1.J.. 1962, Interbasin move-
ment of groundwater at the Nevadn Tcest Site, Ne-
vada: U.S. Geological Survey professional paper
450-C, p. C108-CI11.

Hydraulic evidence far interbasin circulation of
groundwaiter through carbonate rocks of Paleozoic age is pre-
sented. The study was conducted on Frenchman, Yucca and
Jackass Flats®.

467 Winograd, 1.]., 196), A summary of the
roundwaler hydrology of the arca belween the
s Vegas Valicy and the Amargosa Desert, Ne-
vada, with speciat reference to the effects of possi.
ble new withdrawals of groundwater: U.S. Geolaogl-
ca! Survey report TE1-840, 79 p.

The hydrology of the central Amargosa Desert, south-
ern Indian Springs Valley, and the Pahrump Valley was
studied 10 determine the efiects of additional pumping asso-
clated with a new townsite. The towntite was conswdered for
the suppon of the Nuclear Rocket Development Station lo-
cated in Jackass Flats on the Nevada Test Site.

468 Winograd, 1.J., 1971, Hydrogeotogy of
ash=flows 1uff: A pretiminary siatemeni: \Water
Resources Research, val. 7, no. 4, p. ¥94-1008,

A preliminary description of the hydrogeology of ash-
flows tuffs is presented. Details are given on 1he interstitial
porosity and permeadility, fracture transmassivity, springoc-
currence, location and discharge that can be found in this
type of geologic unit,

469 Winngrad, 1.J.. and Doty, G.C., 1980,
Paleohydrology of the southern Great fasin, with
special reference (0 water table fluctuations be-
neath the Nevada Test Site during the Late Pleisto-
cens: U.S. Geological Survey open Flle report
80-569, 91 p.

The distribution of calcitic veins in alluvium and
takebeds. and of tufa deposits, between the Ash Meadows
discharge ares and the Nevada Tesi Site suggest 1hat dis-
charge 'r'om the regional Paleozoic carbonate aquiler during
the Late Pleistocene occurred al distances as much-as 14 km
noriheast of Ash Meaduws and at altitudes up 10 50 m higher
than at present. \Vaier-level rises beneath Frenchman Flat
during future pluvials are unlikely to exceed 30 m, and future
Jevess might even be 10 m lower 1han the madern one.

470 Winograd, 1.J., and Pearson, F.J., 1976,
*1ajor carbon-14 anomaly in a regional carbonate
aquifer: possible evidence for megascale channel-
ing, south central Great Illasin: Water Resources
Research vol. 12, no. 6, p. §125-1143.

The '*C content of groundwater at the center of a
16-km-long fault-controlled spring line a1 Ash Meadows in
south=central Nevada is S-times gcnér than that In water
from other major springs along the same lineament. The
most plausible hypothesis requires the presence of a major
longliudinal heterogenellr in the distal portion of the
groundwater basin 1o explain th inomaly.

471 Winograd, 1.J., and Thordarson, W,,
1978, tlydrogecologic and hydrochemical frame-
work, south-central Great Basin, Nevada-Callfor-
nia, with special reference 1o the Nevada Tesi Site:
}J“S Geological Survey professional paper 712-C,

p.

The geologic strata of the Nevada Test Slte have been
divided into 10 hydrogeologic uniis; three of which control
the regional movement of groundwater. Synthesis of hz‘d-
rogeologic, hydrochemical, and isolopic data suggesis that
an area of at icast 4, 500 mi? is hydraulically integrated into
one groundwaler hasin, the Ash Meadows Basin. Discharge
occurs along a fault controlled spring line located at Ash
Meadows within (he east-central Amargosa Desert. Within
the Nevada Test Site, groundwater moves southward and
southwestward toward Ash Meadows,

/
472 \Winagrad, 1.J., Thordarson, W., and
Young, R.A., 1971, Hydrology of the Nevads Test
Site and vicinlty, southecastern Nevada: U.S. Geo-
fogical Survey open-flie report, 429 p.

The gealogic strata of the Nevada Test Site has heendi-
vided into 10 hydrogeologic units; three of which control the
regiona] movement of groundwater. Synthesis of hyd-
rogeologic. hydrochemical, and Isotopic data suggests that
an area of aticast 4,500 mi? §s hydraulically integrated into
one groundwater basin, the Ash Meadows Basin.

473 Wolfsberg, K., et a),, 1979, Sorption-
desorption studics on tuff; initlal studies with sam-

les from the J-13drlll site, Jackass Flats, Nevada:

08 Alamos lLaboratory report LA-7480 -MS, Lo
Alamos, NM, 56 p. :

Distnbution coelficients were determined for sorption-

desorphion ol radionuclides between each of three dilferent
types of tlf from drillhole J- 13 and the water [rom that well.
Sorption ratios vary according 10 the lithologic vartation of
the wifl. A 1! high in zcoli'e or glass composition exhibits
high sorption ratios for different radonuchdes while a de~vi-
trified tuff e .hibits jow to intermediate values.

474 Wollsherg, K., Aquilar, R.I)., and
Navhurst, I3.P., Sorption and desorption studies
on tuff 111, A continuaton of studies with samples
from Jacknass Flats and Yucca Mountain, Nevadas:
Lus  Alamos Natlonal l.aboratory report
1.A=8747-MS, Los Alamos, NM, 71 p.

This report is the third in a series of sorptions studies.
Lithologies previously not studied are presented and continu-
ing experiments with U, Pu, and Am are-described.

478 Wolienberg, H.A., Yang, ).S5.Y., and Kor-
bin, G., 1983, An appraisal of nucicar waste isola-
tlon in the vadose zonc in arid and scmi-arid re-
glons: lawrence licrkciey Llaborstiory report
1.11.-15010, Berkeley, CA, 126 p.

An appraisal is presented of the concept of isolating
high-level radwactive waste in the vadose zone of alluvial-
filled valicys and tuffaceous rocks of the Basin and Range
geomorphic province. A descriptivn of the geologic and hy-
drologi seiting of Yucca Mountain is included as a type Jo-
cality for a tultaceous sock repository. .

476 ~ Worman, F.C., 1969, Archacological In:
vestigstions at the U.§. Atomic Energy Commis-
sjon’'s Nevada Test Slte and Nuclear Rocket Devel-
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- opmeni Siatlon: Los Alamos National Laborstory

report LA-4128, Los Alamos, NM, 201 p.

Atrchaeological sites within the Nevada Test site are de-
scrided and the hisiory and artifacts [rom each site are pre-
sented. A total of 24 designaited sites are described as wellas
isolated surface finds.

41 Wu, 8.8.C, 1985, Topographic mapa of
Yucca Mountain area, Nye County, Nevada: U.S.
Geological Survey open-file report 85-620, 53
This report consists of six topographic maps of the
Yucea Mountainarea. These maps Anareumlnny and have
not been reviewsd for conformity with U.S. Geological Sur-
vey edlitorial standards and siraligraphic nomenclature,

478 Yang, 1.C., et al., 1985, Analyais of gase-
ous-phase siable and radioactive lsolopes in the
unsaturated zone, Yucca Mountsin, Nevada: From
Conference on Characterization and Moanltoring of
ﬂ.u Vadose Zone, Denver,CO, November 19, 1988,
8 p.
Gas samples were collecied a! intervals to a depth of
1200 f1. from the unsaturated zone at Yucca Mountain.
Sumples were analyzed for carhon-14 activily and car-
bon- '3 water vapor in the sampies were analyzed for deute-
rlum and oxygen-18. These dala could provide insight into
the nature of unsaturated 20nc fransport processes.

479 Young, R.A.. 1968, Records of wclls and
test holes drilicd at the Nevada Test Slte and vicin-
ity since 1960: U.S. Geological Survey Technicsl
Letter NTS-117, 21 p.

The drill logs, lithology, and chemisiry of wells drilled
on the the Nevada Test Site before 1960 are described.

480 Young, R.A., 1972, Water supply for the
Nuclear Rocket Development Station at the U.S.
Atomic F.nergy Commission’s Nevada Test Site:
U.S. Geological Survey Watcer-Supply Paper 1938,

p.

The Topopah Spring Member of the Paintbrush Tulf is
evaluated as & water-supply source for the now defunct Nu-
clear Rocket Development Station. [t is estimated that 37 10
187 billion gallons of water are available for uulization.

481 Yow, J.1.., Jr., 1988, Fleld investigations
of keyblock stability: Lawrence Livermore Nae
ttonal Laboratory report UCRIL.-53612, LIv.rmore,
CA, 228 p.

Discontinuities in & rock mass can inlersect an excava-
tion surface 1o form discrete blocks (keyblocks) whichcan be
unstable. This engineering prohlem is divided into two K.ms:
block Identification and evalustion of hlock siabhility.
Keyblocks can be ideniified from discontinuily and excava-
tion geomelry using a whole siercographic projection. Once
a block Is identified, the forces affccting it can be calculated
10 asscss its stability. The normal and shear stresses oneach
block face before displacoment are calculated using elasiic
theory and are modified in a non-lincar way by discontinuity
deformations as the keyblock displaces. The stresses are
summed into resultant forces 10 evaluate block stabilily. One
stable keyblock and 13 fallen keyblocks were abserved in the
Climax Mine and Ul2g tunnel at Rainier Mesa.

482 Zietinskl, R.A., ctal,, 1986, Rock-waterin.
teraction In ash=flows tuflfs (Yucca Mountain, Ne-
vada, U.S.A.)=The record from uranium studies:
Uranium, vol. 2., no. 4, p. J61=-I43.

Forty-eight core samples of variably welded.
devitrified, fractured and altered ash-flows tulfs from Yucca
Mountain were selected for comparative analysis by ura-
nlum-based methods 10 eslimaile past Inleraction with oxi-
dizing water. Tesis for such interaction include: (1)chemical
fractionation of U from Th; (2} extent of association of U
with secondary alteration rfoduus; and (J) isotopic frach-
onation of U from iis Inng-lived daughters. Samples are from
the Bullfrog Member, Crater Flat Tull, and the Topopah
Spring Membes.

483 Zimmerman, R. M., 1982, Preliminary de-
sign and definition of fleld experiments for welded
tuff rock mechanics program: Sandia Naitlonal
l.aboratories report SAND-81-1972, Albuquerque,
NM, 38 p.

The preliminary design contains objectives, typical ex-
periment layouts, definitions of equipment and instrumenta-
tion, test matrices, preliminary design predictive modelin
results for five experimenis and a definition of the G-Tunne
underground {acility.

484 2immerman, R.M., 1983, First phase of
small diameter heater experiments In tuff: 24th
U.S. Symposium of Rock Mechanfcs, College Sta-
tion, TX, June 1983, p. 271-282.

Small diameter heaters were installed in Ul2g tunnel
within Rainler Mesa in order 10 assess the thermal and
hydrothermal ellects of heat, similar 1o the type produced by
decaying nuclear waste, on welded and nonwelded tuffs.
Computed results indicate that the same heat transfer model
(Inctudes conduction and radiation only) can describe the
tbehavior of both welded and nonwelded tuffs using empirical
fechniques (0 describe pore-water vaporization. Hydrother-
mal measurementis revealed heat-induced water migration.
Results indicate that smatl amounts of liquid water migrated
into the welded-1uff borehole early In the heating period.
Once the rock-wall temperatures exceeded 94°C, there was
mass transpott of waler vapar to cooler 1 gions.

4ns Zidimerman, R.M., Deliman, R.A. Jr.,
and Mann, K.l.., 1987, Analysis of drift conver-
gence phenomena from G-Tunnel welded tuff min-
ing evaluations: Sandla National L.abaoratories re
port SANDRE-2IRIC, Albuquerque, NM, 18 p.

This paper discusses the results of verstical and honzon-
tal drift convergence measurements taken durin*lhe mining
of & repository-sired dtifl in welded twif in G-Tunnel. Re-
sults are quantified In terms of drift convergence magnitudes
and rates that relate 10 drift stabdility.

"e Zimmerman, R. M., and Blanford, M.L..,
1436, F.xpectced thermal and hydrothermal environ-
meuts for wasie emplacement holes based on G-
Tunnel hester experiments: Sandia National
l.aboratorics report SANDSS-0123C, Albuquerque,
NM, 9p. .
The focus of this paper is 1o present the results and
evaluations of the expeniments as they apply 10 improving
Rndiclhe capabilities. The thermal aspects are emphasized
y comparing the measured icmperatures with calculabons
of pred.-ted temperatures using numencal modcls, so that
the effccis of signilicani parameters can be evaluated and in-
tegrated inin future predictive models.

487 Zimmerman, R.M., and Board, M.P.,
1984, Ambient temperature testing of the G-Tun-
nel heated block: Sandia National L.aboratories re-
port SANDR3I=2IR7C, Albuquerque, NM, 15 p.

The purposc of the ambicnt temperature testing phase is
to evaluate rock-mass mechanical properties of a tulf block
under biaxial stress changes up 10 7. S M Pa above an inttiati-
zation ta situ value of 3.1 MPa. Results indicate that the
modulus of deflormation ranges from 9.7 to 17.0 GPa and
Poisson’s ratio ranges from 0.21 10 0.3). Other measure-
menis indicated that cross-hole compression-wave veloci-
ties and single-fracture permeability values were relatively
insensitive to stress changes above the in sitw value.

48R Zimmerman, R.M., and Finley, R.E.,
1987, Summaeary of geomechanical measurements
taken In and around the G-Tunnel Underground
Facility, Nevada Test Slte: Sandia National l.abo-
ratories report SANDS6-1015, Atbuquerque, NM
A summarty of field and su ponlnblnhornovy data ¢col-
lected in and around the Ci-Tunnel Underground Facility

-(GTUF) s presented. The GTUF Investigations included -
. renme-mechnniul measurements covering: in situ stresees,

mact rack and joint-slip stirengths, rock-mass deforma-
tienal behavios, tock- mass thermal and thermomechanical
properties, and rock-mass bchavior associated with rock
dewatering and fracture flows,
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489 Zimmerman, R.M,, Nimick, F.B., and
DBoerd, M.P., 1984, Geoengineering characleriza-
tion of weided tuffs from laboratory and fleid in-
vestigations: Sandis Natlonal l.aboratorics report
SANDS4-1147C, Albuquerque, NM, 12 p.

Because access into Yucca Mountain has been limited

10 borehole explorations, early geoengineering materials .

characterization has been derived from laboralory 1esis on
cores from Yucca Mountain and from laboratory and field
tests on welded tuffs located in G-Tunnel at Rainier Mesa.
G-Tunnel contains welded tuffs that have simtlar properties
and stress states 10 those at Yucca Mountain and has been
the location of in situ rock mechanics testing. The purpose of
this paper is 10 summarize the geoengineering material prop-
erty data obtained to this date and to compare appropriate
Jaboratory and field data from G-Tunnel to findings from
Yucea Mountain. Geomechanical and thermal data are pro-
vided and are augmented by limited hydrologic and geologic
data. A comparison of laboratory data indicates good agree-
meni between the bulk densities, saturations, moduliof elas-
ticity, Poisson's ratios, and P-wave velocities. The GG-Tun-
- nel il has slightly lower thermal conductivity, lensile
strength, compressive sirength and slightly higher martrix
Bermeahml than does the Topopah Spring member of the
aintbrush Tuff at Yucca Mountain. From a labnrntory to-
ficld scaling perspective, the modulus of deformation «huws
the most sensitivity to ficld conditions because ol th- pies-
ence of the joints found in the held.

490 Zimmerman, R M., ¢t al,, 1985, Thermal-
:}ycle testing of the G-Tunne! heated block: 26th

.S. Symposium on Rock Mechanics, Rapid Clhiy,
SD, June 26-28, 1985, p. 749-759.

A rock mechanics field investigation was undcriakenin
U12g tunne} where tulfs similar to those in Yucca Mountain
are found. The objective of the heated block expetiment is to
evaluate rock mass thermal, mechanical. thermomechani-
cal, and hydrothermal responses on a relatively large scale
under controlled stress and temperature conditions. The re-
sults indicate the thermal expansion cocllicient for constant
siress temperature increases had a range of 5.0 10 8.0 times
10~%/°C and compares well 10 laboratory data  Single frac-
ture permeabilitics were relatively insensitive to siress and
slightly insensitive 1o lemperature increascs under represen-
tative 1 srtu conditions. The measuremenis range from 49 1~
956 times 10°" cm? Moisture contenis vaned from £$.7¢%

saturation befors heating 10 15% alier healing. A pro-
nounced temperature dependence was noled above 90°C.

491 Zimmerman, R.M., et al., 1986s, Finalre-
port— G-Tunnel heated block experiment: Sandla
National L.aboratories report SAND84~ 2620, Albu-
querque, NM

A heated block experiment was conducied in G-Tunne)
on the Nevada Test Site to provide input for evalualing the
adllity of similar jointed welded tulfs 10 contain radioactive
wastes. The heated uivck experiments included tests 1o
cvaluate the behavior of tuff under higher than ambient
siresses and temrenluns. Field data were collected on ther-
mal, mechanical, thermomechanical, and h(‘drolo;k prop-
erties of tufl. The experiment, together with laboratory tests
on twff, provides information that increases the levels of con-
fidence and accuracy when extrapolations are made to a
full-scale repository a1 Yucca Mountain.

492 Zimmerman, R.M., et al., 1986b, Nevads
nuclear waste storage Investigations project; G-
Tunne! emali-dlameter heater experiments; final
repoit: Sandla Nationa) Laboratories report
SANDKI-2621, Albuquerque, NM, 235 p.

De-igners and analysts of radioactive wasie repositories
must be able 1o predict thermai and hydrothermal behavior
of mff: | heretore, three heater experiments were conducted
in both welded and nonwelded tuifs, using a small diameier
(10.2 c¢n) heater. For two experimenis, the heater was
orientated vertically in fraciured welded wif and in unfrac-
tured non-welded tuff; horizontal heater orientalion was
used in fractured welded wif. The major focus of the experi-
ments was on evaluation of numerical model applications,
emphasizing thermal properties. the sccondary (ocus was on
hydroth2rma! measurements and evaluations.

493 Zimmerman, R.M.. and Vollendorf,
W.C., 1982, Geotechnical fleld measurements— G-
Tunnel, Nevada Test Slie: Sandia Nattonsl l.abo-
Z;wrlrs report SAND-81-1971, Albuquerque, NM,
-7 P. -
The FY81 geotechnical measurcments focused on
boreaole measurements in the Grouse Canyon welded (uff in
G-Tunnel on the Nevada Test Site. These geotechnical
mcasurcmenis were laken to- establish baseline reference
field d~ta, and gain fick! testing expenence in welded tull

ADDENDUM

494 U.S. Lnergy Rescarch And Development
Administration, 1977, Nevada Test Site final nvi-
ronmental Impact Statement: Fnergy Rescarch
and Development Adminisirstion report 1551,
NTIS, Springfieid, VA,

Environmental and Historical use {or the entire Nevada
‘;‘csl Site is summanzed in accordance with CFR 10, pan

11.

498 ficatley, J.C.. 1976, Vascular plants of the
Necvada Test Site snd central-southern Ncvada:
'Jl‘;chnlcnl Information Ccnter, Springfieid, VA,
8 p.
Plant communities. their distribulion and occurrence,
are discussed for central-southern Nevada.
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