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Mr. Donald L, Vieth, Director PDR

Waste Management Project Office
Department of Energy

Nevada Operations Office

P.0. Box 14100

Las Vegas, NV 89114

Dear Mr. Vieth:

LY

Enclosed 1s a copy of the meeting summary prepared by the U.S. Nuclear
Regulatory Commission (NRC) staff following fts site visit and meeting
with the U.S. Department of Energy (DOE) staff on May 17-19, 1982,

The visit provided the NRC technical staff with an excellent opportunity
to review the scope of the siting investigations at the Nevada Test Site.
Considerable amounts of technical information were obtained that will be
useful in preparing for review of the Site Characterization Report for
the Yucca Mountain Site. Hopefully, the observations made in the trip
report will prove useful to the DOE staff and its contractors.

As 1s noted in the meeting summary, the scope of the May meeting was
planned to be quite broad even though that resulted in some sacrifice of
depth of dicussion. In setting up the May meeting, DOE and NRC agreed
that future meetings would be more focused and 1imited to specific topics
and issues so that an opportunity would be provided for detafled
discussion and review of data and bases of interpretation. The meeting
summary fdentifies a number of questions to be considered at such
follow-up meetings.

Also enclosed 1s a systematic 1ist of site and design suitability dissues
prepared by the NRC staff. The 11st 1s advanced as a basis for dfalogue
between DOE and NRC with the objective of reaching convergence of views
on the issues at the Yucca Mountain site. Transmittal of the issues 1ist
closes one of the action items 1isted in the meeting summary.

I wish to thank your staff for their time and cooperation in connectfon
with visit. 1 will contact you regarding follow-up to the May meeting
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ST37 00 - and would be pleased to discuss any of ‘the details of the meetlng summary
SO or Tist of fssues with you.

L Sincerely,

R OhoCLl D SiGuw BY

VR T e ©  Seth M. Coplen

i R H?gh-Level Waste Technicdl
mEO L Development Branch

ERTR - - e : Division of Waste Management
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‘SUMMARY OF NRC-DDE MEETING
7 MAY 17-19 1982
LAS VEGAS, NEVADA

- on° May 17 through-Hay 19, 1982 HRC staff and consultants met in Las
Vegas, NV with U s. ‘Department of Energy (DGE) staff and contracgors.
Hay 175 was devoted ‘to a tour of the Nevada Test Site (NTS) that included -

Et: -stops at. the ¥ucca Mountain’ Site. G-Tunnel, and the core Tibrary. On Hay

IB and 19, meetings were held at DOE's office. The purpose of the site
visit~and ngetings was to bring NRC up to date on the status of the
Nevada Nucteap Waste Storage Investigations (NNWSI), to allow for &
technical exchange concerning those fnvestigations, and to discuss
questions concerning the scope and Tevel of detatil of the Site
Characpenizepjon Report.(scn)

‘ “Included - 1n”éne‘NRc group were Lawrence Chase, Seth Coplan, Hubert
- -Mitier. Peter Ornstein,, Martha Pendleton, T{lak Verma, and Robert Wright

“of the NRC staff Clarence Babcock of the U.S. Bureau of Mines, Adrian
arown of Go]der Associ&tes Inc., Robert Cranwell, Robert Guzowski, and
Malcolm Siegal ‘of-Sandia National Laboratory, Martin Mifflin of the
Desert Research -Institute, . Benjamin Ross of Geotrans, and Danfel Sokol

of Internat1onal Engineering Company, Inc. :

Included in the DOE group were Carl Cooley, Victar Oer, Mitchell Kunich,
‘Raiph Richards. J. Rinaldi, and Dave Squires of DOE, David Bish.

-Peter Bussolini, Bruce Crowe, Bruce Erdal, Wes Myers, Allen Ogard,
Robert ﬁundberg. Bryan Travis, and Kurt Wolfsburf of Los Alamos Nat{onal
Laboratory (LANL), J. P. Brauner, L. S§. Costin, Keith Johnstone,

R. C. Lincoln, James Neal, G. Rudolpho, Lec Scully, Scott Sinnock,

Joe Tillerson, and Lynn Tyler of Sandia National Laboratories (Sandia),
W. J. Cafr. G. L. Dixon, Eugene Rush, Rick Spengler, Peter Stevens,
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Rickﬁthell. and w. E. Hilson of the U.S. Geological Survey (USQSI;

' ;‘Laureen Oolan and Zubair Saleem of Ebasco Services Incorporated;. ﬁ* G!ara
-, Of ONI, Lawrence Fitch of Rockwell, ar2 L. 0. Ramspott of Lawrence
1,'fL1vermnre Ngtional Laboratory (LLNL)

- "'The May meeting was the most. recent in a contfnuing series of pfe*SCR
"';_ {nteractions betweén NRC and DOE regarding the NNWSI. These pre-SCR '
. interactfons are fntended to assure that all of the significant fsaues
-7 7.are raised-edrly o that they can be adequately addressed by the DOE
?*?;'program. _In:February, 1981 an NRC group visited the NTS and met with DOE

and {3slc9ntractors, Again in August, 1981 an NRC group attended the DOE

"'Peer Review Heetfnq as observers. As a result of these visits and

ueet{ngs. nnc fdentified several key questions that would need to be
addressed in a tecense application and started a series of follow-up
,activigies that are intended to keep NRC informed of DOE's progress in
preparing for submittal of the SCR.

zaégayse it ﬁi&-bsen,ovav a year since the last NRC-DOE meeting on tha

NNWSI, ft wis planned that the scope of the May meeting would cover the
full.range of topics of concern to NRC even though depth of discussfon
mtghf heﬁsacrtfféed*in some instances. It was agreed between DOE and. NRC

- that future neetings would be more focused and limited to specific topics
and {ssues, Such follow-up meetings provide an apportunity for more
" detailed discussion and review of data and bases of interpretation.

based on the'information presented and the discussians at the:May
meeting, a number of questions have been {dentified as subjects for
follow-up meetings. The most significant arising from the meetfng are
the following:

¢ ' What is the groundwater flow system in the tuffs at Yucca
Mountain? '



';Altbouﬂh there s a general understandfng of the regignal
_hydroloqy-and the saturated tuffs near the Yucca Hountain gsite

CAn. yiaid useable amounté of water, there is not a gaod

o nﬂdergtandfng of the hydrology at Yucca Mountain. In -

| ‘;Dﬂfticular, it {5 not yet clear what the groundwater flow paths .

and’ floﬁ rates -would be from a-repository at the Yucca Mountain
"iite tﬁ the accessible envivonment.

' Ag{rgpositony depth and temperature what is the strength of the
" . tuff and will the strength of the tuff be adequate?

. '.1u1f is by'nature a heterogenous rock that exhibits substantiatl
-:vivdability in its strength properties. For example, some

_"ﬁiasured values of strength in one potential host rock
;g(Butifrﬁg tuff) may be too low to allow construction of a

repository with conservative safety factors. Similarly, the
Topopah Spring unit (another unit that has been under

-cunsideration as a host rack) s, in places, so highly
'fractured that its vock mass strength may be of concern.

) thtzphysical processeﬁ will govern the behavior of a

raépository {n unsaturated, fractured tuff?

-

What factors should be used in characterizing unsaturated

 fractured tufrf?

The unsaturated zone is under serious consideration for hosting
a repository at the Yucca Mountain site. Hydrologic
characterization and modeling have been done for unsaturated
porous media at several locations off the NTS. However, there
has been no similar experience with unsaturated, fractured rock
anywhere. Therefore, there is question as to not only the
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physical processes that could affect release and transpart of

" ‘radionuci{des, but also the factors-that will be used in
" sicdeling of release and transport. The physfcal processes in
_’_ngéﬁ{qé'gre'thosg that would affect groundwater flow,
. raglonuctide transport, rock strength, and waste package
Antegrity. These questions could become central if a
'reﬁqgitory-horizon were chosen in the unsaturated zone.

Addj;ionaijand more specific related questions are as follows:

How do faults and other structural features affect the flow
system?

iRecﬁnnaissance Tevel information (principally head data)

suggests that for the most part 1ithologic strata are not a
primary control of groundwater flow at the Yucca Mountain site.
Instead zones of fracturing that cut through the Tithelogic
units may fnterconnect them and serve as the principal pathways
for groundwater flow.

Does the graundwater flow system in the tuffs at Yucca Mountain
communicate with a deeper regional groundwater flow system that
could provide a relatively fast pathway:to the accessible
environment?

. In much of the NTS region, a sequence of Paleozoic carbonate
- rocks underlies the Tertiary tuffs and is a regional aquifer.

In places, {t has been observed that solutfoning has created
relatively fast groundwater pathways in the carbonate aquifer.
If significant communication exists between the Yucca Mountain

‘tuffs and the carbonate aquifer, a, relatively fast pathway
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could be provided between a repository and the accessible
environment. '

ﬁhgt fs the discharge area and chemistry for Yucca Mountain
groundwater?

Knowledge of the discharge area and chemistry are needed to
provide independent calibrations for the groundwater flow
model.

What is the status of the conceptual repository design?

10 CFR Part 60 requires that a conceptual repository design be
described in the SCR in sufficient detafl to allow

. identification of issues; specifically, what is to be tested

for and whether the plans for testing are adequate. As yet,
the conceptual desfgn is at the earliest stages of development.

What is the potentfal for disruption of a repository at Yucca
Mountain by fault movement, earthquakes, or volcanism?

The Yucca Mountain site is located in a regfon that has
experienced faulting and volcanism in tﬁe relatively recent
geclogic past. Volcanism has occurred near Yucca Mountain {n
Crater Flat during the Quaternary. A number of faults in and
near Yucca Mountain are of undetermined age of last movements.
10 CFR Part 60 requires that quaternary faulting and volcanism
be evaluated as they may relate to repository performance.
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Structure of Report

This report is structured in terms of three main sections: (A) Progress

in the Technical Investigations; (B8) Content of the SCR; and (C) Action
Items.
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A. Progress in the Technical Investigations

Background

Yucca Mountain §s composed of a series of north trending and cast t{Jting
structural blocks bounded by Jackass Flat on the south and east, by

Crater Flat on the west, and by Beatty Wash on the north (Figure 1). Steeply
dipping north-south trending faults, estimated as Tertiary in age, bound

Yucca Mountain on the east and west flanks. In the vicinity of Yucca
Mountain, generalized stratigraphy consists of a basement of folded
Precambrian and Paleozoic sedimentary rocks gverlain by a thick sequence

of Tertiary and Quaternary volcenic rocks which are, in turn, overlain by
discontinuous late Tertiary and Quaternary alluvium (Figure 2).

A Paleozoic carbonate aquifer underties th: volcanic rocks in parts of

Southern Nevada. This regional aquifer is known to be fractured and to
have developed solutfon channels in places. Borings to a depth eof 6000
feet at Yucca Mountain have not encountered this regional aquifer.

In general, there is no apparent spatial correlation of hydraulic
conductivity with lithologic units in the tuffs at Yucca Mountain (with
the exception of the Topopah Spring). This results in a lack of
hydrostratigraphic units complicating the hydroge&logy. Preliminary data
suggests that fracturing is the principal control of graundwater flow in
the tuffs.

Geologic and Hydrogeologic borings for NNWSI in the vicinity of the study
area have penetrated up to 6000 feet of thick Tertiary tuffs and
Quaternary alluvium (Figure 3). A stratigraphic column is shown in
Figure 4 and a generalized stratigraphic cross-section, NW to SE through
Yucca Mountain, is shown in Figure 5. Based on limited borings, the
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tuffs appear to be relatively uniform in thickness and gently dipping (4°

to 79,

A repository horizon has not been selected yet. Tuff units currently
being considered as a potential host rock fnclude, in order of increasing
depth the Topopah Spring Membsr of the Paintbrush Tuffs, the Calico
Hills, the Bullfrog Member and the Tram unit of the Crater Flat tuff, and
the Lithic-Rich tuff. The Topopah Spring Member is unsaturated, densely
welded, and devitrified. The Calico Hills is unsaturated, non~welded,
and zeolitized. The Bullifrog Member is saturated, partially welded and
devitrified. The Tram and Lithic-rich tuffs are saturated, partially
welded, and zeolitized. Analyses leading te a choice of repository
horizon constitute a major activity in the NNWSI.

The two day technical discussions centered an questions regarding
hydrogeology, repository design, geologic stability, and geochemistry.
These questions and summaries of the reilated discussion are presented in
the following paragrapﬁs.

1. Saturated Zone Hydrogeology

Although there is a general understanding of the regional hydrolegy and
the tuffs near the Yucca Mountafn site can yield-useahle amounts of
water, there is not a good understanding of hydrology at the Yucca
Mountatn site. In particular, it is not yet clear what the groundwater
flow paths and flow rates would be from a repository at the Yucca
Mountain site to the accessible environment. In this connection, the
following questions are significant:

o What is the flow system in the tuffs?
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0 How do Taults and other structural features affect the flow
system?

[\ Does the flow system in the tuffs communicate with a deeper
regional flow system that could provide a relatively fast
pathway to the accessible environment?

0 What {s the discharge area for Yucca Mountain groundwater?

Flow System

The first three questions are related and are, therefore, conveniently
discussed- tagether,

Status

The investigations to determine the groundwater fiow system in the Yucca
Mountain tuffs are beiﬁg conducted by the USGS. Althaugh the
investigations are still at a relatively early stage, a general picture
of the saturated zone hydrology has begun to emerge.

The exploratory program is based primarily on boreholes (Table I}, of
which some are cored (geologic boreholes) and the, rest used primarily for
hydrologic testing (hydrologic bareholes). So fé}, all boreholes have
been located on the site periphery (Figure 3). A1l together, there are
five hydrclogic boreholes and a larger number of geologic boreholes. The
well tests and other investigations have provided a data base that now
consists ouf static water levels in open wells at about ten locations
(Table 1), water level contours, determinations of bulk permeability,
measurements of hydraulic head, analyses of water quality samples, and
detailed geologic maps and cross sections.
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Based on these data, USGS has drawn the following tentative
@nterpretations concerning the site hydrology:

1. there is a small amount of recharge into the tuffs at the Yucca
_ Montain site;

2. with the exception of cne borehole (G-2), a regionally uniform
position of water levels seems to exist. The one anomalously
high observation (approximately 300 m) may be the result of any
of several hypothosized conditions. The two considered most
likely by USGS are (1) the possibility that the interstitial

' pore spaces in the rock were partially clogged by the use of
mud in drilling the well and (2) a fault that acts as a
groundwater barrier is located between the anomalous
observation and the remaining observations;

3. groundwater at the site moves in a generally southern
direction;

4, groundwater flow may be controlled primarily by structural
features . Fractured, welded 2zones in the tuffs may be
hydrostratigraphic units that conform to the geologic units *

*Well J-13, which is located near the site, in a saturated portion of the
fractured Topaph Spring tuff, produces 600 gpm.
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Plans

but, fn general, the geologic -units do not appear toc be a
principal control of groundwater flow. Instead, zones of
fracturing that cut through the geologic units may serve to
interconnect these units and provide the principal pathways for
groundwater flow.

the hingeline fault that forms the western boundary of Yucca
Mountain may act as a groundwater barrier;

Concerning the question of communication between the flow
system in the tuffs at Yucca Mountain and the deeper, regioral
flow system (carbonate aquifer), significant communication
appears unlikely. First, wells as deep as 6000 feet have not
intercepted the Paleozoic carbonates. Thus, the regional
carbonate aquifer may not be present under Yucca Mountain.
Second, even {f the carbonate aquifer is present under yucca
Mountain, significant communication seems improbable. In that
case, the carbonate aquifer would be at least 6,000 ft. deep.
Also, while the preliminary head measurements from various
depths suggest that head decreases with depth, thick sequences
of rock that appear to have low permeability occur between the
shallow saturated tuffs and the pre-ter}iary rocks.

Investigations that are now planned by USGS are intended to further test

these tentative interpretations.

Yo produce more detailed determinations

of permeability, measurements of heads, and analyses of water chemistry,

USGS plans to retest selected hydralegic boreholes.

To determine whether

the anamolous fluid potential observation in G-2 is accurate, this
borehale will be cleaned out and retested. - To further define the effect

of the Yucca Mountain hingeline fault on groundwater flow, two new
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hydrotogic boreholes will be drilled to the west of the fault. The
planned wells would be used to determine permeabilities and to measure
heads and water level.

Two planned investfgations would bear on the question of communication
between the flow system in the tuffs and the deeper, regional flow
systes. First multiple completions would be performed in one of the
existfng hydrologic holes ta allow determinations of head as a function
- of depth, Second, there is a tentative plan to drill and test a well,
east of Yucca Mountain, that penetrates the pre-Tertiary rocks. .

Observations and Actions

In general, USGS regards the data accumulated so far as too preliminary
for distribution because ft has not bedn through full internal review.
tonsequently; the NRC group was provided only with copies of the water
fevel data and an opportunity for cursory examination of water level
contours, detailed geologic maps, and cross sections. Determination of
butk permeability and water chemistry were not made available to the HRC
group. Néevertheless, the NRC group did make some specific eobservations
concerning the program of investigations presented. These are discussed
in the paragraphs below. .

Both the completed and planned ¥nivestigations have been conducted
according to a strategy that includes reconnaissance level testing in
boreholes followed by evaluation ef data collected to develop an overview
to use in planning additional detailed testing. The strategy alsc allows
assimilation and evaluation of data obtatned from one well before making
a final decisionh on the location and purpose of the next. The NRC group
was favorably impressed by this strategy. Also, the NRC group considered
that the completed and ptanned investigatiéns appear to address the rig't
issues and that the planned investigations seem to follow logically from

. - N svee e e em e s - P b sy oo s e
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the tentative fnterpretations that have been reached by the USGS. This
observation, however, is tentative because %elatfvely few data were made
evaiiable for review by the NRC group.

The distribution of subsurface data on hydraulic parameters and on
fracture density and distribution seems tuo localized in Drill Hole Wash,
which may be structurally controlled. Concentrating subsurface data
collection within the wash without systematically doing the same in the
adjacent araas may bias the fracture occurence data, This is important
because the data base developed from pump tests and other hydrolog%c
‘ tests suggests that permeable zones may not correlate directly to
stratigraphic units within the tuffs. Therefore, establishing how
fracture permeability varies within and beyond the structurally disturbed
zones should be an important data collection objective. These fracture
data are important for characterization of both the saturated and
unsaturated- zone.

There was considerable discussion of a methadology tc determine the
absence or presence of a vertical component of flow in the tuffs of Yucca
Mountain. Whether such a component 1s present bears on the important
qﬁestion of communication between the flow system in the tuffs of Yucca
Mountain and a deeper, regional flow system. Three bas{ic approaches
(variations of packer and dr{ll stem tests, multfb?e completion of
several zones within one borehole, and more than one borehole) were
discussed. Current plans would include muitiple well complietion with as
many as five pipes in a single drilled hole. Although this type of
completion has been successful in some sftuations, the NRC group thought
that it may encounter some difficulty at Yucca Mountain because of
relatively low permeability, ranging from 10"4 cm/s to loflo cm/s, of the
formations. If water levels and water quality were observed to be the
same in adjacent zones or aquifers, the results would be uncertain
because of the possibility that the cement seal between zones was not
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effective. In low permeability rocks, the integrity of the seals cannot
be verified effectively because the permeability of the seals may he of
the same order of magnitude as that of the rocks.

The NRC group favored an approach that would use two separate boreholes
closely adjacent to one another, but drilled to significantly different
depths into the saturated zone. This would require only one more
borchole next to an existing borehole, or for greater confidence, two new
boreholes next to two existing boreholez., This approach would alsoc allow
for developing evidence as to the local lateral variation in permeability
within the common zone of penetrated saturation in the adjacent boreholes
and perhaps allow for tests of vertical permeability.

2. Regional Flow System

The remaining question in the area of saturated zone hydrogeology that
was addressed at the meeting pertains to the regional flow system and is
concerned with the discharge area for Yucca Mountain groundwater.

Status

The current regional investigations are being conducted by USGS and are
an extension of more than 20 years of previous work in studying the
regional hydrology. A regional model will soon be published by USGS that
will provide a basis for understand ng the hydrological processes at both
a regional and local scale. The conceptual model that «4il] be developed
by the USGS will provide input to the performance assessment modeling
that will be developed by Sandia.

The USGS interpretation of the regional flow system is based on water
level contours developed principally from pre-existing well data
According to the regional model, groundwater at the Yucca Mountain site
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flows in a generally southern direction to a discharge area at Alkali
Flats and Furnace Creek Ranch in Death Valley (Figure 1), but several
factors lead to a degree of uncertainty in the flow lines. In essence,
these factors are that (1) structural features may result in flow lines
that are not nermal to equipotential 1ines; (2) the contours are based on
water levels that were measured independently and over a perfod of many
years, and (3) 1f hydrostratigraphic zonation is present, water levels in
different zones may inadvertantly have been used to construct the
contours.

Plans

USGS pians call for investigations that should define the regional flow
system more precisely. Under these plans, the data from alder wells
would be re-evaluated, new data from exploratory wells at the Yucca
Mountain Site would be added to the data base, and some additional wells
would be drilled between the Yucca Mountain site and the probable
discharge area at Alkali Flats and Furnace Creek Ranch.

Observations and Actions

It was the impression aof the NRC group that the USGS seems to have a
clear understanding of the limitations inherent iﬁ the existing regicnal
flow model and that the additional investigations planned by USGS are
appropriate. However, because the data on which the regional model is
based were not made available for NRC review, NRC must reserve judgment.

3. Characterization of the Unsaturated Zone

A repository horizon has not yet been established. Included among the
formations that are still under consideration are two fractured tuff

formations that are in the unsaturated zone. While hydrologic
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characterization and modeling have been done for unsaturated, porous
medfa, there has been no similiar experience with unsaturated, fractured
media anywhere. In this regard two questions are significant that were
discussed during the meeting.

o What physical processes will govern the behavior of a
repository in unsaturated, fractured tuff?*

0 What factors should be used in characterizing unsaturated,
fractured tuff?

Status

Groundwater flow provides the most 1ikely vehicle for radionuclide
transpart to the accessible environment. Thus, a repository constructed
in the unsaturated zone would appear to be able to isolate vradionuclides
more readily than ane constructed below the water table. The water table
at the Yucca Mountain site is approximately 600 m. below the ground
surface, deep enough to permit consideration of a repasitory in
unsaturated rocks.

Interest in the potential for constructing a repository in the
unsaturated zone at the Yucca Mountain site has developed only recently
and is based on broad, general considerations. Accordingly, detailed,

*At the meeting, the question was dicussed only in the context of
hydrogeology, however, the concern is broader. Specifically, those
physical processes that would affect rock strength, radionuclide
retardation, and waste package integrity are also of concern.
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site specific investigation of the unsaturated zone 1s still at the
planning stage. As yet, no tests have been run in the unsaturated zone
and the important hydraulic parameters remain to be identified and

" measured.

Sandia has the lead responsibility for performance assessment at NTS.
Performance assessment modeling of the unsaturated zone is still in the
planning stages. Computer codes which could be used in the modeling are
in various stages of development. The two codes receiving the most
attention are MARIAH (SAT/UNSAT) for groundwater flow outside the
repository and TRACR for regional transport. When completed, they will
be used to mode) the unsaturated and saturated portions of the repository
block and modal the regional flow and transport.

Plans

USGS is preparing a proposal to DOE for characterization of fractured,
unsaturated tuff at the Yucca Mountain sfte. The proposal would include
two types of activity: - (1) investigations intended to develop an
understanding of potential release mechanisms and radionuclide transport
fn the unsaturated zone and (2) tests to determine the values of
significant hydraulic parameters. Only general plans for performance
assessment modeling were discussed during the meéiing.

There was considerable discussion of plans and methods for
characterizating the unsaturated zone at the Yucca Mountain site. During
these discussions, the NRC group described work that NRC is sponsoring at
the University of Arizona and an air-drilling technique that has been
used sucessfully by one of the NRC consultants in an unsaturated zone
study elesewhere.
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Observations and Actions

The NRC group agreed to send USGS a copy of the Statement of Work for the
University of Arizona project and more information on the air drilling
technique.

If a repository horizon were to be selected in the unsaturated zonie, the
questions discussed in this section could become central. Because of the
tack of experience 1n characterizing and modeling transpart in
unsaturated, fractured rock, an intensive program is needed to quickly
establish and characterize the hydrologic processes that could affect
waste "isolation in the unsaturated zone.

4. Paleohydrology

The hydrologic conditions at the Yucca Mountain site are, in part, the
result of the current arid climate. Since the climate has been less arid
at various times in the relatively recent past, similar conditions could
occur in the future. Therefore, the following question is of concern:

o How would hydrologic flow paths and travel times be affected by
a potential change to & less arid climate?

Status

USGS has investigated past changes in climate at the NTS on a regional
scale. Winograd and Doty (1980) evaluated the Quaternary fluctuations of
the water-table in the NTS region using modern and fassil spring
deposits. Subsequent unpublished investigations include studies of
organic matter found in rat middens that could be related to specific
climate conditions at a variety of locations. An unsuccessful study of
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mineralization in alluvium was also performed in an attempt to identify
past climatic conditions. Based on these investfgations, USGS has
concluded that while thc water table might rise, future changes in the
groundwater flow system that could significantly affect repository
parformance are not 1ikely to occur as a result of changes in climate.

Plans

Paleohydrologic studies to date have emphasized regional climatic
condftions. To obtain site-specific paleohydrologic data, the USGS plans

to attempt a detailed mineralogic study in the tuffs at Yucca Mountain to
obtain site-specific paleohydrologic data.

Observations and Actions

The NRC group is concerned that the regional nature of the earlier USGS
investigations may 1imit their applicability to the Yucca Mountain site.
The NRC group agrees with USGS that a site-specific paleohydrologic study
should be attempted at the Yucca Mountain site. 1In addition to the
planned study, an attempt should be made to identify and examine other
site specific data, such as rat middens in forty mile wash, to supplement
the regional observations.

§. Conceptual Design

Many of the considerations that would be key to determining‘whether a
repository located at the Yucca Mountain site would be ticensable are
closely related to the design of the repository.
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Status

Sandia 1s the responsible DOE contractor for repository conceptual design
studies. LANL is responsible for:development of the conceptual design
for an exploratory shaft.

The nature of the design and the rate at which it can be developed are
closely linked with the geotechnical testing program, being conducted by
Sandfa. Testing to date has consisted of laboratory tests performed on
core taken from the geologic boreholes and in~situ tests being performed
fn G-tunnel at Ranfer Mesa. Laboratory tests have been performed on core
from two wells and have providad preliminary data on strength, creep, and
thermal behavior of the Yucca Mountain tuffs. (Results are described
under the topic of Rock Mechanics in Section 6 below).

Heater tests are underway in G<tunnel. The tests indicate that the tuff
begins to dehydrate at temperatures as low as 100°C. The released water
condenses in the cooler places in.the emplacement hole and if
permezbility is low encugh, may stay in the hole and “"wet" the waste
package.

A final conceptual design for an exploratory shaft has not yet been
developed by LANL. However, it is expected that ihe inner diameter of
the exploratory shaft will be about 98 inches and that the shaft would be
sunk near the center of the reposfitory block to maximize the area that
can be characterized from the exploratory shaft. HNo determinatfon has
been made as to whether the shaft will be bored or sunk conventionally.

Because no specific repository horizon has been selected yet and because
the geatechnical data base is still somewhat limited, the conceptual
design is in the earliest stages of development. In that context,
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however, Sandia did describe a number of {deas that indicate what design
approaches are under consideration. '

Two alternative concepts were described for waste emplacement. Under the
first concept, waste packages would be emplaced in vertically augered
holes in the emplacement room floors. The areal heat density (50-75
KW/Acre) would be such that if retrieval were necessary, repasitory room
temperatures could be reduced to 40°C in about four months.

Under the second concept, paralliel pairs of drifts slightly inclined to
be self draining and separated by perhaps 600 feet, would be connected by
a sat of hcles drilled normal to the drift direction. Waste packages
would be emplaced in a horfzontal position in the drilled holes. 8ecause
of the spatfal isolation. of the waste packages from the drifts, drift
temperatures would remain at working levels up to 50 years. No decision
regarding waste package emplacement concepts has been made.

Plans

The effort directed at development of a conceptual design for a
repository at the Yucca Mountain site is expected to remain at a
relatively low level until a repository horizon has been selected.
Consequently, no specific plans were discussed. ilsn. no specific plans
were discussed regarding further development of a conceptual design for
an exploratory shaft.

A series of in-situ tests is tentatively planned for G-tunnel., The test
series would include small diameter heater tests in both welded and
non-welded tuff. In addition, heated block, unit cell, and other tests
would be performed in welded tuff to investigae stresses and
thermo-mechanical behavior. Sandia expects' that the data from these
tests will provide (1) an improved understanding of the coupled thermal,
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mechanical, and hydrothermal phenomena, (2) at. least a partial basis for
" evaluation of models, and (3) a means to enhance its insturmentation,
monitoring, and data collection capabilities. In these three ways, the
planned test series would be expected to provide input, in varying
degrees, to the selection of a repository horizon, locatfon of an
exploratory shaft, waste package design, repository design, and site
characterization.

Observations and Actions

The conceptual design effort and the test program appear to be well
integrated. However, one consequence of having the design effort move
apace with the test program is that it seems doubtful that a full
concéptua] design will be completed in time for fnclusion in the SCR. 10
CFR Part 60 requires that the SCR include a description of the conceptual
design in sufficient detail to allow a review of the site
characterization investigations. This requirement is intended to allow
for identification of the issues; specifically, what has to be tested for
and whether the plans for testing are adequate. Thus, it is essential
that the NRC and DOE mutually establish what constitutes sufficient scope
and level of detail in the sections of the SCR that describe the
conceptual desfgn.*

6. Rock Mechanics

Measured strengths of some tuff horizons at the Yucca Mountain site
suggest that is may be difficult to construct and maintain stable, mined
openings. In this connection, the following questions are significant:

*A summary of discussion between DOE and NRC on this matter is provided
under the heading, "Content of SCR," below.
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o At repository depth and temperature, what is the strength of
the tuff and will the strength of the tuff be adequate?

o What 1s the stress field at the Yucca Mountain site?
Status-

The question of tuff strength was discussed only briefly. Sandia is
responsible for the laboratory test program. Strength tests have been
completed on core samples taken from two of the geologic boreholes (G-1
and UE 25 a-1). Samples of the tuff from four of the formations that are
under consideration as a potential repasitory host rock have been tested.
In well G-1 samples from Calico Hills, Bullfrog, and Tram tuffs have been
tested and in well UE 25a-1 the Topopah Springs, Calico Hills, and
Bullfrog tuffs have been tested. Most of the test results have now been
published in Sandia reports. Based on these data, Sandia has made a
number of observations. Among the more significant are the following:

1. the strength characteristics of the welded tuff are variable.
For example, tested samples of Bullfrog tuff from well G-1 have
exhibited unconfined compressive strengths that range from 4.63
to 153. MPa. The ultimate strength depends on the porosity of

the rock;

2. unwelded, zeoljtized tuff has a complex behavior: (a) it
contracts when dehydrated, and (b) when partially saturated,
3-4 preliminary scoping tests indicated its strength is
strongly temperature dependent (the strength of the tuff tested
from G-tunnel decreases by about 30-40% between 23°C and
200°C);
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3. the strength of devitrified tuff shows no temperatue dependence
(the zeolitized Calico Hills unit is a major exception); and

4. the presence of water is a significant factor in determining
the behavior of tuff. Specifically, water can weaken the rock
mass under a thermal load because of increases in pore pressure
and water may influence the creep behavior of tuff (there ‘s
roughly a 20X increase in strength of devitrified tuff upon
dehydration).

Stress measurements are being made by the USGS at the Yucca Mountain
site. To date, six hydrofracture tests have been completed at different
horizons in one borehole G-1. A}) six tests were conducted in the
saturated zone. The preliminary test results show a consistent trend in
agreement with normal faulting in the area (greatest compressive stress
N15°E). No stress results have been published yet and the preliminary
data were not made available to the NRC group,

A stress-relief test has also been performed in welded tuff fn G-tunnel
at & depth of 1400 feet. The stresses were found to be less than 1 Mpa
in one horizontal direction, 5 Mpa in the other orthogonal direction in
the horizontal plans, and 8 Mpa in the vertical direction. The weight of
the overburden and the measured stresses are in reasonable agreement.

Plans

Sandia is continuing the program of laboratory strength tests. Samples
of the Topopah Springs tuff from the well G-1 are now being tested. In
addition, as was described in Section 5 above, the program of in-situ

tests in G-tunnel is continuing.
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Observationc and Actions

This area is one in which NRC has expressed previous concern.
Specifically, some measured values of unconfined compressive strength in
Bulifrog tuff appeared to be too low to allow construction of stable
openings with conservative safety factors. 0Oata that were recently made
avaflable to NRC suggest that, in the Bullfrog unit, these low
measurements may be confined to the upper part of the unit; however,
until NKC has completed a more. detailed review of the data, it must
reserve judgment. Fewer data are available for other units under '
consideration as a potential repository host rock, but some low strengths
have been measured. In addition, the Topopah Springs unit is extensively
fractured in places so that there is some question concerning its rock
mass strength. The question of strength of the tuff at the repository
hortfzon remains open.

7. Geologic Stability

The Yucca Mountain sfte 1s located in a region that has experienced
faulting and valcanism in the relatively recent geologic past.
Consequently, a repository located at the Yucca Mountain site may be
particularly exposed to a variety of potentfally disruptive natural
events that could occur after closure. In this c%ntext. the following
questions are important:

] What is the potential for disruption of a repository at Yucca
Mountain by fault movement or earthquakes?

[} What is the potential for disruption of a repository at Yucca
Mountain by volcanism?

Faulting and Earthguakes
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Status

USGS 1s conducting a program to synthesize the chronology, style, and
rates of past tectonism in the vicinity of the Yucca Mountain site.
Generally, the program fnciudes geologic mapping, trenching of selected
faults, geomorphic studies, setsmicity studfes, geopb&sical surveys and
plans for a geodetic survey.

Mapping and categorizing of major faults in the NTS region is nearly
completed. A regional map of Quaternary faults that will include ' the NTS
{s being compiled. USGS §s also wqrgjng,cn 2 detailed geologic map of
Yuccd Mountain. Numerous faults with dispracments of less than two
meters have been mapped at the southeast end of Yucca Mountain. A few
faults have also been mapped in the potential repository block. The
mapped faults trend northeast and northwest and have not yet been
related to the regional tectonic setting. Preliminary evidence suggests
that the northwest trending faults and parallel fracture system may
attenuate with depth but this has not }et been established.

To establish the age of last movement of faults in the vicinity of

the Yucca Mountain site, USGS has selected several faults having
representative trends and old alluvial cover in the vicinity of Yucca
Mountain for trenching and is doing geomorphic stidies. Observations
made in trenches in Crater Flat suggest that the faulting to the east of
the Crater fFlat cinder cones may be related to past volcanism. Several
observations would tend to suggest a lack of recent fault movement. No
evidence of Holocene faulting has been found in any of the trenches. In
one trench in Crater Flat, a radiometric age of approximately 1 million
years before present on volcanic ash indicates that there has been no
adjustment on the fault in the last million years. The geomorphic
investigations have found that lineaments-in the alluvium are uncommon

and scarps are generally subdued.
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Seismicity studies fnclude the cataloguing of historical earthquakes and
fnterpretation of the seismicity in the context of mapped geologic
structure. The historic earthquake activity seems to be concentrated on
northeast trending faults.

Plans .

Present plans call for continuation of the mapping, trenching, and
seismic monitoring. A third program of seismic reflection surveying will
continue into this year. As it {s now planned the program will use
significantly higher energy sources than were used in a previous
unsuccessful programs. This program is a last effort to resolve or at
Jeast identify the probiem in resolving reflectors. If this attempt
proves successful, USGS plans to traverse Yucca Mountain. A geodetic
survey covering Yucca Mountain and vicinity will also be started this
year.

Observations and Actions

The USGS program to synthesize the chrenology, style, and rates of past
tectonism seems to be generally well conceived. This observation is
tentative, however, because most of the data summarized by USGS during
the discussions were regarded by USGS as prelimingry and not made
available for review by the NRC group. Although no recent fault movement
has been found in the vicinity of Yucca Mountain by the investigations to
date, it has not been established that the faulting is pre-Quaternary.

10 CFR Part 60 requires that i1f present, Quaternary faulting be evaluated
as it relates to repository performance. Continued efforts to resolve
the question of Quaternary movement along faults in the site vicinity are
essential.

Volcanism
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Status

A comprehensive program of investigations by USGS and LANL to determine
the nature and extent of volcanic risk at the Yucca Mountain site is
nearinyg completion. The program has included consequence analyses and
studies to determine the tectonic and petrologic conrols of the regional
volcanism. Details of the investigations appear in a number of
publications that have either been published or are now in press.

LANL has completed an analysis of a number of scenarios for disruptive
volcanic events at the Yucca Mountain site. The consequences of even
such'extreme, improbable events as spent fuel rods being efected from a
cinder cone have been considered in these analyses and found to have been
minimal.

The geologic studies have resulted in a general understanding of the
regional and local volcanic activity. The Nevada Test Site is located in
a Plio~Pleistocene belt of basaltic activity, characterized by small
dikes feeding cinder cones, that extends from central Nevada south to
Death Valley. The rate of activity is low and occurs in discrete pulses.
The Plio-Pliestocene basaltic activity may relate to any of three
tectonic settings (USGS Open-File Report 80-357): 1) caldera ring
fracture zones, 2) NE trending rift zones or areas of relatively young
basin and range extension, or 3) right stepping offsets in NW trending
right lateral shear zones, or intersections of NE trending faults with
these zones. The favored interpretation relates the volcanism to
northeast basin and range extension.

Based on these investigations two major conclusions have been drawn by
NNWSI investigators regarding the potential for the two general
categories of valcanism, basaltic and silicic. These are that (1)
silicic volcansim is not a significant hazard at the NTS and (2) there is
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only a Jow probability that a repository (one in 10-8 to 10-10 per year)

at the Yucca Mountain site would be disrupted by basaltic volcanism.

Plans

No further field work or analysis 1s planned. Repeorts that are now in
preparation will be completed and published.

Observatinns and Actions

Based on the discussions at the meeting, it would appear that DOE
considers the volcanism question to have been essentially resolved. The
completed investigations do appear to have been well planned; however,
until the NRC group has had an opportunity to review the reports, it must
reserve comment.
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B. Content of the SCR

In addition to the technical discussions during the two day meeting,
there was also discussion about the scope and level of detsil to be
included in the SCR on matters related to both the conceputal design of
the repository and NEPA. Summaries of the related discussjon are
presented in the following paragraphs.

1. Conceptual Design

A conceptual design for a repository at the Yucca Mountain site is only
in theé earliest stages of development. Consequently a full conceptual
design will not be completed in time for inclusion in the SCR (planned
submittal is during the third quarter of FY83). Prior to the meeting,
DOE and NRC agreed to take up the question of what scope and level of
detail are appropriate for the sections of the SCR that are concerned
with the conceptual design.

The NRC group described the central purpose of including a description of
the conceptual design in the SCR. That purpose is one of allowing
identificntion of the issues, i.e. what has to be tested for and whether
the plans for testing are adequate. Based on subsequent discussion, the
DOE and NRC groups agreed to meet agafn to resolvé the SCR content
question after independently gathering specific examples to i{llustrate
their respective use of design terms and appropriate matertial for
inclusion in the SCR.
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© NEPA

As outlined in the NRC's draft guide for the standard format and content
of SCR's, the SCR would include a description of the process used by DOE
to select the Yucca Mountain site for site characterization. HNoting that
(1) a stated purpose of site characterfization is to collect the data
needed by NRC to make its NEPA finding and (2) concerns about the planned
scope have been voiced by interested states, the NRC group raised a
question as to whether the SCR process, as originally envisioned through
the procedural rule and the Format and Content Guide for the SCR, would
necessarfly or appropriately include consideration of broad NEPA {ssues.
The QOE group said that at a broad level of detai) these issues would be
covered (many have been addressed fn the GEIS and other documents), but
suggested that the NRC group discuss with their legal division whether
more is needed In the SCR and advise DOE of the outcome.
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C. Open ltems

Buring the course of the two day meetings, a number of items that were
discussed were left unresolved, but with designated actions. In
addition, varfous exchanges of documents and other information were
agreed to. Prior to zdjourment of the meeting, Mitchell Kunich of DOE
and Seth Coplan of NRC cowpiled the following 1ist of action items:

1. Establish mechanisms for DOE to consult with NRC on operational
decisions which may have a pntential licensing impact. For example:

o piezometer installation method
driliing in the middle of the repository block
miscellaneous drilling problems.

2. NRC will get back to DOE regarding the question of whether
instruments must be retrievable from boreholes.*

3. NRC will get back to DOE regarding the question of what can be
assumed about the performance of holes drilled during site
characterization.*

*Items 2 and 3 may not be resolved until Item 1 has been settled.
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NRC will provide Mitch Kunich with a copy of the Standard Review
flan for the SCR review.

Environmental §ssues - NRC will consult with its lawyers as to how

.much coverage is needed in the SCR and get back to Ralph Stein.

HRC will get back to DOE with a summary of impressions gained during
the site visit and meeting (probably by letter).

NRC will send Kuntch its NRC issues “rack-up."

By late June NRC and DOE will produce examples of conceptual design
information that each thinks is appropriate for incluston in the
SCR. Kunich and Coplan will then arrange a meeting to resclive the
issue.

NRC will get back to OOFE with spacific data and infoimation requests
relative to what was presented at the meeting.

Establish ground rules for exchanges of preliminary fnformatfon.
Miller will contact Stein.
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Hole Ho.
UE-25a #1

UE-25a #2

UE-25& #3
UE-25a #4
UE-25a #5
UE-25a #&
UE-25a #7
UE~25a #1
UE-29a #1
UE-29a ¥2

SW G-1

Coordinates

N 764,900.15°
E 566,349.98°

N 769,200
{Not drilled)
E 606,670

N 769,350'
E 602,925

N 767,969.2'
E 564,47%.2'

766,954.1'
564,756.3"

765,897.5*
564,496.0'

N

E

N

E

N 766,242.5'
E 565,465.5'
N 765,243.62°
E 566,416.74"
N
E
N

797,728.97"
585.574.53

797,743.97°
E 585,549.53

N 770,500. 20"
E 561,000.48°

- 34 .

TABLE 1 )
Nevada Test Site
Borehole Date

Elevation

3932.8°

N/A

4101.1'

4057.1'

4005.1°

3938.2°

3986.7"

3986.4"

4348.6"

Ground

Ground

Ground

Ground

Ground

Ground

Ground

Ground

Ground

Orilled
Depth

2501

2530

500*

487!

500'

500"

4002’

215°

1383*

6000*

Static
Water
Level

1542"

2094°

1543.37*

110.00°

110.00°

1877.8
{stitl
De~
clining)
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Hole No. Coordinates
SW GA-1 N 779.365.42"
E 559,246.98'
SW G-2 N 787,824.77*
£ 560.503.42"
SW G-3 N 752,779.84"
E 558,483.12°
SW GU-3 N 752,690. 10
E 558.501. 32"
SW VH-1 N 743,355.81"
€ 533,624.95
SW H1 N 770,254.32°
E 562,387.96"
SW H-3 N 756,542,02°
E 558,451.62"
SW H-4 N 761,642.58"
€ 563,911.08"
SW H-5 N 766,634°

n35-

Table I {continued)

E 558,908°
{Relocated)

Etevation

5166.8' Ground

5098.0'

4856.2' Ground

N/A

4131.4' Ground

4272.4°' Ground

4866.7"' Ground

4097.3°

Drilled
Depth

551!

6006

5031’

2640°

2501

6000*

4000°

Active

Static
Water
Level

1719.65°*
(stin
De~
clining)
2429°
Approx.
610. 10"
1877.62°
2439

1700°



© e e g antiars n ¢ =R

EXPLANATION
Nevada Tose $iis Dommbaey

USGS Professional Paper 712-C,

,,(r

0 MILES

b 1

30 XILOMETERS

Page C-5.

1

1

|

1
¥
Q

nity

-
¢

-Index map of the Nevada Test Site and vic

showing the location of Yucca Mountain.

Figure 1.-



FLOW PATH REDUCTION
21KM

s|\7¢ w r
le U KM 4 2 =
i o = =
A o~ L% es >
@ © S3 5 B
< o9 [=] e EEE
w8 B Egz o g
e & oo ! FRENCHMAN
1200 - < 3
g = &
& go0- '
=
uf 00—
E  o-
4
-300 -~
-600 - —
«— «
800 Jepel — «
—1200
DATUM IS MEAN SEA LEVEL QTa Quaternary and Tertiary valley fill
VERTICAL SCALE x 106 (Vane?-‘f%rlyaquiter) dry veley
Tt Tertiary tuff, lake beds, and lava i
) § 10 1S KILOMETERS (Tuft aquitard)
SN P TN | Pzc Paleozoic carbonate rocks

(Lower carbonate aqguifer)

€p€l Lower Cambrian and Precambrian
clastic rocks
{Lower clastic aquitard)

U.S. Geoclogical Survey Upen=tile
Report 80-559, Page 10.

Figure J.--Diagrarmatic section 11lystrating effects of cossinole nast or future pluvigl-related water ®3nle
Tenqth of ground-water flow path fron Frenchman Flat to n-ints of natural discharge at 4cn “ayag
Amargosa Pesert, ‘ievana ‘Line of sectinn 13 shown on firaure 1 water Yevel rises of 40 and [E0 -
initiate dischy' -~ trom 1ae lower cartonate anuiter at potnts A 4nd 8, respectively 13 and 2! oo
of rodern spr1 aganent: drrows depict groundewater flow) ’



\} :\
%\? Av

2

G

'
]
!

’..

3

AYYaNnos _

Z I EI1S 1531

w -

S99 EattEmE SLICKE

dudd  atiaeTCRTUVY CTXKT

L2 ELals P BMAD T4FR)

-
-
k

Toate, 11 8 vl




-

b,

iy

Mammun § o L
"3 Y O Water 2irvg ChRTECHNUNCS §1G Suit
Syvem Sen Sragraphc Ut Maox wratogy tee v angaan *
Qmumwoﬂ MHabwrond, Velley B Atlevial {as, (luviel. $.000 Yalleu-hott Canificewmt of rranameninbits ranges (o
‘Fesnuary Pletarona. [! 9. (ohebed. TS0U0 gpdl per it gvtiagd comelicient W
el muthow depumts mpet: lum & tu Y erd
Photn o atlwrsieg anly borraih BRTW ALY drep
Yuces bigt andt beentames $lat
i Mt TP e e R T
s ~one
Khcoline of Shanbone Mhyuizis Hows. Jun Lave.flve fows, Wi winprrvatalivns pUIle gnd i
Mowntan [ titabid cnsificatnl ot trem
preTHY Bareht 6 = mnlnuswuwmm:n . s
, Monipn \sta
Pliscons ' v
z Ammamis [asks Ash-fluw (ull, moderstehy =a
Mo bet w densniv welded, 1R
1 o full autl ot bbs. Water J ilod be p "*
1’.. ; Ium':l:-. AA»lhs wH. luuuﬂd: (] et umnd un
Alen u domety weided: o .
g 3 hedyrictauiguy w ratt ":w::npdmu:nnns»g::
. L] Wil o SIPLEME. Pistivsie koge
Sl | e | MRELLETER | B ora e 1 ook e s o man
- ;
i s oehA8it 1ull aeer hoee lureied saiv heneeih attucturaiy aeeo
[v] Tupopad Speng Aah-Alow (uff. nomweided [ ] uren. brenchman. Lo
< Riemher © 0 denrely webiled: tia
s ; wah-dall Wit near basg
% Bedded st Ank-la) tutf and (haveadly 1,80 Ueddea watt Cotitiennt o 0ERONRIHY fenges tn
z fniormal unstd srwarusy Juif aquree LRN gpd por . AMUIRING wilv Rowy
uraile marts o ¥ucve blot ¢
Plat. and Jackansa Dlgts. Ekturs heaas
Ko tuil nomnen it Pasminyan Tou
topmane  attvun Membee ol indhan Feau o
Lava live ond smreilon [T Lave thw Vooret mrvewment eI NN By Nty tonh
tutl ansg hreetra: hcallv aguilard S IMIENIALA Pl S SR GEIMAGA-
hydrotnwemnily gitered. hle. mettic M o iramImbints pus
Than w4 g0 Por 1. c W MR Minnr 09D
W st itk hetwosn Frenchinan #ias o
Wabmonse Formaton Flats
Ash-lall tutl. tuliaconve Lo
. sendriose, and uil
uceia, aff sniertaddest,
BN coMmmMOdly clavey
o spohilse.
Breccora Now, Sthie hrec- .0
o, wad (utf biveca. on-
trebidded wuh soh-tall
Salyss Formatinn sutl. samistene. sl
Tertare Muvone slene clavoeny. mgtng
cammealy clsvey of
Srenus
)
Croae Canysn Momber Ash-flow sutf. deaselv AN
waided
| TeussnagAember AadNow quil, ponwelded w
tn welded.
i Lucat satormal unnts m-um-‘a"r. monetided to 2.008
-é. ::,';_".L(m aand- Conllicrnt 9 $ramimnlicisly spnges frnm
& stane. mitatons, % e nw mm‘x vl n t:"m
claysiome; Ryt PITBERRMTY
3 clmdn'::l:::eu- t.l’;lo to 8416 ° rd LAl
4 ahneraly, hoollv, @anet rewise et e
= Lt $ H Fall mm Dbt Simor GLpnt il
{ 1 .
::.u ? shywite snd byntalh hoetiiis danking vellevs tuiis
aaly benemit strgreutsily dpepest garet
“y {"bi. hn::..on Flaa. n‘l' Jocnon 'i.
- n yenad Mimbees
Avalite e and Rhveiite. staweided and *1.0% fm“. a: oeativ &3 m.n"m:-
Tutiacenus hede wt webded onh flow sab-dall s Fint
Calwes Hulls . hut! Seecoa -
facenus randstere,
Aydeothermaliv  sitoved
st U slica Wil matne of
Sl anf sandviont com-
MUY Clarey o PreRLE
Tulled Ceater dlat Ashfive tuff. anomeided -
ts partly erided.
terbedued o gan-cail
il metne commoniy
claves ar penisioe
Mincene
ana Rurhaut Pavus dpning Tullattous sandasong ond Lam
Ohgenone wsilestune  (iavviape -
feesh unter nNMestane
asd cuagiamernte.
TRINBY EYP e,
commoniv Jlgvav.
sembeter. o
Uliges one Hrea Npnng P urmes s Freod mater Limestnas, H 1 R l
» Swdl }

USGS Professxanal Paper 712-C, Page C-10.

Figure 4--Stratigraphic and hydrogeologic units at Nevada
Test Site and virinity
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