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Department of Energy
Nevada Operations Office
P. 0. Box 14100
Las Vegas, NV 89114-4100

TO WHOM IT MAY CONCERN:
JUNE 1, 1984, WORKING DRAFT OF THE NNWSI ENVIRONMENTAL ASSESSMENT

The Nuclear Waste Policy Act of 1982 (PL 97-425) requires that any candidate
site nominated by the Secretary, U.S. Department of Energy, for site
characterization be accompanied by an environmental assessment, and that such
environmental assessment be made avajlable to the public. The U.S. Department
of Energy is in the process of preparing an environmental assessment to -
accompany the nomination of the Yucca Mountain candidate site, located
approximately 95 miles northwest of the City of Las Vegas, for site
characterization.

This document is a working draft of Chapters 2-6 of the Environmental
Assessment called for in the Nuclear Waste Policy Act, and is based upon
information, data and analyses currently available. As a working document
prepared on & program in progress, it may be modified to reflect new data,
analyses, and other information obtained through public and institutional
review prior to release in final form. Also, as 2 working document it may
contain errors and omissions, and some results may be based on incomplete
analyses or on data which has not been subjected to peer review.

This draft environmental assessment is provided by the U.S. Department of
Energy in the spirit of cooperation and is intended to assist the states and
other interested parties in familiarizing themselves with project status and to
allow public and institutional participation in the nomination process though
review and comment. This process will help develop a2 more complete
environmental assessment which considers not only the technical issues, but, in
addition, the non-technical issues of public concern.

This draft document was prepared by the U.S. Department of Energy with the
participation of Sandia National Laboratories (SNL), Los Alamos National
Laboratory (LANL), Lawrence Livermore National Laboratory (LLNL), U.S. :
Geological Survey (USGS), and Science Applications, Incorporated (SAI). It has
been reviewed in draft form by responsible individuals from each of these
participating organizations and has been found suitable for its intended
purpose.

L 4

Donald L. Vieth, Director
WMPO :MBB-878 j2f£1 Waste Managment Project Office
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Chapter 2

YUCCA MOUNTAIN SELECTION PROCESS

The Nevada Nuclear Waste Storage Investigations (NNWSI) Project was
established in 1977 by the Department of Energy's Nevada'Operations 0ffice
(DOE/NV) to evaluate the Nevada Test Site (NTS) and contiguous area for sites
suitable for 2 repoSitory for high-level radicactive waste and spent nuclear
fuel. Preliminary‘1nvestfgatjons and site-screening activities identified the
Yucca Mountain area in southern Nye County, Nevada, as the most suitable for
extensive site~-characterization activities. The Yucca qsain site is about
150 km (95 mi) northwest of Las Vegas, Nevada, apd”' end\adgacent to the
southwest corner of the NTS (Figure 2-1). he si@ on ?Eheral land under
the control of three separate:agen f the site is part of the Nellis
Air Force Range {NAFR); a smaller:ﬁBrtJonLjE/;E;t of the NTS and managed by the_
Department of Energy (D( Ihe‘ff"}’portron is managed by the Bureau of Land

I .

Management (BLM) '//,/

This chapter outlines the general process by which Yucca Mountain was
identified as 2 potentially acceptable site. Section 2.1 describes generally
the regional sett1ng of the site to place in context the general types of al-
ternatives from which Yucca Mountain: was selected. To determine whether a site
is adequate, the DOE Siting Guidelines (10 CFR 960) were developed incorporat-
ing regulatory standards promulgated by the Environmental Protection Agency '
(EPA) (40 CFR 191) and the NucTear-Regulatory Commission (NRC) (10 CFR 60).

The implementation part of the siting guidelines, 10.CFR 960.3-2 (DOE, 1983),
states - that 2 potentially acceptable site is one that»h;s“first beenmfdentified
through a site-screening process as poténtiéily suitable for a repository. The
screening process by which Yucca Mountain was identified ‘is described in_
Section 2.2. This discussion is followed by Section.2.3, which evaluates the
Yucca Mountain site with respect to the disqualifying conditions for post-
closure and preclosure time periods, listed in 10 CFR 960.4 and 960.5

(DOE, 1983), respectively. As called for in 10 CFR 960.3-2 (DOE, 1983). ,
evaluation against the disqha1ifying conditions is a requiréd step in the
nomination process and must be applied to all potentially acceptable sites.

2=%
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2.1 REGIONAL SETTING OF YUCCA MOUNTAIN

The Yucca Mountain site is located within a broad desert region known as
the Great Basin. The Great Basin is characterized by generally linear mountain
ranges and intervening valleys. No streams or rivers flow out of the region.
PrimarfIy because of the scarcity of water, few people live in this vast
desert. The few communities that exist are generally located around mining
districts, water sources, or tourist attractions. Agricultural production is
very 1imited because of the-severe aridity and low nutrient value of the rocky
desert sofls. A few areas of 1triga§gd cropland occgr?thfg ground water is
shallow enough to be tapped by wells and where ;nfjgyafifsqitable for tillage.

As a result of the sparse population,'paued\roads’gfé 2lso-widely spaced, .

N\

nly more than : mi e N
commonly e than 80 km/ff) )/'/a;par:t .’;./. —

The basins and'inf;rVEntng @dﬁﬁtﬁinrranges of the region strongly influ- -
ence the climate, vegetatibh, and surface drainage of local areas. Most
precipitation falls on.fié cooler mountain terrain, whereas the basins are
relatively warmer and dryer, Asvé fesult, the higher ranges generally support
coniferous forests while the basins and lower ranges, such as Yucca Mountain
(Figure 2-2), are covered with sparse, desert vegetation. The large number of
basins and ranges of various elevations result in several ecological
communities within the region. '

The mountain ranges are.formed: by fault blocks that rise above the

“intervening basins. Based-on exposed rock in the ranges, the rocks can be. -

divided into four major groups. The oldest is a billion or more years old and

"is made up of hard crystalline material, such as gneiss and granite. These

rocks are part of the crystalline shield of the North American continent.
Stratigraphically above the shield rocks is the second major group of rocks, 2
thick sedimentary sequence predominantly composed of carbonates, quartzite,
shale, and argillite. These rocks were deposited in a large trough-like basin,

. called the Cordilleran Geosyncline, that existed along the western edge of the

continent between about 800 million and 250 million years ago.

2-3
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View of Yucca Mountain looking southeast.
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From about 250 to 100 million years;ago; these Sédimentary rocks were
strongly squeezed, folded, and faulted'dreating large mountain ranges that rose
out of the shallow seas where the'roékslwere-deposited. During this time,
granitic masses were intruded deep within the buried roots of local parts of
these ancient mountains. Small outcrops of granite in the northern part of the
NTS attest to this episode of granite formation.

From about 100 million to 40_miilion,years ago, the mountain building
waned and the ancient ranges were eroded,to 2 gentle roiling plain, Beginning
about 40 million years ago, 2 third major group of rocks was deposited on this
-plain when volcanic activity spread thick piles of tuf’g;eous volcanic material
over portions of the area. This volcanism last/gaiiomvabout 40 million to 10
million years ago, and produced the laye;s of tu {:fhat nou form Yucca
Mountain. The mountain actuallzf,nrmed dg;iqg tng last 10 to 15 million years
of this 30 million year period. - \"';,”“’

Faulting1that_oroduceﬂ the E;rrent basins and ranges took place at the
same general time as the volcanism. In_ the 1ast 10 million years, tectonic
activity has waned | (Stewart, 1978) and the. basins have been filled with
alluvium derived from erosion of the surrounding ranges. Minor volcanism and
faulting continued‘during basin filling, most recently producing thin, locally
- restricted sheets of basaltic flow material that dot the surface in Crater
Flat, just west of the Yucca Mountain site.

Three regional cross Sections,'shown on Figure 2-3, pobtray'thercomplexity
resulting from the geclogical histoéy described above.. The~geologicai
evolution involving'deposition, foiding,ifaulting, intrusion of granite masses.
-and eruption of volcanic material. produced a complicated geoiogic pattern in
the rocks of this area.

Tne hydrology of the southern Great Basin is characterized by a deep water

table and closed ground-water basins.QfGroundewater basinsido not necessarily
correspond with topographic basins. At some places in the southern Great

2-5



"N

Erevotion (ies1)

Eievstion lfee!!

Eievauon ffeet

LY
[Ty e i)
fn)
Lnni
Sikn)

LICV YD
NN By
2000 X

(XD
[})
HOO0

Ulack Mia Cukkan Timber Moushun Caldesa

[ 1 I
ik Min

2000 B

3000
4000

s
YY)
Gy
S
00
VY (]
20X
10U

[1#8 ¥
2000
UK
AU

Vidiey Mok

B YU g

~ et

%}

Hax)

20008 \agle

B P 1L P T TR AN Ty (e I T (U I AP AT TR
R R T R s A w LR R ST L Rl Heg

Kowe s owecds s
LA

Figure 2-3a.

- P ) I
{

AN ST o

iy Cayan

Ancaysa  bse  Craks Figd Yuccu  Faly Mie  Culico dlls Mad :X‘, %) Fil Mssachudts Nye Spalled ndon Sqaeng Putwaks Tlyvsl e
Mountan  Wash ‘ . Moion Valiey ’

P 3 \

Seckon B-8 W Scale
’

i e

)
famiwe Hooly Mbe  Cobou bl Juckass Fluls  Shuld Min ook Valiey  Specter Range

o ot QUL SNE AT SR K i Ty X wagse g g £ tuad ¥ | Il e A " AR
FrEd RS R e e RS e N A ]

SOUNR ASH

Camyon O] fange Volley

Suenl Conyon Culdero Tunber Mountamn Calderu Clam\Cyhyn Caldera Seginent

o~

C e e e e a e e N,

by M Mool Tugdus Mnflome  Tunbes Chocohib: Mt
‘(. Men Mo

.....

R ¥ et v " o 2 L < YR % S A AR
1H200IAL SCAL % " 5 LY [

[ S ] .- ™

Schematic cross section of soulhwestern Nevada porh
subs.nding Yucca Hountain vl ~howing the style of
Ser:  wre 2-3h for locatiun ‘oss sections and

‘\.‘4"

ing the geological complexity
Iting and caldera complexes.

“l .




A

TER I'IAHY AND QUATERNARY

.....

HOCKS

" JERTIARY. AND QUATERNARY Auuvmm

’IEHTIM'IY AND QUA'IE"NM'W BASALTS f
AND BASIC LAVAS

TERTIARY THIRSTY CANYON TUFF

TERTIARY PMNVBRUSN AND ﬂMﬁEﬂ

MOUNTAIN TUFFS

FEH'IIMIV MIYOUITES

rsnu'mv CCAUvCO mu.S VOLCAMICS
TERTIARY BELTED RANGE TUFF

TERTIARY CRATER ruu TUFF

- TERTIARY ROCKS OF PAVITS
SPﬂlNG

VB MID-TERTIARY VOLCANICS (UNDIVIDED):

TEATIARY INTRUSIVES

1] oLoen vorcamcs

PRECAMBHIAN AND PALEOZOIC
ROCKS -

m  PERMIAN PENNSYLVANIAN CARBONATES
TR A .
MISSISSIPPIAN CLASTICS

0% DEvOMIAN CARBONATES

7271 SILURIAN CARBONATES

' ORDOVICIAN CARBONATES

CAMBRIAN CARBONATES

- € | CAMBHIAN QUARTZITES

PRECAMBRIAN QUARTZITES

4 PALEOZOIC (UNDIVIDED)

STRUCTURES

A}

T

A

cl

TERTIARY BASIN AND AANGE FAULTS

'STRIKE SLIP FAULTS

Z MESOZOIC THRUST FAULTS

C

A"

LOCATION INDEX FOR SECTION LINES

Figure 2-3h. Legend for Figure 2-3a showing location of cross sections.




6-1-84 Draft
22-May-84/2

8asin, including parts of Yucca Mountain, ground watar is more than 500 m
(1600 ft) deep. Recharge occurs by slow percolation of surface water through
the rocks overlying the watar table. Most, if not all, of this recharge is
rastricted to higher eievations of the ranges where precipitation is greatest.
At lower alevations, including Yucca Mountain, most, if not all, precipitation
evaporates before it is able to seep deeply into the rocks.

Generally, ground water in the southern Great Basin flows through major.
aquifars, which are deep beneath the surface of tha rangas and most vallays.
Winograd and Thordarson (1975) recognized six major aquifers in southern Navada
that transmit water and four major aquitards that retard the flow of watar and
act as barriers to ground-water movement (Figure 2-1). Tha lower and upper
carbonate aquifers of the sedimentary saquences and the welded-tuff and lava-
flow aquifers of the volcanic saquence transmit watar primarily through
fractures. Bacausa the fractures are related to both the brittleness cf the .
rack and the location of maior structural features, local and regional flow is
detarmined largely by the complex stratigraphic and structural conditions
nutlined above, The bédded-tuff and valley-fill aquifers, in contrast, stors
and transmit watar chiefly through interstitial pores.

Yucca Mountain lies in the Death Valley ground-water system, which is
composed of several more or less distinct basins and subbasins (Figure 2-5).
It is in the Alkali Flat-Furnace Creek Ranch ground-water basin at a position
midway Detween the Ash Meadows and Qasis Valley subbasins, as shown in Figure
2-5 (Waddell, 1982). The Alkali Flat-furnace Creak basin discharges at seeps
in Alkali Flat, and springs in Death Valley. Regional flow east of the site is
through the Ash Meadows subbasin and occurs principally in the lower carbonate
aquifar (Figure 2-8). This subbasin partiall} dischargas at the 30 or so0
springs in Ash Meadows where the lower clastic aquitard appareantly is raised
along a fault and blocks the flow through the aquifer, forcing water to rise to
the surface, Some of the water may seep through the aquitard, eventually
discharging at Death Valley. Wast of the site, local flow from recharge at
Timper Mountain and Pahuta Mesa occurs through the tuff aquifar and discharges
at springs in Gasis Valley, just north of Beatty. This small flow system forms
the Oasis Valley subbasin.
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[n summary, the southern Greaf Basin is generally characterized by sparse
vegetation, low precipitation, few population centers, varied geology, and a
hydrology system that includes closed surface and ground-water basins and a
thick unsaturated zone with 1ittle water movement. This saction provides only
the most general parspactive on the overall setting from which Yucca Mountain
was chosen from among other alternatives as discussed in tha following section
(secticn 2.2). The detailed description of Yucca Mountain and the surrounding
region is provided in Chapter 2.

2-12
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2.2 IDENTIFICATION OF YUCCA MOUNTAIN AS A-POTENTIALLY ACCEPTABLE SITE

This section briefly summarizes the five step process by which Yucca
Mountain and the Topopah Spring host rock were -selected by the NNWSI Project
for detailed study. The five steps, discussed in turn in the following
subsections, are: (1) selection of the NTS {Section 2.2.1), (2) restriction of
exploration to an area in and .around the southwest NTS (Section 2.2.2),

(3) selection of Yucca Mountain as the primary location for exploration
(Section 2.2.3), (4) systematic reconsideration of potential locations in the-
southwest NTS (Section 2.2.4), and (5) selection of the target host rock for
the repository (Section 2.2.5). '

A1l steps in the selection process were compTeged before the Nuclear Waste
Policy Act of 1982 (NWPA) was signed into law in Jénuary 1983. Accordingly,
the selection of Yucca Mountain as a potentially acceptable site was not based
on 10 CFR 960. Nonetheless, the systematic screening studies of steps 4 and 5
used objectives very similar.to those 1isted in 10 CFR 960. The identification
of Yucca Mountain as a potentially acceptable site was consistent with the
siting criteria of NWTS-33(2) and is not inconsistent: with 10 CFR 960.

2.2.1 Selection of NTS as an arez of investigation

The National Waste Terminal Storage Program (NWTS) was established in
1976. -During the early NWTS investigations, the prime geologic material of
interest for a repository host rock was salt. Additional-geologic host
materials, including crystalline (granite, gneiss) and-argillaceous rocks
(shale, clay) were also considered. The initial approach to site screening was
based on the occurrence of particular rock types-and came to be known as the -
“.host rock z2pproach (DOE, 1982). In 1977, the program was expanded to consider
prior land use as an alternate basis for initial screening. This prior land
use approach considered the advantages of locating a repository on-land already
withdrawn and committed to long-term institutional control. Because the NTS
was 2lready dedicated to nuclear operations, it was a logical area for
investigation for potential repository sites and formal consideration of the
NTS for 2 repository location began-at that time. The prior land use at the
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NTS astablishes a firm reason for concluding that the government will continue
to provida strict institutional control over future access to tha sita,

At the same time the NTS was being considerad on the basis of prior land
use, the U.S. Geological Survey (USGS) proposed that the NTS also be considered
for a number of geotachnical reasons. Thesa geotachnical reasons were later
adugmentad by other considerations. The following lists both geotechnical and
other considerations:

# Southern fHevada is characterized by closad hydrologic basins. This
means that ground water does not discharga into rivers that flow to
major bodies of surface watar. It also‘ggans_that the discharge
points for the water can be clearly idengi®ied.

gt

o The watar table is at graat depth [up to 600 m (2000 ft) below the
surface]. This provides the opportunity to build a repository in the
unsaturatad zone where the rock containing a repository would not
generally releasa water to drill holas or tunnels. This lack of water
would minimize: (1) corrosion of the wasta container, {2) leaching of
the waste form, and (3) transport of radionuclides from the
renository.

» Long flow paths are present between potantial repository locations and
ground-water dischargs noints. Radionuclides would hava to travel
great distancas before they could affect man and his surface
anvironment,

8 Many of tha geologic materials occurring on the NTS ara highly sorp-
tive. Radionuclides could be chemically or physically absorbed by
rock and significantly slowed in their movement, making it extremely
difficult for them to move in solution. ‘

» The NTS is located in an arid region (less than about 150-200 mm/yr
(6-8 in/yr) of rainfall], With the very low rate of recharge, the
amount of moving ground water is also low, especialiy in the
unsaturated zone,
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By May 1977, the NWTS Program included evaluations of both the land-use
and geological attributes of the NTS, and .the NNWSI Project wes-organized to
consider the general suitability of the NTS foﬁ'a repository and to identify
locations, if any, on the NTS and in adjacent areas that might be suitable for
. & repository. Figure 2-7 illustrateﬁ the various sites throughout the NTS
initially considered by the NNWSI Project.

2.2.2 Restriction of exploration to the southwestern part of the NTS and
adjacent areas

The primary function of the NTS is- to provide a t:EE;GQ ground for nuclear
weapons. Figure 2«7 shows the past or current qgﬂithe proposed general areas
dedicated to weapons testing. When the NHTS Progr”'expanded its repository
exploration activities to 1nciadé:zhe NTS.,eEquestxon arose concerning the
compatibility of a reposT’*by w1£§lng;lear weapons testing., A task group was.
established to evaluate gge conditions under which the weapons ‘testing-could
fully function despite the’;;esence of'a_nearby'repository; In August of 1978,
the Acting Assistant Secretary for Defense Programs of the Department of Energy
formalized the task group's finding that lbcating a repository in certain areas
of the NTS might hamper weapons testing. It was also suggested. that the
southwestern portion of the NTS and adjacent offsite locations were acceptable
for further investigation as potential waste repository sites.

In 1977, the geologic medium of prime interest at NTS was argillite.
Argi]!ite-is present in the Eleana  Formation underlying a topographic feature
named Syncline Ridge located along-the west side of Yucca Flat (Figure 2-7).
Geologic investigations there; including exploratory drilling, revealed a
‘complex geologic structure in the center of the area being considered (Hoover
and Morrison, 1980; Ponce and Hanna, 1982).. It was decided in July of 1978
that the geological complexity of -Syncline Ridge would make characterization
difficult, possibiy so difficult that it could not be understood to the degree
necessary to license a repository. -At about the same time, the decision by the
Assistant Secretary for Defense Programs defined the Synclihe Ridge area as
unacceptable for a repository because of weapons testihg. At this juncture,
the program refocused on the area in and around the. southwestern corner of the

T 2«15
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NTS. The portion of the redefined exploratory area that ‘occurred on the NTS
was subsequently named the Nevada Research and Developnent Area (NRDA) .
(Figure 2-7). The area being evaluated included some BLM land west and south
of the NRDA and 2 portion of the Nellis Air Force Range west of the NRDA.

2.2.3 Selection of Yucca Mountain as the primary location for exploration

In August of 1978, a preliminary 1ist of potential sites in and near the
southwestern part of the NTS was compiled. The areas initially considered
included-Calico Hills, Skull Mountain, Wahmonie, Yucca Mountain, and Jackass
‘Flats. Of these five areas, Calico Hills, Yucca Mountain, and Wahmonie were
considered the most attractive locations for condu tin”’::liminary borings and
, geophysmal testing (Figure 2-7). l,, ,;;; ‘ Kgf::: _

The Calico Hills locationkﬁgsaof°parficdiar'?hterest'because an aero-
magnetic survey showedktﬁ'-'graniie4migﬁf occur approXimately 500 m i1600 ft) -
below the surface. The tirst exploratory hole by the NKWSI Project in the
southwest NTS was started’in 1978 to explore for granite beneath the Calico
‘Hills. At a depth of 900 m (3000 ft), drilling was discontinued w1thout
reaching granite (Maldonado et al., 1979) A high content of magnetite was
~ discovered in a thick section of Eleana Argillite that had contributed to the
aeromagnetic anomaly. The argillite was encountered throughout most of the
drilling depth. Reevaluation of the geophysical data indicated that the
granite is probably 1500 to 1600 m (5000 to 5300 ft) deep (Snyder and Oliver,
1981). Other geophysical surveys indicated.the thick section of argillite at
Calico Hills'and the adjacent reaches of Upper Topopah Wash probably is very
compiex structurally, similar to the situation at Syncline Ridge (Hoover et
l., 1982) Because the granite was considered too deep and the argillite
~ appeared too complex further consideration of the Calico Hills was suspended
“in the spring of 1979. ‘

‘Concurrent with drilling at Calico Hills geophysical ‘studies conducted at
wahmonie indicated that the granite, Nhlch occurs at the surface, would be only
marginally large enough for a repository at the depth needed. These studies,
plus surface mapping, also suggested that any granite within reasonable depths
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was probably altered by hydrothermal solutions (Smith et al., 1981; Hoover et
al., 1982). Additionally, local surfacz deposits from a previous warm spring
and the presence of faults indicated a potantial for upward seepage of ground
water, possibly from great depths. For these reasons, Wahmonie was eliminatad
from consideration in the spring of 1979.

In the summer and fall of 1978, the first exploratory hole was drilled at
Yucca Mountain. This hole was drilled mora than 600 m {2000 ft) and confirmed
the presencé of thick, highly sorptive tuff (Spengler et al., 1979),
Preliminary surface mapping indicatad the sxistenca of generally undisturbed
structural blocks possibly large enough for a repositﬁix;,,secause tuff
previously had not been considered as a potential st,;cdi'for 2 repository, a
presentation was made to the National Academy of f’/ nces \[(NAS) Committee for
Radiocactive Wasta Management in September-of 1973 to solicit its views on the
potential advantages and disadvﬁ"ages of euf as a repository host rock. The
concent of 1nves~igatxag;;uff as afpoxent1al nost rock was supported. -

After comﬁaring the’?ggﬁrts of preliminary exploration at Calico Hills,
dahmonie, and Yucca Mountain, the U.S; Geological Survey'recommended, and the
DOE concurrad in April 1979, that attention be focusad on fucca Mountain.,
Immadiately thereafter, three technical peer review meetings were held by the
NNWSI Projeét:

1. Media (host rock) investigations - April 25-26, 1979.

2. Gaologic and hydrologic investigations - May 22-24, 1979.

3. Tectonic, seismic, and volcanic investigations - July 24-25, 1979,

Reviewers reprasanting saveral fislds of expertise were invited to attend.
Nationally known experts, as well as prominent experts from Nevada, partici-
pated in the review process. 3efore each meating, the reviewers were provided
with background information on specific NNWSI Project activities and overall
goals. At the meetings, NNWSI Project participants made detailed presentations

and answered questions posad by the raviewers. Aftar each meeting, the review
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-panel summarized its overall assessments and recommendations. The general
‘consensus of the reviewers supported DOE's decision to concentrate exploration
efforts on the tuffs of Yucca Mountain (DOE/NVO), 1980).

2.2.4 Confirmation of site‘seiectiOnfby a formal system study

The foregoing process of selecting Yucca Mountain for early exploration
was informal. A more thorough, formal analysis was begun in 1980 to evaluate
whether Yucca Mountain was indeed appropriate for further exploration. This
analysis was conducted in a manner compatible with the area-to-location phase
‘of site screening described in ‘the National Siting Plan’ E, 1982), which was
used by DOE before the NHPA and ensuing siting'g’;deiipesf(io CFR 960} were
adopted. - =) \;3

o N \ (a*
.. o o ey

Five publications document‘EEE.NNWSI ening activity. Each provides
details about a separaté:zsement of the activity. A Method for Screening the
Nevada Test Site and Contiguous‘ireas for Nuclear waste Repository Locations”
was published first to neraliy describe the screening method, and to document
the proposed method before its application (Sinnock et al.. 1981) "“Summary
~and Conclusions of the NNWSI Area-to-Location Screening Act1v1ty (Sinnock and
Fernandez, 1982) presents a summary description of the parameters used in the
screening calculations and provides a detailed discussion of screening results.
Three documents (Sinnock and Fernandez. 1984; Sinnock et al., 1984; Sharp,
1984) provide detailed backgrOund material about, respectively, the perfonmance
objectives physical attributes and- associated quantitative criteria and
computer programs for rating alternative Iocations. '

Many”assumptions Were‘quantified during the ‘screening study, and the
'va1idity of the resuits and conclusions: cieariy depends on the reasonableness
of these assumptions. The 1nformation in the referenced screening reports
allows each assumption or set’ of assumptions to be traced to 1ts effects on the
results and conciusions.' The remainder of this section contains an overview of
the data and anaiyses contained in these reports.
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The formal scraening analysis (Sinnock and Fernandez, 1982) was applied to
an are=a on and near the southwestern portion of NTS (Figure 2-8). The analysis
consisted of four basic elements: '

1. YWeighted performance objectives that identified idsal, or at least
desired, sita conditions to be sought.

2. Physical attributes of the screening area that distinguished the
physical conditions of alternative locations and host rocks.

3. Favorability estimates that ratad, on a ralative 'ale of zero to ten,
how well the physical conditions reprasentad eEEh attribute
satisfied each of the relevant performan bJect1wes.

r‘\\ \
1 SN

4. Mathematical equations’gégi‘calc;leted summary rating scorass for

altarnative LQCE?_B S and,hgjt rocks basad on how well the combinad -

.avorab11it1es q,,lhe atfributes satisfied the performance objectives.

The performanca objectives were organized in a three-tiered hierarchical
tree (Table 2-1) which allowed site-spacific objectives of the lowest Tevel of
the tree %0 be clearly tied to the broad goals of waste managament (DOE, 1980)
rapresantad by the uppermost leval of the tree (Sinnock and Fernandez, 1984).
Zach objective was correlated with existing c¢riteria of the DOE and NRC to
ensure that no relevant siting factors were overlooked (Tabie 2-2). A weight,
ar percentagé describing relative importanca, was assigned to each objective at
each level of the tree to account for priorities within each lavel
(see Figure 2-9a and b). The weights were obtained from a poll of experts
familiar with nuclear wasta management issues {Sinnock and Fernandez, 1984},

€ach of the 31 attributes represented some physical conditich that both
(a) varied throughout the screening area and (b) might influenca repository
behavior (Sinnock et al., 1984). As Table 2-3 indicatas, the attributes fall
into two general categories, geographical {attributes 1-23) and host rock
(attributes 24-31). A map of the screening ared was prepared for each
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Tdble 2-1. Three-tiered hierarchical arrangement of vbjectives used in site screening by the NNWSI Project

1.0 [Identify locations which permit adequate radionuclide containment in a sealed repository
1.1 Screen for natural systems with maximun potential to resist waste package disruption processes
1.1.1 MHinimize potential for chemically induced release
1.1.2 Minimize potential for mechanically induced release
Screen for natural systems with minimum potential for waste package disruption events
1.2.1 Minimize the potential for seismic hazards to containment in a sealed repository
1.2.2 Minimize the potential for erosional disruption of waste packages
1.2.3 Minimize the potential for volcanic dlsrupt n of waste packages
1.2.4
1.2.5 g;

1.2

Minimize the potential for inadvertent
Minimize the potential for events that

intrusion of a sealed repository
isrupt containmment

2.0 Ildentify locations which permit adequate isolation of raqlo ctive waste from the biosphere
2.1 Screen for natural systems which will retard mignati f radionucl ides
2.1.1 HMaximize extent of relatively homogeneous h ig&
Maximize ground-water flow time to the acce ;ble environment
Maximize retardation of radionuclides along flow paths
Maximize migration times of volatile radionucyides
for natural systems with minimwn potential for\g&Ve)se changes to existing radionuclide

2.1.2
2.1.3
2.1.4
Screen
gration and retardation processes
.l
2
l3
.4

2,2 Sc
in
. Minimize the potential for adverse impacts on l&olatio due to tectonic changes
Hinimize the potential for adverse impacts on is latiogsdue to climatic changes

Hinimize the potential for adverse impacts on is X‘%\ due to geomorphic changes
Minimize the potential for adverse impacts on isola due to hunan activities

1.
1.
1
r
ni
2.2
2.2
2.2
2.2

3.0 Identify locations where safe repository construction, operation, aéﬁ\ﬁecmuuissionlng can be effectively

implemented with respect to cost \.
3.1 Screen for locations compatible with surface facility constructlon and safe operation

3.1.1 Hinimize seismic hazards to surface facilities

3.1.2 Minimize surface monitoring system cost

3.1.3 Minimize adverse foundation conditions

3.1.4 Minimize wind loading on surface structures

3.1.5 MinimiZe flooding hazards to surface facilities

3.1.6 Assure availability of resources to construct and operate the repository
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Table 251;(continued).

4.0

‘4.1 Minimize or avoid adverse impacts on or from sensi

3.2 Screen for locations suitable for subsurface'facility construction and safe operation
3.2.1 Minimize seismic hazards to subsurface facilities

3.2.2 Minimize flooding hazards to subsurface facilities
3.2.3 Minimize adverse mining conditions
3.2.4 Optimize the geometry (thickness and lateral extent) of the host rock
3.2.5 Optimize host rock homogeneity
3.2.6. Maximize compatibility of a host rock with tandardized waste package
3.3 Screen for locations with characteristics compatihle with safe transport of radioactive wastes to a
repository . \h
3.3.1 Minimize adverse terrain along potential Wwast transport routes
3.3. 2 Optimize distance from existing transportation corridors

ldentify locations for which environmental impacts can Rni \Eigated to the extent reasonably achievable
t fotic systems
4.2 Minimize impact on abiotic systems
4.2.1 Minimize impacts on surface geology ‘
4.2.2 Minimize impacts on water quality and availabi ity )
4.2.3 Minimize impacts on air quality ‘

4.3 Minimize adverse impacts on the existing socioeconomid status of individuals in the affectcd area .

4.3.1 Minimize adverse impacts on local economies e
4.3.2 Minimize the adverse impacts on life style =~ (. \\
4.3.3 Minimize conflicts with private land use \jbb
4.4 Reduce impacts on institutional issues .
4.4.1 Cooperate with State and local officials ‘ P
4.4.2 Carefully implement Federal regulations
4.5 Hlnimize adverse impacts on significant historic and prehis‘&oriéL ultural resources
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Objectives used for site scresning by the NNWSI Project and the
DOE and NRC criteria existing at the time of scre
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5-1-84 Draft

22-May-84/28
Table 2-3. Physical attributes used to discrimwnate among alternat1ve
- locations of the’ screeninq area-
No. Attribute Discriminating conditions
GEOGRAPHICAL ATTRIBUTES
1 Volcanic potential Relat1ve potentIal for basaltic eruptions
2 Fault density Relative density of faults and fractures
3 Fault trend Relative potential for fault movement
4 Age of faulting Fault ages = ‘
5 Natural setismic potential Expected ground acceleration (g)
6 Weapons seismic potential Expected ground acceleration (g)
7 Bed attitude  Amount -of rock dip (degrees)
8 Erosion potential Projected erosional intensity
9 Flood potential Flood hazards r”/fi
10 Terrain ruggedness Slope steepness—£%) ~™ - - .
11 Resource potential . Potential for covered metal ores
12 Ground water resources . - Potenti@\ for'deveTopment of potential
o , L ground,w&;er supplies 3
13 Ground water flux f”’—;turateﬂfg;ound water flux (m°/s) .
14 Ground water flow_,,«—~ ”pgradient distance from potential production
direction - \ areas
15 Thickness of unsatucg;ed : "Depth to water table
- zone '
16 Sensitive floral species . Potent131 for the occurence of sensitive .
o species
17 Sensitive faunal species Likely species habitats
18 Revegetation potential Vegetation assemblages
19 Known cultural resources Types and sites of cultural resources
20 Potential cultural Potential density of undiscovered cultural
resources resources ) , ‘
21 Air pollution potentia1 Air quality zones
22 Permitting difficulties Land ownership and controtl
23 Private land use Private and nonprivate land
- ~ - "HOST ROCK: ATTRIBUTES - -
24 Thermal conductivity Thermal conductivity (W/m-°K)
25 Compressive strength - Unconfined compfesSive strength (psi)
A (containment) , :
26 Compressive strength ' Unconf1ned compressive strength (psf)
(construction) : B
27 Expansion or contraction Expansion or contraction behavior upon -
o heating
28 - Mineral stability "Mineral stability upon heat1ng
29 Stratigraphic setting Stratigraphically weighted sorption potential
30 Hydraulic retardation " Potential for radionucl ide diffusion into the
- - S ' "o -rock matrix 2
31 Hydraulic transmissivity - Hydraulic -transmissivity (m“/s) -
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6-1-84 Draft
25-May-34,2

geographical attribute showing the distribution of physical conditions
reprasented by that attributa. A value for appropriate rock properties was
assigned to each candidate rock type for 2ach host-rock attribute.

Favorability estimatas for the varicus physical conditions raprasented by
sach of the attributas were compilad as graphs (Figure 2-10). These graphs
constituted quantitative screening critaria by which the relevant physical
attributas of the screening area were comparad with the objectives. The
attributes used to avaluate locations with respact to each of the jower lavel
objectivas were also weighted to allow the relative importance of various types
of physizal conditions to be distinguished (Table 2-4).

/’,,/‘

The objectives, attributes, favorab111£y grapnsi=§e ght;. and a base map
of the screening area were digitized on an AP LCOﬂ’graph1cs system. Compouter
software was developed to calculztezehe relarf?effavorab111ty for each of 1514
nalf-mile centered grid cele of thefoase mao and for each of nine candidata
~ock tymes (Sharp, 1984). Ihe calculations multiplied the favorability value
aof each attribute for each'@?id cell’or nost rack, as aperopriata, by the
~aight of the attribute (Tabie 2-1 entries rapresent weights assigned to =2ach
attribute). The resulting numbers were then muitiplied by the weights of the
appropriate lower-level objectives (Table 2-5) and added together for a total
rating scora for each of the 15124 grid cells and for each rock type. Finally,
the total scores were scaled to a maximum of 100,000,

Results of the calculations wera displayed 2s maps showing ratings of all
1514 grid cells (Figure 2-11, top) and as lists showing host-rock ratings for
both saturated and unsaturated conditions {(Figure 2-l1, lower left) (Sinnock
and Fernandez, 1982)}. Grid call ratings shown on the maps were grouped into
high, intermadiate, and low favorability categories. These categories
correspond, respectively, to scores of greater than one standard deviation
above the average, within one standard daviation of the average, and graater
than one standard deviation below the average (Figure 2-11). The histogram in
the lower-right corner of Figure 2-11 shows the range of scores from which the
average and standard deviation were calculated. Figure 2-11 shaows ratings
obtained independently for grid calls {top) and host rocks {lower left) when
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Table Zoi (Con't)

WEIGHTS ASSIGNED *9 EACH GECGRAPHICAL AND
NOST RCCK ATTAIBUTE FOR EVALUATING SITE
CONCITIONS WITH RESPECT TO E3CH LOWER LEVEL
GSJECTIVE. - THREE-TISRED MIERARCHY IS
GIVEN IN TABLE 2.1: PERCENT [MPORTANCE FOR
UPPER (1), MIDDLE (III ARD I.GHER {1I)
LEVEL QBJECTIVES ON FIGURES 2-9c AND 2-3b,
QISCRIMINATING mn’ OMS FOR GECGRAPHICAL
ANQ MOST ROCX ATTRIBUTES IN T2QLE 2.1: AND
WEIGHTS ASSIGNED TO LOWER LEVEL [{II)
OBJECTIVES GIVEX IN TRBLE 2-3.
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Table 2-5. Nelghts assigned to lower-level objectives® for calculating
rating scores for each of the 1514 grid ce11s and for
each rock type

Objectivebﬂ ~ Weight (%)°©
1.1.1 Chemical : 68
1.1.2 Mechanical 32
1.2.1 Seismic - 37
1.2.2 Erosional- - - 14
1.2.3 Volcanic ' = 3!
1.2.4 Human intrusion : R 23
1.2.5 Miscellaneous 5
2.1.1 Ground-water flow - -. ... . 39
2.1.2 Nuclide retardation 30
2.1.3 Host rock thickness -~ 23
2.1.4 Volatile migration _— 8
2.2.1 Tectonic : T~ L 3
2.2.2 Climatic _ e \ — , 21
2.2.3 Geomorphic ' - 20
2.2.4 Human induced -~ ;:T ,-:> 5
2.2.5 Miscellaneous and’complexity ' : 8
3.1.] SeismfCizy N . 21
3.1.2 Monitoriggfrequffbments ' 12
3.1.3 Foundatign-Conditions : 26
3.1.4 Wind loads , 10
3.1.5 Flooding - ' 18
3.1.6 Available natural resources 13
3.2.1 Seismicity S 15
3.2.2 Flooding : S ‘ 21
3.2.3 Mining conditions : , 27
3.2.4 Host rock geometry . - 15
3.2.5 Host rock homogeneity A 12
3.2.6 Waste package acceptance : 10
3.3.1 Terrain : 71
3.3.2 Existing corridor R .28
4.1.1 Sensitive systems ‘ o - 10:
4.2.1 Surface geology . S 22
4.2.2 Water quality _ S o ' 46
4.2.3 Air quality : S L 32
4.3.1 Local economies : R ) |
4.3.2 Life styles - 42 -
4.3.3 Land use 17
4.4,]1 State issues = : : 53
4.4.2 Federal regulations . 47
4.4,.3 Archeological and historical sites - - - 100

a See Figures 2-10 2 and b for depiction of weights and standard deviations.

b Only general des1gnat1ons, see Table 2-1 for complete statement of
object1ves. _

¢ Weights for each Qrodp bf 1ower-1evél objectives sum to 100%.
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Figure 2-11. Example of results of screening analysas. Ratings of the
1514 grid c211s that make up the base map are grcuped into
three catagories (see legend). Typical histogram of rating
scores used to place individual grid cells into high, medium,
and low cateqories is shown at Tower right.
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all objectives and associated attributes were used to calculate the scores.
Figure 2-12 shows the ratings obtained by adding the score of the highest ratad
rock type occurring baneath the surface at each grid cell to the scores of the
grid cells represented on the map of Figurs 2-11. Some Tocalities within the
screening area are not underlain by any of the nine rock types avaluated,
therefore they had a score of zero added to tha corrasponding grid cells.
Accordingly, the total scores of these grid cells wera relatively low as shown
by the histogram at the bottom of Figure 2-11. '

Figures 2-11 and 2-12 show tha results of only two of 19 separate analysas
that were performed. The other 17 were based on selecgggifybsets of relatad
objectives or attributes. These analysas, discg;ffg by~Sinnock and Fernandez
(1982), were used to investigate the facgg;; conyrj§hting“m05t to the scores of
alternative locations and rock typas. Bgsgﬁ\qn groupings of similarly rated
grid cells for most or all of fﬁ;;;zggragg’iﬁaiyses, 15 relatively distinct
locations were identiffé&:;;igurefzrba). In this manner, alternative locations

-
for a repository were estat]ished by the analyses.

The 15 Iocatioés were ranked according to the number of analysas for which
all or most of the grid calls within each location rated high, medium, or low
(Figure 2-14). To quantify the basis for the rankings, the weights associatad
with each of the rating catagories shown on Figure 2-14 were summed for each
Tocation for the 12 analyses that considered different combinations of
objectives (Table 2-6).

As is apparent from Figures 2-11, 2-12, and 2-14 and Table 2-6, northern
Yucca Mountain (1ocation J, Figure 2-13) ranked highest, primarily due to high
ratings for objectivas concarning long-tarm isolation qualities. Potential
drawbacks at northern Yucca Mountain are suggested by relatively low ratings
for near-term objectives, including low-cost construction of surface facilities
and environmental impacts of construction and operations (Figure 2-14). Thres
rock types at this location rated highly enough to consider them for use as
potential repository host rock. These rock types are the saturated and
unsaturated Calico Hills unit, the unsaturated Topopah Spring Member, and the
saturated Crater Flat Tuff (Figure 2-11, Tower left).
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(Tocation J) is larger than but encompasses the current
target site.
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Table 2-6. Ranking of alternative locations (highest to lnwest from top to bottom)
' based on the nimber and weights of rating categories for the 12 analyses of
related objectives shown on the first 12 colwnns of Figure 2-14.
Rating category from Figure 2-14
High and 5 © Medium and
High medium Medium low Low
Location Ho. Meight Mo, yelghég No. HWeight No. Weight No. Weight
. LY

Morthern Yucca Mountain 6 17679 1 %2.42' 2 3059 3 2041 0  -0-
Northeastern Jackass Flats 4 82.56 2 41,51 5 73.48 1 93.66. 0 <0-
Calico Nills-upper Tonopah Hash " 3 Jjo.14 2 122.06 1 52.43 3 39.08 3 46.91
Eastern Crater Flat 03 6.56 5 10519] " g 172,24 0O -0~ 1 . 6.51
Central-Southern Yucca Mountain. = 0  -0- 6 156,91\ W - 86422 2 30.52 1 17.50
Fortymile Canyon-Yucca Wash .~ - o . -0- 4 8.5 -~ 2 . 58,97 4 112,16 2 41.51
Amargosa Desert - = 0 -0- 3 48.91 3 157.38 4 73.83 2 13.09
Hestern Jackass Flats 0 - -0- 3 46.91 \ \g, y 100.17 2 74.25 5 69.88
Little Skull Mountain ' 0  -0- 2 13.06 ° 117.29 3 63.71 4 97.15
Kiwl Mesa-Mid Valley Pass 0 -0- 3 30.14 - -0- 5 120.50 4 110.57
Central Jackass Flats -0 -0- 0 -0~ 96 2 74.25 . 0O =0-
Eastern Jackass Flats .0 -0- 0 -0- Zig 9 211.57 0 -0-
Rock Valley 0 -0- 9 -0~ \\ 9 162.64 2 122.06
Striped HilVs-Specter Range - 0 -0- 0 -0-. 33. 13 3 52.03 7 . 206.05
Skull Mountain 1 6.51 0 2 33.13 7 221.97

=0- 2

24360
y ,i?\
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Two other locations, northeastern Jackass Flats and Calico Hills-Upper
Topopah Wash (locations L and N, respectively, Figure 2-13), also rated
generally high. High ratings at northeastern Jackass Flats are primarily due
to favorable environmental, surface terrain, and hydrologic attributes.
However, this location is not underlain by any of the host rocks evaluated and
it had relatively low ratings when host-rock attributas were considerad (Figure
2-12). Less favorable tactonic attributes also detracted somewhat from its
ratings.

The third location, Calico Hills-Upper Topopah ‘Wash, in contrast to
northeaétern Jackass Flats, rated low for geographical attributes, and high
only when host-rock attributas were considered. Argi}*ﬁfz:and parhaps granite
occur beneath Calico Hills and Upper Topopah wagﬁggﬁhOugh the granita may be
too deep for repository use. Argillite was.the\frf’% and gran1te the second

.rated rock types, for both satprﬁfEd and gﬁsq;urdfbd conditions, and they
strongly contributed tg/tﬁE‘h1gh‘T;zings’at this location (compare maps from _
Figures 2-11 and 2-12}. Hvdrolog4c attr1butes at Calico Hills-Upper Topopah
Wash also rated very higb<’ﬁhereas tactonic, surface terra1n, and human
disturbance attributes generally rated low.

The other 12 locations rated significantly lower than thaose discussed
abave.

Yucca Mountain emerged from the formal screening, in agreement with the
less formal siting activities described in Section 2.2.3, as the Tocation on or
near the NTS that offars the greatest potential for site qualification. The
screaning systematically compared only the relative merits of altarnative
locations considered in the study. More site-specific data are needed to allow
quantitative predictions of expected short- and long-term environmental and
health impacts of repository davelopment. Site characterization is expected to
provide the information necessary to confirm the suitability of Yucca Mountain,
currently inferred from the site exploration and screening just described.
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1

2.2.5 Selection of the target repositoéy_host rock

Complementing the screening for locations described in Section 2.2.4, a
'separate screening activity was conducted in 1982 and early 1983 to look in
" greater detail at the relative merits of alternative rock types at various
Avdepths beneath Yucca Mountain. By ‘the end of 1981, four rock units had been
identified, in part based on the location screeq1ng,‘as primary candidates for
a repository. Two units are in the unsaturated zone: the Topopah Spring Member
:0f the Paintbrush Tuff and the tuffaceous beds of Calico Hills. The two other
units, the Bullfrog and Tram Members of- the Crater Flat Tuff, are located below
‘the water table (Figure 2-15). The objective of the f/;ma% evaluation of these
four units was to rank them using existing datq’;nd‘anafytical methods, supple-
mented by engineering and scientific Judgment. \Fﬁfﬁhly 1982 in the midst of
the study, planning for an Exploratory Shqﬁtxrequjred that a target horizon be
chosen., Based on information avgjiahlevgg"hat time, the Topopah Spring Member
was designated as the deston refer’ﬁee unit. The final evaluation of the four
rock units {Johnstone et at., 1984) completed seven months later, supported
this pre11m1narv decision. g

Several physical properties of the various rock units were used to compare
excavation stability, mineability, thermal loading 11m1ts, far-field thermo-
v mechanical behavior and ground-water travel time. ,
The rankings are summari zed fn Table 2-7.1 Mineébility considered specif-
" fcally the anticipated ease and cost of»thé'mihing process. The Calico Hills
unit was-a clear choice with respeéi to this factor because continuous mining
machines could be used rather than the more time consuming and expensive
drilling and blasting technigues required for the welded units. Even-so, the
lmain result from the mineability comparison was that no units were eliminated;
all units can be mined successfully with conventional techniques.

Gross thermal loading did not discriminate much among the four units.
Loading densities required to keep the floor temperature of emplacement drifts
within design limits varied only from 54 to 57 kW/acre. Considering the
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Table 2-7. Ranking of four rock units identified as primary candidates
for a potential repository host rock (Johnstone and Peters,
1984)(4 is lowest rank; 1 is highest rank) _

Relative rank®

Topopah Calico
Comparison factors » Spring ~Hills Bullfrog Tram
Excavation stability
calculated near-field 1 4 2 3
thermomechanical ,
response :::f::
e A ,
rock matrix properties 1 o = \_3 4 4
A R
Norges Geotekniske Insti- 1 o - I | 4
tute Classificationd «'j::‘ ;:::::> |
NS
Council for Scienfiffe, and‘\;"-1~ ~ 1 2 2
Industrial Resgarqn,r '
Classification _,z”)
Mineability 2 1 3 4
Gross thermal loading 1 4 2 3
Far-field thermomechanical o ‘,1; 2 3 4
response
Ground-water travel time to ‘: 1 2 . 4 -3

the water table

a Lowest number is;higﬁest rank;;
b sarton, 1976.
¢ Bieniawski, 1976.
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variability of tharmal properties within each rock unit, the four units are
nearly identical with respect to temperature effects due to emplacement of heat
generating wastas.

Calculations of far-field, thermal effects also did not discriminate
significantly among the units. All units were pradicted to affect the far
field in virtually the same way. None of the thermal calculations suggested
any failure mode for repository performanée due to the temperature changes
expected in any of the units. Although the differencas among them were very
slight, the rock units were still ranked on these two thermal factors (see

Table 2-7). . | :::f:;

The stability of mined tunnels in each un{gigéélevafhated by three
different approaches. Near-field puﬁe?\c lcdljtions indicated clear
superiority of the three welded gﬁBts. A subrank1ng among these thres units
showed that the Topop&ﬁjggi;ng Hemﬁéf’would be the most stable. An evaluation
of rock matrix propertif”g;aVTded a more traditional approach to comparing
anticipated stability among the four units. This ‘method also showed that the
Topepah Spring Member was clearly more stable than the other three units. Two
published techniques for classifying the suitability of rock masses for mining,
the Norges Geotekniske Institute (NGI) method and the Council for Scientific
and Industrial Research (CSIR) method (Barton, 1976; Bienfawski, 1976), were
also used to evaluate mine stabilify. Based on the NGI system, the Topopah
Spring Member was clearly superior to the other three units. Distinctions
based on the CSIR system were less dramatic, but this method also ranked this
unit first. However, none of the units was classified as unsuitable or
unusually dangerous with respact to mine stability.

Vertical ground-water travel times from the candidate repository horizons
within each rock unit to the water table were estimatad. Ground-water travel
time estimates for each rock unit assumed porous flow and did not include the
effacts of heat. Considerable uncertainty existed in the estimates for each of
the candidate rock units. Travel times from the Eepository horizon to the
water table were estimated to be thousands of years. For rock units in the
saturated zone, extreme variability in the assumed hydraulic parameters yielded
travel time estimatas that varied by as much as up to six ordars of magnituda.
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Travel times in the unsaturated units were longer than in the saturated.
Because 1t is an unsaturated unit, and because it is farther from the water
table than the Calico Hills unit (see Figure 2 15) the Topopah Spring Member
ranked highest.

‘Based on the unit evaluation studies; the first choice for the target
horizon was the Topopah Spring Member of the Paintbrush Thff;"The second
choice was the Calico Hills. The third and fourth choices were the Bullfrog
and the Tram Members, respectively. The exact depth and position of a repos-
itory in the Topopah Spring Member will be determihed'during site'character-‘
jzation, based on fpck properties that affect predictgg,pngormén;e. mine
design, and economic tradeoffs between the cos;;,ef‘facﬁTity construction and
operations. Nothing in the study suggestad that ﬂ" of the rock units
considered would be unsuitablg/fg;.a repositnry.»

- /
’/‘. /" /
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v

-
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2.3 EVALUATION OF THE YUCCA MOUNTAIN SITE AGAINST THE DISQUALIFYING
CONDITIONS OF 10 CFR 960 (DOE, 1983)

The procass for the selection of the first site for a nuclear waste
repository was established by the Nuclaar Waste Policy Act of 1982 and the
implementation section of the 10 CFR 960.3. This process raquires that the DOE
identify within 90 days of enactment of the NWPA, “potentially acceptable
sites” and, in the same time period, notify the host states and affected Indian
tribes of such identified sites. A notification that Yucca Mountain is a
potentially acceptable site was sent in February 1983 to the Stats of Nevada
(Hodel, 1983). The praocass by which Yucca Mountain was identified as a
potentially acceptable site is outlined in the‘ggngous,séﬁfion.

//. .

from all potentially acceptable 51tes 1n the ‘U.S. identified under the
NWPA procaess, the DOE is requ1rég:§o nom1nate~at 1east five as suitable for
site characterization.~ The purpose of this Environmental Assessment (EA) is, -
in large part, to provide the information necessary to accompany the nomination
of Yucca Mountain for stte characterization. The first step in the nomination
process, as requirad in 10 CFR 960.3-2-2-1, is to evaluate each potentiaily
acceptable site against the disqualifying conditions listed in the technical
guidelines of 10 CFR 960.4-2 and 10 CFR 960.3-2. This step is to ensure early
in the process that any site considered for nomination is not disqualified on
the basis of available evidence. Table 2-8 summarizes the evaluation of Yucca
Mountain with respect to the disqualifying conditions. Because no disqualify-
ing conditions are judged to exist at Yucca Mountain basad on available
information, DOE has carried out the remaining steps listed in
10 CFR 960.3-2-2-4 needed to support nomination of the Yucca Mountain site as
suitable for characterization. As applicabie to Yucca Mountain, which is the
only identified potentially acceptable site in its geohydrologic region, these
other steps (and the supporting sections of this EA) are:

1. Evaluation of the site against the technical guidelines that do not
require site characterization for their application (Section 6.2).
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- any poartion of underground lacillty less
than 200 meters deep B -

s 10 CFR 960.4-2-6(d): DISSOLUTION

. - dissolution during first 10,000 yr
causing hydraulic pathway with re-
leases qreater than alloued by systen
guldeline o

o 10 CFR 960.4-2-8/1(d): NATERAL RESOURCES

- previous mineral exploration creating

. Not disqualified

ot disqualifled

-stgnificant ?athuays between reposltoryf" .

"and accessible envlrunnent

s 10 CFR 960.5-2-1(d): )
POPULATION DEN, 8 DIST.

- any surface facility ln a blghly popn- o

lated area
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of operating personnel
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Table 2-8. Summary of evaluations of the Yucca Mountain site against the disqualifying conditions
_ Disqualifying condition Conclusion Referénce Synopsis
e 10 CFR 950.4-2-1{d): GEOHYDROLOGY Not disqualified 6.3.1.1 tost likely flow time Lo the accessible envi-
. = Jess than 1000 yr ground-water travel ) » . roment s more than 20,000 yr
t'ﬂe e . . »
o 10 CFR 960.4- z-sw) EROSION Mot disqual ified 6.3.1.5 Most of underground facility would be more

300 m deep; shallowest parts more than 225 m
deep ,

Tuff not considered (u be a soluble rock; dis-
qualifier fs more appropriate for evaparites

‘Mo at- depth expluratlon ldeut!tled at Yucca
Houn!ain..

4

osa2.) ‘:',“Vncca’EOuniain 1s Jocated in least densely

\/

6.2.1.6

- 6,3.3.2

RN\

populated portion of contiguous U.S,

|

No;-\\;eptable adverse impacts have been
\lden Cled and the repository would not con-
flict with any other land use,

Ho rock characteristics that could lead to
sionificant health or safety risks have been
identified
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2. Evaluation of the site against the tachnical guidelinas that do
require data from site characterization (Section 6.3).

3. Evaluation of the effects of sita characterization activities on
public health and safety and on the environment (Chapter 4).

4. Assaessment of the regional and local impacts of locating a repository
" at Yucca Mountain (Chapter 5).

5. Comparative evaluation of Yucca Mountain and all other sites proposed
for nomination for sitea characterization (Chig;st:j).
2 N

Summaries of the findings for each the d1§:ﬁal1‘ymng conditions are
presented in the remainder of thi ectq0g> Detajls of the evaluation of Yucca
Mountain against the disqgy l1f§;E;;iqnditfﬁﬁ§ are presented in Sections 6.2 and
6.3 of Chapter 6 alonq/:;;:\s1mvla’71rdeta11ed evaluations against other systém
and technical gu1de11na{’/,Iable 2-8 refers to the subsections in Chaptar 6
w~here details ara available to support the conclusicas presented.

Geohvdrology {10CFR960.4-2-1(d); Section 6.3.1.1)

Disqualifying Condition: A site shall be disqualified if the expected
pre-waste-emplacement ground-water travel time along any path of likely
radionyclide travel from the disturbed zone to the accessible environment
is less than 1,000 years, unlass the charactaristics and conditions of the
geologic setting, such as the capacity for radionuclide retardation and

the ground-water flux, would limit potantial radionuclide releases to the

accessible enviromment to the extent that the requirements specified in
Section 960.4.1 could be met,

Analysis of field and laboratory data indfcates that the expacted
pre-waste-emplacement ground-water travel time along all paths of likely and
significant radionuclide travel from the disturbed zone at Yucca Mountain to
the accassible environment exceeds 1000 years. The flow paths of interest at
Yucca Mountain include sagments in both the unsaturatad and saturated zone.
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- Flux through the potential host rock is determined by the volume and rate
of infiltration and the hydraulic properties of rocks in the unsaturated zone.
Upon reaching the water table beneath Yucca Mountain, this water joins other
groundwater in transit from sources of recharge north and northwest of Yucca
Mountain, and moves -generally horizontally to the accessible environment.
Uncertainties in the estimate of travel time at Yucca Mountain include the lack
of definition of the extent, and therefore the outer boundary, of the reposi-
tory disturbed zone; -and differing permeabilities along potential travel paths.

Erosion (10 CFR 960.4-2-5(d); Section 6.3.1.5)

Disqualifying Condition: The site shall bg,efsauafified if site
conditions do not allow all portions~of the TAdergrownd facility to be

situated at least 200 meters,helow tgé\ﬂrrecrlz overlying ground surface.
— /‘,’—'

The welded tuff §f.-the Topopiﬁusbring Member of the Paintbrush Formation™
is the potent1a1 reposituf’ host rock at Yucca Mountain. It has sufficient
. thickness -and depth that all portions of the underground facitity will be
© located at least 200 m (650 .ft) below the directly overlying ground surface.
On the basis of existing information, approximately 75 percent of the waste
could be buried more.than 300 m (1000 ft) deep. -

‘Dissolutjon. {10 CFR 960.4-2-6{d):. Section £.3.1.6)

) bisqualjfying Condition: The site shall be disqualified if, during .the
first 10,000 years after closure, active dissolution fronts will cause an.
interconnection of the underground faci1ity to: the geohydrologic system of
the site such that the reauirements specified in Section-960.4-1 cannot be
met .

The minerals whiéh compose the rock in and around the Yucca Mountain site
are considered insoluble -and no dissolution is expected to occur ‘even-at the
elevated temperatures anticipated near the waste canisters. Consequently, the
formation of active dissolution fronts is not a2 logical expectation for
conditions at Yucca Mountain.
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The host rock for the proposed repository horizon at Yucca Mountain
consists of the moderataly to densely welded and devitrified portion of the
unsaturated Topopah Spring tuff. About 95 percent of the host rock consists of
alkali feldspars, quartz, and cristobalite, which are minerals that are not
prone to dissolution. Below the proposed rapository horizon some parts of the
Topopah Spring tuff consist of as much as 77 percent volcanic glass (the most
soluble phasas prasant), but calculations show that no more than 0.3 cm
{0.1 in.) of the 30 m (98 ft) of vitric rock could be dissolved in 10,000
years. This is such a small volume that no significant change in the
beohydrologic system could reasonably be expectad.

Human Interfarence: Natural Resources (10 CFR 960.4-2-%:?{3); Section 6.3.1.8)
=
Disqualifying Condition: A site shaTl be disaqqalified if previous
exploration, mining, or extra@tion'aétiVitiés‘for rasgurces of commarcial
importance at the sita> havefEreated—sjgjificant pathways between the
projected underground facility and the accessible environment.

-

d
P
-

Thorough examination of the Yucca Mountain sita and the surface above and
around the projected underground facility, as well as comprehensive searches of
literature and mining claim files have disclosed no avidence of previous
exploration, mining, or extraction activities for resources of commarcial
importance. The site is within an area of Federally controlled lands, most of
which were restricted in the early 1950s to prevent public access, and thereby
excluded from exploration and development. The U. S. Geological Survey has
also mapped the entire area by physical inspection of the ground surfaca, and
it is extrémely unlikely that unknown excavations exist at the site.
Consaquently, no significant pathways have been created between the projectad
underground facility and the accessible environment.

Population Density and Distribution (10 CFR 960.5-2-1{d);: Section 6.2.1.2)

Disqualifying Conditions:

(1) Any surface facility of 2 repository would be located in a highly
populatad area.
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(2) Any surface facility of a reoository would berlocated adjacent to an
area 1 mile by 1 mile having a pooulation of not less than 1,000
individuals as enumerated by the most recent U.S. Census.

(3) The DOE could not develog'an emergency preparedness program which

meets the requirements specified in DOE order 5500.3 (Reactor and

Non-Reactor Facility Emergenox'Planning, Preparedness, and Response

Program_for Department of Energy Operations) and related guides or, whenh

issued by the NRC, 10 CFR 60, Subpart 1. 'Emergeggy Planning Criteria."”

: _— ”,,:: .

The nearest highly populated area to Yuccg,ueﬁhtaf‘ with population
densities of 1000 -or more per square mile~is La5'1§3as which 1s about- 150 km
(95 mi) away. Consequently, surf facit:ties at Yucca Mountain would not be
located within 2 highly populateg:hnea. T"addition an existing Emergency
Preparedness Plan coverszitc:dentiT‘f@Iease of radionuclides as a result of
weapons. testing at the NeVédu Test ‘Site (DOE, 1983). No problems are
anticipated for preparation of a plan covering airborne or waterborne releases
from an operating repository at Yucca Mountain.

Environmental Quality (10 CFR 960,5-2-5(b}; Section 6.2.1:6)
Disqualifying Conditions;

(1) Repository construction, operation, closure, or decommissioning would
- result in an unacceptabie adverse_impact-on-the health or welfare of the
public or the guality of the enviromment, 1f‘sochuimgact;cannot be -
mitigated by reasonable measures, taking into account technical, social,

economic, and environmental factors.

(2) Any part of the restricted area or_repository support facilities
would be located within the boundaries of a component of the National Park
System, the National Wildlife Refuqe/System,—the'National Wilderness

Preservation System, or the National Wild and Scenic Rivers System.
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(3) The prasence of the restricted area or the repository suoport

facilities would conflict irreconcilably with the previously designated
use of 3 comoonent of the National Park System, the National Wildlife
Refuge System, the National Wilderness Praservation System, or the
National Wild and Scenic Rivers System, or any comoarably significant
State protected resource that was dedicatad to rasource praservation at
the time of the enactment of the Act.

'

If a repository ware to be Yocated at Yucca Mountain on the basis of
axisting information, its conétruction, aoperation, closura, or decomnissioning
is not expected to result in any unacceaptable adverse’ggyfrpnmental impacts
that threaten the health or wel fare of the pub[jf:gr thé\qyality of the
environment, Neither the restricted area,\nor'ths" ppoﬁéing facilities for a
repository at Yucca Mountain, 82911 De fogﬁéeQ Qt;hin the boundaries of or
irreconcilably conflict with Ehejﬁ?évio@;}?ﬁﬁééignated use of the National Park
System, the National Wfié;ifé Refyﬁé’System, the National Wilderness -
Presarvation Systenm, or-Egg,National Wild and Scenic Rivers System or any
ccmparabiy significant Stats protected raesource dedicated to resource
oraservation.

Environmental impacts associated with construction, operation, and/or
decommissioning of a repository at Yucca Mountain include (1) disruption of
approximately 600 ha {1500 acres) of desert habitat, (2) fugitive dust
emissions, (3) vehicle emissions, (4) natural radiological releasas from
excavation of volcanic rock for the repository, and (5) operation of the
repository, includiﬁg operational accidents. Tha repository will be designed
and operatad in complfance with all applicabla stata and Federal health, safety
and environmental protection regulations.

' Rock Charactaristics (10 CFR 960.5-2-9(b); Section 6.3.3.2)

Disqualifying Condition: The site shall be disqualified if the rock
characteristics are such that tha activities associatad with repasitory
ccnstructidn, operation, ar closure are projected to cause significant
risk to the health and safety of personnel, taking into account mitigating
measuras that use reasonably available technology.
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Based upon currently qva%lab1e laboratory and field data for Yucca
Mouﬁtain and observations and experience in similar excavations at similar
depths, activities associated with Cdnstruction. operation, and closure are not
projected to cause significant risk to the health and safety of personnel.
Opening stability has been evaluated using thermomechanical stress analyses,
rock mass classification and linear calculations for mine_design/bilIar sizing.
These calculations show that existing mihing'techno1ogy is sufficient to
construct and maintain underground-opening;“in the Topopah Spring Member that
will 2llow repository operations to be carrted out safely from construction
through decommissioning, . -

/\@@ o
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Chapter 3

YUCCA MOUNTAIN AND THE EXISTING ENVIRONMENT

This chapter describes the existing environment of Yucca Mountain and
surrounding region and includes thoSe»areasAthat_may,be affected by proposed
site characterization activities (Chapter 4) and possible future development as
a repository (Chapter 5). Yucca Mountain was selected by the Department of
Energy (DOE) as 2 potentially acceptable site for 2 mined geologic repository
(Hodel, 1983)., The area identified as the Yucca Mount 'te is shown on
Figure 3-1 and in other figures in Chapter 3.1 n limited-access
Federal land, and is controlled by the U i
Management (BLM), and the DOE.

This section describes the 1ocat1on, present use. .geology, hydralogy,
environmental setting, transportat1on and soc10economic characteristifs of the
Yucca Mountain site and surrounding.region. The environmental setting sections
include land use, terrestrial and aquatic ecosystéms,'air quality, weather
conditions, noise, aesthetic resources, archaeology, and cultural and historic
resources. Discussions presented in each section have been developed from
axisting 1nformation in accordance with the Nuclear Waste Policy Act of 1982 -
(NWPA).

3.1.1 Location, general appearance and terrE1ﬁ;‘aﬁd.brésent use .

Tne Yucca Mountain site, shown on Figure 3-1, is located on and
immediately adaacent to the southwest portion of the Department of Energy's
Nevada Test Site (NTS). The NTS is located in Nye County, Nevada, about 105 km
(65 mi) northwest of Las Vegas.
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~ The Yucca Mountain site lies within the physiographic Basin and Range
Pfov{nce, that is a broad region of generally;]ineardeuntain ranges and
intervening valleys. The site lies in the southern part of the Great Basin, a
subdivision of the Basin and Range Province with internal surface drainage.
Figure 3-2 shows the phySiographic'featUres in the site area. The elevation of
northern Yucca Mountain is approximately 1500 m (5000 ft); which is more than
370 m (1200 ft) above the western’edge:of_dackass Flats to the east and more
than 300 m {1000 ft) higher than the eastern edgé of Crater Flat.

Yucca Mountain i}ya prominent group of north-trending,Lfgultfbjpck ridges
that extend southward from Beatty Hash’qﬁ’the northwest to U.S. 95 in the
Amargosa Valley. Topography at the site is contro11ed<§ir’ﬂgh-angle normal
faults and eastward tilted volcanic rocks. Slog€s—he loda\ly steep (15° to
30°) on the west-facing side of Yucca Mo ngan a dcgTong some of the valleys -

- ) 1 v
that cut into the more gently ﬁleﬁfﬁ (54 .

°)“2ast side of Yucca Mountain.
The valley floors are @B ?/Luju T Sandy fans extend down from the .
lower slopes of the ridgés.) Kortymile Wash is cut from 13 to 26 m (40 to

85 ft) into the surface ackass F]até. -North of Yucca Wash fs the high,
rugged volcanic terrain of Pinnacles Ridge. To the west of Yucca Mountain,
along the west side of Crater Flat, Steep alluvial fans exténd from deep

'va11eys that have been cut into Bare Mountain. Basalt cones and small lava
flows are present on the surface of the southern half of CEater;F]at. -

The Yucca Mountain site is located exclusively within lands controlled by
the Federal government. The land parcel under consideration, which includes
both the proposed geologic repository, the repository surface operations area,

_and all of the proposed controlled area, is divided as follows: (1) the U.S.

Dgpartment‘of Energy controls the eastern portion through the withdrawn land of
the Nevada Test Site (2) the U.S. Air Force controls the northwestern portion
through the land-use permit for the Nellis Air Force Range (NAFR); and (3) the
Bureau of Land Management holds the southwestern portion in public trust.
‘There are no competing land-use activities at the site. The U.S. Air Force
portion of the site is used exc1u§ively for overflight and contains no
facilities. The BLM administered portion of the land has no grazing permits or
mineral claims and is not used for recreational purposes (Bell and Larson,
1982). ' : '
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These lands are currently free and clear of encumbrances, such as rights
arising under general mining laws, easements for rights-of-way, and other
rights arising under lease, right of entry, deed, patent, mortgage, appro-
priation, prescription or other such potential encumbrances (Bell and Larson,
1982). - ) . S ' o

- 3.1.2 Geology

This section -describes the stratigraphy, structure, seismicity, and
mineral-resource potential of the Yucca Mountain site and nearby areas. Unless
otherwise referenced, the general descriptions of stra"grtﬁhy and structure
are from Lipman et al.‘(1966), several articles 1q;£bover* 1968), Byers et al.
(1976), Christiansen et al. (1977), Stewar; (1980)1’§%nnock {1982), and
Maldonado and Koether (1983). ,joﬁzrs reqyis;na Zaditional information on the
geologic. development'ofzigi"hern thqga K’e referred to the reports listed .
above and to the many refg,ences\cbnta1ned therein. For more detailed descrip-
tions of the tectonics, caﬁf/characteristics, and geochemistry of the Yucca
Mountain area, readers are referred to corresponding discussions of the
technical siting guideiines in Chapter 6.

An understanding of the geology of the Nevada Test Site and surrounding
areas has been developed through several decades of surface, subsurface, and
geophysical investigations in support of ‘the weapons-testing program. Included
in these studies are geologic maps of the Yucca Mountain area that were
published in the mid-1960s (Lipman-and McKay, 1965; Christiansen and Lipman,
1965.) As described in Chapter 2, detailed geologic investigations of Yucca
Mountain as a potential site for nuclear wastes begad in 1978 when the first
éXploratory hole was drilled. Since that time, geologic studies at Yucca
Mountain have centered on stratigraphy, structure, ‘geochemistry, mechanical
properties, volcanic.history, and seismicity. Many of these studies are still
in preliminary stages. ' : S
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3.1.2.1 Stratigraphy and volcanic history of the Yucca Mountain area

The regional stratigraphic setting of Yucca Mountain is characterized by
the four major rock groups discussad in Chaptar 2. The first and oldest of
these groups, the Precambrian crystalline rocks, are not exposad in the
vicinity of Yucca Mountain but may occur at great depths beneath portions of
the site. The second group, Upper Precambrian and Paleozoic saedimentary rocks,
is present at the surfaca about 15 km {10 mi) east of Yucca Mountain at Calico
Hdills where it is composad of Devonian and Mississippian argillita and
carbonates. This group is also obsarved 30-40 km (19-25 mi) southeast of Yucca
Mountain in the Specter Range and Skelaton Hills where predominately Cambrian
and Ordovician carbonates and some quartzite are expose arbonatas and
quartzite of similar age are also present in th Moqugihs about 20 km
{12 mi) west of Yucca Mountain. S11ur1an ca(bonat have been encountered at a
depth of 1250 m (4100 ft) abou;/%:STkm (1 5’ 23 edst of the Yucca Hountain
arza. Both east and ngse’ﬁ? the q:id the, geophysical evidence suggests that._
the Paleozoic crysta111ne_,ncks Bctur at depths as gr=at as 3000 m {10,000 ft)
beneath the surface.

The third mgjor group, Tertiary volcanic rocks, occurs at Yucca Mountain
and comprises at least the upper 2000 m (6500 ft) of the total stratigraphic
saction. They ara compasad chiefly of rhyolitic ash-flaw tuffs, with smaller
amounts of dacitic lava flows and flow breccias, and minor amounts of
tuffaceous sedimentary rocks and air-fall tuffs.

These rocks form the southern end of the southern Nevada volcanic field, a
large plateau sagmentad by contemporaneous faults and built chiefly of
rhyalitic ash flows and related volcanic material. The ash flows that formed
this plateau were eruptad between about 6 and 16 million years ago from a
compiex of overlapping nearly circular volcanic depressions called calderas
(Figure 3-3). Collaectively, the calderas comprise an area of about 1800 km2
(700 miz). Qutcrops throughout the region indicate that the volcamic rocks
axtruded from this caldera complex once covered an area of more than 6500 kmz
(2500 mi%).

3-6
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Quaternary (and uppermcst Tertiary) deposits comprise the fourth group.
These are represented at Yucca Mountain by alluvium and unsorted debris-flow
daposits in channels that are cut into the uppermost layers of volcanic rocks
and by alluvial-fan deposits that form aprons along the east and west sidaes of
the mountain. Thick alluvium (>200 m or 650 ft) blankets the volcanic rocks
beneath Crater Flat to the west and Jackass Flats to the east of Yucca
Mountain. Aeolian (windblown) sands, caliche, and soil zones also occur in
these thicker Quaternary sections. In Crater Flat, basalt flows and cinder
cones of Quatarnary age are present at the surface, and flows occur also within
the alluvium in the subsurface. )

Caldera evolution and genesis of ash flows —

/-“ \/\\ \\ .
. e Mo
The voluminous ash-flow sheets which-tqmprise_twe majuF thicknessas of
volcanic rocks at Yucca Mountaig,srégina ea> m ‘eruptions during development

of calderas. To place’Egs’ﬁolc;d52>chdeescriptions and tarminology in a
historical perspective; T brief XﬁﬁaéF} of the avolution of a typical caidera
is prowided in this sechio According to Smith and 3ailey (1968), davelopment
of a typical caldera is characterized by seven generai stages. Some stages
overlap, some are repeated several times, and not all take placa at every
caldera. The Timber Mountain caldera, the source for the youngest volcanic
rocks at Yucca Mountain (Table 3-1) went through all seven stages of evaolution
(Christiansen et al., 1977). Although volcanic activity at Timber Mountain
ceased about 11 million years ago, the caldera is still a well-preserved
topographic featura. Its evolution is probably similar to the evolution of tha
older calderas in the vicinity of Yucca Mountain which produced the older
volcanic rocks prasant beneath the site (Figure 3-3).

The life span of a typical caldera, from stage 1 througn stage 7, is
generally about 1.5 to 2 million years (Smith and Bailey, 1968). During
stage 1, magma is intruded into the crust, causing broad doming of the land
surface and crustal extension. Minor eruptions of rhyolitic lavas occurr along
fissures through the dome and along a major zone aof ring fractures, probably
tens of kilaometers in diameter. Stage 2 is characterized by massive eruptions
in rapid succassion through the ring fractures, producing massive ash flows
which spread over thousands of square kilometers. The volume of materijal
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Table 3-1. Generalized volcanic stratigraphy for Yucca Mountain showing
probable source calderas and ages when caldera was active

' T : - : Range 1in b
Age : S o S , o thickness
(m.y.)® Voicanic center Formation Unit - (meters)
11.3 . Timber Mountain . Timber Mountain Rainter Mesa
Caldera Tuff v Member
12 Claim Canyon ‘Paintbrush Tuff Tiva Canyon Member 0- 69,
‘ Yucca Mountain Member 0 - 36"
" Bedded Tuff 0 - 44d
; : . . .: . -Pah Canyon Member = 11 - 83"
13 , : ~_ Topopah Spr, Member 287 - 356
13.4 Northwest part oF : - L\:,;Tuffaceous'ﬁéas of 95 - 306¢
the Calico H11ls : cal H1YT§\ .
........... .. eaam e ae L e e e mea- -
13.5 Crater Flat = Crater Flat N\ Préw Pass Member . 127 - 1765
Caldera Tuff_~ ! N \Bulifrog Member 99 - 161
N U |
Tram CaIdera ”,a—\. . N .~ Tram Member . 158 - 328
......... /‘.--\;{(----- -------.-------’
© 7 Northern Yucca.-_~ \ : ~pacitic Lava and 0 - 1128
Mountain area \ " . Flow Breccia - :
" .Northeastern Crater
Flat
L " Tuff of Lithic 42 - 311®
S Ridge - : :
Northern Yucca S =~ - - Rhyolitic, Quartz -9 - 323
. Mountain area . -~ . .-- lLatitic and Dacitic -
_ o Lave and Flowrsreccia
ND Northeasternf
Crater Flat"™ _ _
Northeastern Yucca ‘~; T Older Ash-Flow and
Mountain (?) 7 o ‘ Bedded Tuffs

m.y. = millions of years.
Thicknesses based on four dri]l holes at Yucca Mounta1n, as reported in
Maldonado and Keother {1983).
l1m=3,28 ft.. .. =
Includes overlying and under1y1ng bedded tuffs. ,
Includes overiying bedded tuffs.
Volcanic center uncertain
Includes underlying bedded tuffs.
ND = no age determination available.
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arupted from a single caldera is commonly many hundreds of cubic kilometers.
Some of the ash flows produced during stage 2 from calderas in southwestern
Nevada are among the most voluminous and widely distributed in the world.

Stage 3 generally occurs at the same time as stage 2. As the magma producing
the ash flews rises to tha surface, the source chamber is drained. The top of
the volcano then collapses into the drained magma chamber along the ring
fractures, forming a circular depression known as a caldera. VYertical
displacement along the ring fractures during the collapse of the caldera
commonly amounts to many thousands of faet. During stage 4 minor volcanism
occurs within the caldera, the unstable outer walls of the caldera undergo
landsliding, and small lakes commonly form on the caldera floor. Stage 5 is
charactarized by rhyalitic valcanism and renewed doming’ﬁ?ﬁhﬁn the cantral part
of the caldera. The resurgent dome is broken by’ a:;ﬁmplex system of faults as
the surface extends. During stage 6, rhyolwt1c lavd flows and ash-flow tuffs
erupt along the ring fractures./’fhese Iatarstage volcanic rocks often are
interlayered within and near the EEidéra'With debris flows, gravels, bedded -
tuffs, and sediments derived from-the erupted material. The final stage of
caldera evolution (stage-7) ié hydrothermal alteration and fumarolic activity.
Much of the alteration apparently occurs along fraciures.

The ash flows of stage 2 described above generally originate from massive
gas-charged explosive eruptions. The explosions are caused by rapid expansion
of the ascending rhyolitic lava into clouds of ash-sized particles consisting
of hot, molten glass shards and crystals. As the incandescant clouds of gas
and superheated ash collapse back to the earth's surface, they flow rapidly
down the volcanic slopes and spread across the surrounding terrain. After
coming to rest, the still-hot glass shards and crystals begin to settle, become
compacted, and weld together under their own weight, forming the rock type
known as densaly welded tuff. Commonly the glassy shards develop crystals of
feldspar and quartz minerals when hot vapors seep through the semimolten mass
during the cooling period. This crystallization prfocess is called vapor-phase
devitrification. If devitrification does not accur, the rocks remain glassy
and are rafarred to as vitric tuffs.
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Single ash flows sometimes cool completely before being covered by another
hot flow, thereby forming a single cooling unit characterized by densely
welded, fractured, central parts surrounded above and below by less-welded
parts. Complete cooling of earlier ash flows may not occur if several
eruptions are closely spaced, forming volcanic sequences called compound
cooling units. A glassy unit called a vitrophyre often occurs at .the base or
top of an ash flow, where rapid cooling was caused by contact with the earth or
the atmosphere. Lithophysal cavities, formed as gas pockets 1h,the—viscous
. flows commonly occur in the central parts of thick, densely welded zones. The
lithophysae may be circular, elliptical, or flattened, depending on the amount
of viscous flow and compaction that occurred after they formed. The interior,
densely welded parts of the ash flows generally contaiﬂ”iofe]y spaced vertical
fractures that developed as the rock. cracked dur1qg:koo]1ng. ‘Fractures with
other orientations are developed dur1ng s1ugg1sh movement of the part’ally
consolidated ash flow or from latec tecton1s suresses.

. : /-,. : .
Air-fall tuffs commonlyroccur*in_association with ash-flow tuffs. - They
originate from erupted ash that -cools in the atmosphere before it settles on
the land surface downwind from the source. These lower-volume and lower-
temperature'ashAfallsvform rock types known as bedded tuffs, which are

nonwelded, porous, and visibly stratified. . .

The following sections briefly-describe the major Tertiary stratigraphic
ash-flow and related units at Yucca Mountain. -The general units and calderas
are shown on Table 3-1. Rock types and thicknesses described below are based |
on the results of exploratory drill holes at Yucca Mountain reported by
Maldonado and Koether (1983). General descriptions are from the publications
listed at the beginning of this section and from Guzowski-et al. (1983).

Timber Mountain Tuff P , -

The Timber Mountain Tuff is the youngest volcanic unit exposed at Yucca
Mountain. It is commonly divided into the Ammonia Tanks Member and the
underlying Rainier Mesa Member. Only the Rainier Mesa Member is preserved at
Yucca Mountain (Lipman and McKay, 1965). It is an ash-flow unit that was
erupted 11.3 million years ago from the Timber Mountain caldera (Figure 3-3).
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At Yucca Mountain, it occurs only in lTow-lying fault blocks (Section 3.1.2.2),
indicating the fault blocks had formed by the time the Rainier Mesa Member was
arupted. This unit is a moderately welded, devitrified tuff that grades
downward into a nonwelded vitric tuff at the base.

Paintbrush Tuff

The Paintbrush Tuff at Yucca Mountain consists of four members with thin -
bedded reworked or air-fall tuffs batween them. From youngest to oldest, the
units are the Tiva Canyon Member, the Yucca Mountain Member, the Pah Canyon
Member, and the Topopah Spring Member (Table 3-1). Thase units were eruptad
between about 12 and 13.2 million years ago from tha CPETﬁ:éanyon caldera and
perhaps, in part, from the Oasis Valley caldera‘TE;;ﬁre 3- 3)

—

The Tiva Canyon Member fonmsfiﬁé capr@&k_at Yicca Mountain and ranges in -
thickness from zero where~it has h?é@/graﬂed away in channels and washes to
greater than 50 m (160 ft) on the-ridge crests. [t has a moderately to densaly
welded devitrified centra}’ﬁaftion, underiain by a less densely welded vitric
zone. It is a compound cooling unit, compositionally zoned from rhyolitas in
tne lower and middle parts to quartz latite near the top. Large xenaliths
(fragments of preexisting rocks incorporated in the rising lava) occur at
saveral places within the unit. Flattened lithophysae are common in the middle
and upper parts. 8edded air fall tuff and tuffaceous sadiments a few meters
thick occur at the base of the member. The total volume of the Tiva Canyon

Member is 1000 km3 (240 mi3), indicating the massive eruption required to
produce it.

The Yucca Mountain Member rangas in thickness from zero to 36 m {118 f¢)
and had an estimated original volume of only 17 km3 (4.1 mi3). It is a3 simple
cooling unit with nonwelded to partly weldad zones at the base, top, and distal
portions. North of the site (drill hole USW G-2) the interior is moderately to
densely weldad with a lithophysal core. Compositionally, the unit is a
rayolite with little variation from top to bottom.

[ )
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Bedded tuff and nonwelded ash flow tuffs occur locally between the Yucca
Mountain Member and the underlying Pah Canyon Member. These tuffs range in
thickness from zero to 44 m (144 ft}. The matrix is mostly vitric and contains
abundant xenoliths of volcanic rocks. B .

The Pah Canyoh Member at Yucca Mountaih”ranges in thickness from 11-83 m-
(36-272 ft). It is a simple ash-flow cooling unit with nonwelded to partly '
welded zones at the base and top,: and an interior zone of moderate to dense
welding north of the site. It is generally vitric, and tuffaceous sediments
and air-fall tuff occur at the base. :

The Topopah Spring Member, the next’ lower unit is fﬁgi;arget host rock. It
is a compound cooling unit-composed of as many S fgﬁr separate ‘ash flow
sheets, and varies in composition from 10w-swl1ca rﬁ'alate near the top to high
silica rhyolite near the base. ,Affﬂéasb ZZE»km? (66 m13) of ash flow material
were spread over an area- df-hbout'lﬁﬂo ke (700 mi ) dur1ng eruption of the -
Topopah Spring Member. - A§,1ucca Mountain, it is about 350 m (1150 ft) thick,
but it thins abruptly to zﬂ’/;outh and is absent near the southwest corner of
the Nevada Test Site. It also appears to thin to the north where it is only
about 290 m (950 ft) thick (drill-hole USW G-2). - |

At the site, the Topopan*Spring”Mémber‘is characterized by four distinct
zones, from top to bottom: a nonwelded tb‘denSely welded,:geherally vitric
tuff; -a moderately to densely welded, devitrified tuff that COmpfises'most of
the total thicknesses of the member; a basal vitrophyre and a vitric tuff
grading downward from welded to nouweldedi The thick welded devitrified zone,
second from the top, is the target host rock for the repository. It contains
abundant ‘1ithophysae in several intervils but they are most commonvin its upper
and central portions. In the lTower part of the densely welded interval,
lithophysae are less abundant, and most attention has been directed to this
zone for consideration as a host rock for nuclear waste. The rock is densely
fractured, and is almost exclusively composed of quartz and feldspar.
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Tuffaceous Beds of Calico Hills

The tuffacaous bads of Calico Hills is an informal name for tuffaceous
rocks that may have originated from a currently obscurad volcano near the narth
end of Calico Hills, east of Yucca Mountain (Figure 3-3). The unit ranges in
thickness from 90-150 m (300-500 ft) at the sita though it thickens to nearly
306 m {1000 ft) to the north (drill hole USW G-2). 1t is composed chiefly of
nonwelded ash-flow tuffs, numerous thin tuffaceous sedimentary beds, and minor
air-fall tuffs. The rocks in the northern and eastern part of the site ara
typically zeolitized, having undergone a low-temperatura, low-pressure
altaration to zaolite minerals which strongly retard the movement of radio-
nuclides. The rocks in the southern and western part of:E;; site (drill holes

USW G-3 and H-5) are vitric and not zeolitized.” _—
’ -
Crater Flat Tuff S S
— -~ -

-
-~ P

Beneath the Calico H{st uni® is the Crater Flat Tuff which consists of
three members; the Prow Pass Member at the top, the Bullfrog Member in the,

-

middle, ana the Tram unit at the base. The Prow Pass Member is 127-175 m
(417-574 ft) thick at Yucca Mountain. The Prow Pass Member contains six partly
zeoiitized, partly cdevitrified ash-flow tuffs that probably cooled as a com-
pound unit (drill hole USW G-1). Most of the unit is partially to moderately
welded; however, bedded, rewarked, and densely welded materials occur in the
central part of the unit, and zeolitized air-fall tuffs occur at the base.
Mudstone fragments, derived perhaps from the Eleana Formation of Devonian-
Mississippian age, are abundant in the Prow Pass Member. The Bullfrog Member
ranges in thickness from 99-161 m (325-530 ft) and consists pradominantly of
partially to moderately welded ash-flow tuffs with isolated, thin, densaly
welded layers. The Tram unit is 154-327 m (507-1073 ft) thick and consists of
at least four slightly to densely welded ash-flow tuffs, some of which are
zeolitized and devitrified. Reworked bedded tuffs also occur in the Tram unit.

Older Tuffs

For this document, all rocks below the Cratar Flat Tuff ares referrad to as
older tuffs. No formal stratigraphic units are recognized in the aglder
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volcanic rocks. Most of these units have been observed only in drill holes at
Yucca,Mountain.r They generally consist of moderately to densely welded ash-
flows; interspersed with rhyolitic lava flows,:oreecia flows, and nonwelded
air-fall tuffs and bedded,vreworkedltuffs. The total thickness of the older
tuffs is unknown. Four drill holes (USW G-1, USW G-2, USK G-3, and H-1) have
penetrated more than 1800 m (6000 ft) without reaching the base of the volcanic
rocks. : -

3.1.2.2 ;Structuref

The structural development of southern Nevada and southeast California has
been long and complex, as briefly discussed in Chapter - 2”i;rus.al extension
and associated volcanism, Basin and Range style au+*lng, and alluvial filling
of intermontane valleys during Cenozoic tlme has obs’hred the relationship of
older, regional structural features. In Mesozo'lc‘tme (65-150 million years
ago), the Precambrian ané‘F‘leozoic sedimentary rocks of Southern Nevada were
strongly. compressed.. The folds and thrust faults formed dur1ng this interval
indicate that compression was directed generally from west to east, and that
tnhe age of deformation decreases to the east. The patterns of exposed pre-
Tertiary‘rocks suggest that several thrust-fault systems and several broad,
associated folds trend north to northeast through the area east of Yucca -
Mountain. The tectonic forces that created these ancient structures have long
since been inactive (see detailed discussion in the Tectonics Technical:
Guideline, Section 6.3.1.7). This factor, in combination with the absence of
rocks deformed by these forces at the site, constrains the discussion of
pertinent structures to those produced by Tertiary extensional: tectonics. The:
Tertiary structures are, however, complex and result from-a- long and compli-
cated history. Nevertheless, field work conducted during the past few decades
and recent studies at Yucca Mountain by the NNWSI Project have established a
basic understanding of the structural and tectonic framework of this region.

The site lies in the southern Great Basin. Although topographic expres-
sions of the Basin and Range style structures seem to indicate a relatively
simple system of uplifted and downdropped crustal blocks, the deep structural
configuration of some parts of the Basin and Range is complex (Anderson et al.,

- 1983; Alimendinger et al., 1983). Many investigators link the origin of Basin
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“and Range type structures to right-lateral faulting along the western edge of
North America during Cenozoic time (Christiansen and McKea, 1978; Atwater,
1979; Hamilton and Myers, 1966.) According to this view, western North America
lies within a broad belt of right-iateral movement caused by diffarential
motion between the North American and Pacific crustal platas. Some of the
right-lateral movement occurs presently along the San Andreas fault and
similarily oriented faults in California (Figure 3-4). This type of motion may
have occurred earlier in southern Nevada and eastern California along the
Walker Lane, Death Valley, Furnace Creek and Las Vegas Valley shear zones.

This motion may have been related to extensional processes that fragmented the
crust into the basins and ranges orientad along trends o?ljgue to the
right-lateral fault zones. Relatively high seismic actjiity also continues
today along the rignht-lateral Death Valley and Ongs:Vallezlshear zones
northwest and southwest of Yucca Mountainjﬂsuggestfﬁa that these shear Zzones

— - -

mignt still be active. . e

Cumuiative displacement across ﬁhe entira zone of inferred right-lateral
faulting in the westarn Great Basin, including fault-slip and large scale
sending, may be in axcess af 150 xm (90 mi) (Albers, 1967.) This estimata
includes the bending of structural features to a northeastarly trend due to
drag folding along the Walker Lane (Albers, 1967) and the Las Vegas Valley
shear zone (Longwell, 1960). Maximum displacement along individual fault
zonas, however, is generally thought to be less than 43 km (30 mi). Several
investigators suggest the right-lateral fault zones became active about
25 million years ago, {Carr, 1974; Atwater, 1970) aithough others believe they
were active for a much longer time (Albers, 1367).

Most displacament along the Las Vegas Valley shear zone southeast of Yucca
Mountain has apparently occurred during the past 17 million years. Fleck
{1970) and Carr (1974) reason that motion along this zone ceased about
10 miliion years ago. Although the Las Vegas Valley shear zone seems to have
been inactive for millions of years, seismic activity and surface displacements
have occurred during this century within the Walkar Lane (Figure 3-4.)
Moreover, some surface displacements at Panute Mesa and Yucca Flat north of
Yucca Mountain, ana along a trena between the Las Vegas VYalley shear zone and
the Walker Lane have been triggered oy nuclear explosions {(Hamilton et al.,
1969.)
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Therefore, some residual structural daformation may still be occurring along
this zone, although apparently at very low levels.

The caldera complex in southwestern Nevada (described in Section 3.1.2.1)
liaes along a northwest trend connecting the Walker Lane and the Las Vegas
Valley shear zone. Some investigators believe that the caldera complex at
Timber Mountain is preferentially located where this northwest-trending zone of
right-tateral faulting intersects Basin and Range faults extending southward
from the Belted or Kawich Rangés, or whera the northwest trending zone
intersects the southwest-trending fault zones with components of leftflateral
displacement (Carr, 1974) (Figure 3-5). Although no distinct faults can be
traced between the two zones, structural, volcanic, and’fsgégraphic featuras

-
throughout this region suggest a connection betweea—them {Christiansen ot al.,
1977). ’t.~‘ L

Structural featurgsjgnguccé;EZQE;afﬁ include local faults related to
caldera collapse and 1ong§5,3asin—and Range styla faults. The faults ara shown
on Fiqure 3-6 and on a structural cross section on Figure 3-7. The
stratigrapnic units are gently tilted to the east and are offset by several
north-trending high-angle faults, down-dropped chiefly to the west, wnich
created saveral large north-trending structural blocks (Maldonado and Koether,
1983; Scott et al., 1983; Lipman and McKay, 1965.) Other fault systems trend
northwest, particularly in the northern and southeastern parts of Yucca
Mountain. Detailed mapping of the southern part of the site has revealed an
area of very closely spaced, small faults that trend northeast. The preferred
repository area is within the informally designated central block, which dips
esastward at about 5 to 8° (Figure 3-8). This block is bounded on the west by a
large fault zone along Solitario Canyon. VYertical displacament along the
Solitario fault diminishes from about 200 m (700 ft) at the southern end of the
central block to about 20 m (70 ft) at the northwest corner. To the east, the
central block is bounded by several smaller, closely spaced faults. The
northern edge is defined by Drill Hole Wash, an informally named canyon that
occurs along a zone of infarred faulting or dense fracturing, though vertical
offsets are not observed. The sauthern boundary is less well defined, but it
is generaily placad where the east- and west-bounding fault zones converge.

One moderately sized fault, informally designatad the Ghost Dance Fault, occurs
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within the central block. This fault has a maximum of about 15 m (50 ft) of
vertical offset near its midpoint. Offsets diminish to near zero within a few
hundred meters in both directions from the midpoint. ’

Drill-hole data indicate that some minor high-angle faults may have
lateral as well as vertical components of displacement, particularly along
northwest-trending faults north-of the central block (Maldonado and Koether,
1983.) Displacements along individual -faults within the central block are
generally less than a few meters, whereas faults that separate major structural
blocks may have a hundred or more meters of offset. The density of fractures
is generally proportional to the degree of ‘welding of the stratigraphic units
and is probably somewhat uniform for each stratigraphic yné? within each
structural block. Near the major faults and- in sggfi]égj\:§réas of abundant,
smalli-offset faults, fracture densit& pr b& ly ia\seases. : T '

The age of the la,ge’STocH\fQEinng Paults -2t - Yucca Mountain can be bounded_
between about 12 and li Q'mzl 1ok'years (Lipman and McKay, 1965; Marvin et al.,
1970). The Tive Canyon ber, which forms the surface rock throughout most of
the site, is ‘about 12 million year§~old¢and js - displaced by the large block-
forming faults in the area.: Surface offsets of the Tiva Canyon Member north of
the central block .indicate movement along the faults occurred after this unit
was deposited. At several locations around Yucca Mountain, the younger T1mber
Mountain tuff, which is about 11.3 miilion years old and is essentially
unbroken by faults, occurs within the present valleys which are formed by the
range-bounding faults that offset the Tiva Canyon Member. Thus, much of the
displacement along the major block-forming ‘faults ‘had occurred by about
11 million years ago. Since then, faulting has apparently waned:. Displacement .
of Quaternary alluvium within about 10-20 'km (5-10 mi) of the site is limited
to a few, very small, degraded scarps less than a meter or so in height.

Dating of materials gathered from trenches dug across these low fault scarps .
has produced no unequivocal evidence that movement has occurred in ‘the Tast
35,000 years (Swadley et al., 1984). Carr (1982) suggests that local
Quaternary faulting along the east side of Crater Filat was related to, and
synchronous. with, nearby eruptxons of smalI basa1t1c 1ava rows dated as about
1 million years old. - '
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3.1.2.3 Seismicity

Yucca Mountain lies in an area of relatively low historic seismicity, just
south of the southern Nevada East-West Seismic Belt (Smith, 1978) (Figure 3-9).
This belt connects the north-trending Navada Seismic Zone, about 160 km (100
mi) west of Yucca Mountain, with the north-trending Intermountain Seismic Zone
about 240 km (150 mi) to the east (Figure 3-9)}. Much remains to be learned
about regional or local seismic cycles or the relation between seismicity and
fault age in the Basin and Range province (Thenhaus and Wentworth, 1982). As
pointed out by Smith (1978), the pattern of historic earthquakes in the westarn
United States is marked by relatively brief episodes of intanse activity in

~areas that may have been inactive for tens, hundreds, aﬂﬂ’;;rhaps thousands of

years. fGeologic field evidence suggests that tﬁiégaﬂszghéjn'has been
relatively stable for the past several mirT1%on yéaq§f However, until there is
a better understanding of seﬁsmiﬁ:Ethesg /nﬂipf &ﬁy saismically stable and
unstable areas exist wi;ﬁjjfthe:Eqﬁé‘};ratturaI province, earthquakes near
Yucca Mountain should be—ngjjdened possible.

Ouring the past saveral decades, only two natural earthquakes greatar than
Richter magnitude M 4 have been racorded within about 30 km (20 mi) of Yucca
Mountain. These earthquakes were east of the site near Frenchman Flat where
the possible left-lateral shear zones of the Rock Valley and Mine Mountain
Faults occur. The largest earthquakes recorded within the southern Nevada
East-West Seismic belt were about M 6 (Smith, 1978). Correlations of fault
length with earthquake intansity (Algermissen and Perkins, 1976) in conjunction
with the lengths of known faults within a faw tens of kilometers from Yucca
Mountain (at Bare Mountain, Mine Mountain, Beatty, and Rock Valley), suggest
that earthquakes approaching a maximum of M 7 could occur near Yucca Mountain.
rarther away, within the California segment of the Nevada Seismic Zona,
garthquakes of M 8+ have occurred. The largest earthquakaes recorded in the
Intermountain Seismic Zone have been about M 7, although studies of fault
length suggest a potential for earthquakes up to M 8. Deterministic modeling
by Rogers et al. (1977), gives an estimated maximum ground acceleration at
fucca Mountain of about 0.4g from an M 7 earthquake along the projected trend

of the Mine Mountain Fault in Jackass Flats or along the Bare Mountain fault,
15 km (10 mi) west of the site.
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The age of fault displacements, particularly for older faults, may not be
a reliabla indicator of the possibility of future seismic events (Ryall, 1980;
Smith, 1978; Rogers et al., 1983) because recurrence intervals could be
hundreds of thousands of years. Some seismologists suggest that zones of low
saismic activity in the Great Basin may indicate a buildup of unrelaased
strain, theraby dictating caution in concluding that large earthquakes are
unlikely (Ryall, 1980). Rogers (1977) recognized this factor and appliied
probabilistic assessments to estimate the likely recurrence period of the
maximum acceleration at any point in the southern Great Basin. He concluded
that accelerations of 0.7g could have return periods of iS,OOO years or mare;

i.e., 10‘4 to 10'5 yearly probabilities of occutzfggg. - (’
(,,3 \;; .

Studies in progress suggest that fauln ar1ent ion, with respect to
current stress fields, is an 1mpdf§3ﬁt cong;éa;atzon in determining the
potential for future saism /;; act1v,;y_jRogers et al., 1983; Carr, 1984). -
Initial results indicate that fau?ts near Yucca Mountain trending from north to
northeast are approx1mata$y’5;rpend1cular to the direction of minimum hori-
zontal stress. As a result, these faults are potentially more susceptible to
renewad dip-slip normal movement than faults with other trends (Healy et al.,
1983).

3.1.2.4 Energy and mineral resources

Tne energy- and mineral-resource potential of Yucca Mountain and surround-
ing areas, has been evaluated by Bell and Larson (1982). This study, as well
as analyses from several drill holes in support of the NNWSI project (Maldonado
and Koether, 1983; Spengler et al., 1981; Spengler and Chornack, 1984),
indicates that the overall potential for exploration or development of mineral
or energy resources at Yucca Mountain is low.

fZnergy resources

There is no evidence to indicate that Yucca Mountain contains any hydro-
carbon, uranium, or geothermal resources {(Bell and Larson, 1982). \None of the
drill holes at or near Yucca Mountain have shown avidenca of hydrocarbons. The
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only potentialrenergy resource near Yucca Mountain is low- to moderate-
temperature springs more than 30 km (20 mi) from the site (Garside and
Schilling, 1979; Trexler et al., 1979). However, there 2re no warm springs at’
Yucca Mountain. The geothermal gradient measured in several drill holes at
Yucca Mountain (Sass and Lackenbruch, 1982) also indicates that no high-
temperature waters could be present at depths that are economically attractive.
The geothermal gradient-is about 2°C/100m (1 1°F/100 ft) in the unsaturated -
zone, and about 2. 9°C/100m (1. 61°F/100 ft) in the saturated zone. This
gradient is equal to, or less than the gradlent over one-half the continental
United States, and thus presents no unique or unusual attraction for future
exploration.

Minor amounts of uranium have been reporteqifégg EE:;gi site at Bare
e

Mountain, but no uranium mines or prospeth\Qav b€en developed. Under current
economic conditions, uranium r _,; s 1d ed in the Bare Mounta1n area are
“not attractive targets,ﬁaf’ﬁran\uﬁ:ﬁeve1 pment (8ell and Larson, 1982) The .
volcanic rocks from the S_lznt Caﬂyon caldera north of the site are petro-
logically similar to theurﬁ’f; from the McDermltt caldera in northern Nevada
which contain minor amounts of uranium (Bell and Larson, 1982), but no

prospects or claims have been deveioped.

Metals

Table 3-2 identifies the status, number, and types of mining operations
for base and precious metals in the Yucca Mountain area, and Figure 3-10 shows
the location of these deposits. Historically, Nevada's metallic industry
centered around the mining of precious-metals in the Comstock district in
west-central Nevada and in the Tonopah and Goldfield districts more than 150 km
(90 mi) northwest of the site. Although there are numerous small mining
districts throughout the southern Great Basin, the only active silver and gold
mine in the region is the Stirling (Panama) mine near Bare Mountain. Bell and
Larson (1982) estimate gold reserves at the Stérling mine to be 930 kg
(2000 1b). The total value of gold produced from the mine since early 1980 is
estimated to be no more than $1.8 million; the mine is profitable but small
compared to industry standards. '
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Table 3-2. Mining operations in the vicinity of the Yucca Mountain site
(Bell and Larson, 1982)

Number and status

Location of operations Type of operations

Bare Mountain 4 active Prospect pits, open pits,
(gold, silver, mercury, 10 inactive placer, underground tunnels,
tungsten, lead) 10 unknown status and shafts
Mine Mountain None active Underground tunnels and
(silver, lead, mercury 3 inactive shafts
Yahmonie None active prquE;; pits, underground
{gold, silver, copper) haT%\ \
Lee None actiwq\ \\ (Prospect pits, shallow

old, copper, tungsten) imactive  diggings, underground shafts
{9 pp g f};:?ah A gging g
Yucca Flat (Climax) _—" ‘Nﬁﬁgﬂ§9t+7é Shallow surfacs diggings, _
(gold, silver, lead) - .‘/) v \_dnactive underground shafts
Amargosa Desert 1—’/,,/ None active Prospect pits
(tungsten, iron) 1 inactive
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A mine Tocated northwest of Yucca Mountain has producad a small amount of
mercury from cinnabar distributed in seams and spheres in silicified and
opalized rhyolita tuff (Cornwall and Kleinhampel, 1961). Base and precious
metals have also baen prospected and mined east of the site in the Mine
Mountain and Wahmonie districts. Information on the mining history in these
dfstricts, however, is limited. The land around these districts was withdrawn
from public domain more than 30 years ago as part of the Nevada Test Sita. The
Wahmonie district apparently produced gold and silver sometima between 1905 and
1910 and again in 1928, but the amount was not recorded. Geophysical surveys
suggest that thes Wahmonie district may contain some precious metal deposits,
but the potesntial amounts remain undetermined (Hoover et al., 1982). The
Calico Hills area northwest of the Wahmonie district has’E;;n the location of
substantial prospect1ng, but no production has bﬁééérecorded. Trace amounts of
silver and gold occur in the lower Tram Aember at aBout the 1070 m (3515 f¢)
depth in drill nole USW Gl (SpengTEP et aéz,:;9811’ The concentrations are
0.5 ppm (0.016 oz/ton)_ gef&‘ and‘gg.ppm *0 64 oz/ton) silver, and are not high
engugh to be considered q’,commepc1al interest, especially at this depth,.
Although mercury, lead, z*nc, and uranium have been identified along fault and
fractura zones in volcanic rocks in Nevada, no occurrances of thesa metals have
heen renorted along fracturas of the Yucca Mountain sita. Based on this
preliminary site information, Yucca Mountain is not considered to have any
potantial for development of metal resources under forsaesable aconomic
conditions and extraction techniques.

Nonmetals

A Targe variety of industrial minerals and rocks are prasent in the Yucca
Mountain area, including clays, ceramic silica, zeolites, alunite, fluorite,
sand, gravel, and 1ightweight construction aggregate (volcanic cinders,
perlita, and pumice). Clay resources are dominantly kaolinite, montmorii-
lonite, and halloysite and are extracted from shallow surfaces pits. A small
amount of silica has been produced from the Silicon Mine in the Bare Mountain
district. Zeolitas occur at the sita at depths of 400 m (1300 ft) or more,
but there is no avidence to suggest that they are of a quality or aextent to
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make them commercially attractive. Fluorite occurs widely in the Bare Mountain
district, 15 km (10 mi) east of the SIte, “but no fluorite has been found at
Yucca Mountain. - R ’

Sand and gravel deposits are ub1qu1tous in the Yucca Mountain area. These
deposits are extracted from ‘shallow, surface pits and are used chiefly for road
construction. Volcanic cinder, perlite, and pumice ‘occur in Crater Flat.

~ These materials are mined from surface pits and used for lightweight aggregate.A

concrete blocks, road base, and decorator stone. Other than sand and gravel
none of these surface resources occurs at Yucca Mountain.' '

3.1.3 Hydrologic cohditions' v R o —~ (g :

— \\

- This section describes the hydrology oﬁ Yuccg;;:hntatn and nearby areas.
Topics discussed include surface’ﬁ’-er, gr§ﬁa§>water, and present and future
water use. Much of thg,dé?Eriptij::fhfonﬁation in this section is summarized
from Winograd and Thordarg/p (1915ﬁ, and from the descriptions in the Post-‘
Closure Technical Guideline For gechydrology in Section 6.3.1.1.

Numerous investxgations of the geohydro1ogy of Yucca Mountain and nearby
areas have been conducted since 1978 (see Relevant Data (II) of Section 6.3.1.1
for list of studies). These studies have resulted in a general understand1ng_,
of the geohydrology of the site. Detailed studies of water movement,'inc1ud1hg
flow through the unsaturated zone, areiin progrese or are planned.

3.1.3.1 Surface Water

No perennial or intermittent streams occur at or near Yucca Mountain. The
only reliable sources of surface water are the springs in Oasis Valley, the
Amargosa Desert, and Death VaIIey. Because of the extreme aridity of this
region, where annual precipitation averages about one-third of potential
evapotranspiration, most of the spring discharge travels only a short distance
before evaporating or 1nf11trat1ng back into the ground.

Rapid runoff during heavy prec1p1tat1on f11ls the norma11y dry washes for
Srief periods of time. Local f1ooding can occur where the water exceeds the
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capacity of the channels. The potential for flooding at Yuycca Mountain, and
its potential effects on a repository, are described in Chapter 6. In contrast
to the washes, the terminal playas may contain standing water for days or weeks
after severe storms. Runoff from precipitation at Yucca Mountain drains into
Fortymile Canyon on the east and Crater Flat an the wast, and both areas drain
into the normally dry Amargosa River (Figure 3-11). If runoff is very
significant, water in the Amargosa River flows into the playa in southern Death
Vallay.

3.1.3.2 Ground water

Yucca Mountain lies within the Death Valley groundfggfg; system, a large
and diverse area in southern Nevada and adjacentlqugi‘of Gé}ifornia composed
of many mountain ranges and topographic bas i1 thétriFé hvdraulically connected
at depth. In general, ground watef:ﬁﬁthiﬁ Eﬁa ath Valley system travels
toward Death Valley, a];bggﬁﬁ muchjﬁij; dfscharges before reaching Death
Vallay. Ground water in the Death-Valley system does not enter neighboring

ground-water systems. —

There are several subdivisions of the Death Valley ground-water system
called ground-watar basins and subbasins. Information now available indicates
that ground water moving beneath Yucca Mountain discharges in Alkali Flat and
perhaps in Death Valley, but not in Ash Meadows or Oasis VYalley. Yucca
Mountain is in the Alkali Flat-Furnace Creek Ranch ground-water basin at a
position midway batween the Ash Meadows and Oasis Valley subbasins (Waddell,
1982), as shown in Figure 2-5,

Geologic formations in Southern Nevada have been grouped into broad
nydrogeologic units by Winograd and Thordarson (1975). Several of the units
transmit watar in sufficient quantities to supply water needs (aquifars),
whereas other units have relatively low permeabilities that tend to retard the
flow of ground water (aquitards.) The geologic and hydrologic properties of
the aquifers vary widely. Some of the hydrogeologic characteristics of the
Tertiary volcanic rocks at Yucca Mountain are shown on Table 3-3. The lower
and upper carbonate aquifers and the welded-tuff aquifers store and transmit
watar chiefly along fractures, aithough part of the welded-tuff aquifer is
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Table 3-3.

Pual classification af fertiary volcanic rocks at Yucca Hountain,

stratigraphic units reflecting origin and hydrogeoloqgic units
reflecting hydrologic characteristics and properties (Winograd and
Thordarson, 1975)
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above the water table at Yucca Mountain. In contrast, the valley-fill aquifers
store and transmit-water chiefly through interstitial openings. The lower
carbonate and valley-fill aquifers are the chief sources of ground water in the
eastern part of the Nevada Test Site.

Ground-water movement

The unsaturated -zone within the boundary of the central block at Yucca
Mountain is:about 500-750 m (1600-2500 ft) thick, but thins to as little as
200 m (600 ft) within 10 km (6 mi). Within the block, the water table slopes
to the southeast, from an altitude of 800 m (2600 ft) to as _low as 730 m
(2400 ft) above sea level (see Figure 6.3. 1.1-1) for wa&ef’table contour
map). The water table is 200-400 m (600-1300 f‘X’E;;Sw the_bor1zon recommended
for the repository (see Section 6.3.1.1- for~dezaf?§97’}scussion of Yucca

L N
Mountain hydrology) 4’:::~~' T

= Tl T
A small -part of the precipitation that falls on Yucca Mountain could
infiltrate vertically throuﬁi/the unsaturited zone where it éVehtua11y enters

the underlying tuff .aquifer, the principal ‘source of recharge for:which is
probably Pahute Mesa to ‘the north and northwest of Yucca Mountain (see

Figure 3-2). The ground water then moves horizontally toward Alkali Flat and
Death Valley. The paragraphs below characterize the most important aspects of
ground water movement in the vicihity of Yucca Mountain as they are currently

understood.

Of the '150-200 mm (5.9-7.8 -in.) per year of precipitation in the area,
most of the water is returned to the atmosphere by evaporation and plant
transpiration, and probably less than 1 mm/yr percolates downward to the water
table (Montazar and Wilson, 1984). Ground-watér travel time from land surface
to the level of the repository has not been estimated, but travel time from
below the repository level to the base of the host rock (Topopah Spring welded
unit) is calculated to be 5000 years or more. vTravel from the base of the host
- rock to the water table is believed to be 25,000 years or more. Water entering
the saturated zone at the water table flows mainly through fractures in the
welded tuffs. Travel time in the saturated zone to a distance 10 km (6 mi)
away is estimated to be 500-1200 years (see Section 6.3.1.1). :
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From Yucca Mountain, ground-water travel in the saturated zone is to the
south-southeast through tuff, and possibly through alluvium. Depth to the
carbonate aquifer beneath the repository block has not been determined, but it
is probably much greater than the 1250 m (4100 ft) observed in drill hole
UE-2Sp#l located 2.5 km (1.5 mi) east of the block. At drill hole UE-25p#l,
the hydraulic head in the carbonate rocks is higher than in the overlying
tuffaceous rocks. B8ecausa water cannot move in the direction of higher
hydraulic head, it is believed that ground water in the Yucca Mountain area
does not enter the cafbonate aquifer.

Deep, regional movement of ground water, south andreigg:bf Yucca Mountain
occurs chiefly through the lower carbonate aqu1feff::}h1s aqu1fnr is composed
of highly fractured and locally brecc1ated"$ddle Cam6?1an 63 late Devonian
limestone and dolomites that arg,n:ﬁﬁ?y traﬂ§ t§s1V’ (Winograd and Thordarson,
1978). Because of comp[gxrggblog1c:§;?uc‘ﬂre, flow paths in the lower
carbonate aquifers are comelgx .and-ara poorly defined. In places the ground-
watar flow is divertad la ly or vertically because of fault displacements
that have juxtaposed the lower carbonate aquifer against less permeable rocks.
Where the flow is blocked, such as at Ash Meadows in the southern Amargosa
Desert, the water table may intersect the land surface causing springs.

Ground-watar quality

Schoff and Moore (1964) recognized three types of ground water at the
Nevada Test Site and vicinity: (a) sodium and potassium bicarbonate, which
generally occurs in tuff aquifers and valley-fill aquifers that are composad
chiefly of tuff detritus; (b) calcium and magnesium bicarbonate, which
generally occurs in the carbonate aquifers and the vailey-fill aquifers that
are composed chiefly of carbonata detritus; and (c) mixed, which is dafined as
having chemical characteristics of both preceding types.

A1l of the three types of ground water occur in the Ash Meadows basin
w#hich included the proposed repository site when it was defined by Winograd and
Thordarson (1975). Recent informatfon (Waddell, 1982) placas Yucca Mountain in
the Alkali Flat-Furnace Creek Ranch basin of the Death Valley ground-water
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system. See Figure 2-5 for positions of ground-water basins. Winograd and
Thordarson (1975) report and summarize total dissolved solids from many - - -
analyses of these three types of waters; the values range from 91 to 1071 mg/1,
with mean values rangvng from 217 to 580 mg/1.~~-

3.1.3.3 Present and projected water use in the area

Water in southern Nevada (exc]uding;tue.Las Vegas area) is used chiefly

. for irrigation, and to a lesser extent for 1ivestock, municipal needs, and

domestic supplies. Almost all the required water is pumped from the ground
a2lthough some springs supply water to estab?ishments in Death Valley and other
areas that lie south of Yucca Mounta1n {Pitstrang and Kuﬁfgi:'1964, Hunt et
al., 1965; Thordarson and Rob1nson, 1971; Waddel eg;il., 1984) In addition,
springs in Oasis Valley near Beatty, Nevadi > iboun 3ﬂ’im (20 miles) northwest
of Yucca Mountain are a significanf:gburce §faébcer for pubtic and domestic
needs and for irrigat1oq,4*ﬁ‘rdar56::and Robinson, 1971; White, 1979).

Table 3-4 summarizes the a@gunts of’ water used annualiy by towns and commun-
ities in the vicinity of Yucfg'Mounta1n."

The principal users of ground water in this area are in the Amargosa
Desert south of the town of Amargosa Valley.; According to McNealy and Woerner-
(1974), 800 ha (2000 acres) of land were be1ug irrigated in the Amargosa Desert
in 1969. From 1967 to 1970 an extenSJve well field was developed for
irrigation in the Ash Meadows area aiung thereasc side of the Amargosa Desert.
In 2 study by the U.S. Geolog1ca1 Survey at the reguest of member organizations
of the Desert Pupfish Task Force, Dud1ey and Larson (1976): concluded that
withdrawals of ground water from parts of this well field caused 20.8m
(2.5-ft) reduction in the altitude of the pool in nearby Devils Hole, thereby
threatening the survival of the Devi]s Hole pupfish (Cyprindon diabolis).
Subsequent law suits and a final ruling by the U.S. Supreme Court in 1976A
[Cappaert 426 U.S. 128 (1976) v. U.S.] ordered 2 restriction in pumping from
specific wells in the Devils Hole area.

Includes representatives of the National Park Service, the Bureau of
Reclamation, the Bureau of Land Management, the Bureau of Sport Fisheries and
Wildlife, and the Geological Survey.
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Table 3-4. Current (1980) water supply in nonmetropolitan areas of
Clark and Nye Counties
Estimated a Estimated water useb’c
Community population Water sources acre=-ft/yr mgd
Ash Meadows and 2235 no? 1687 1.506
Amargosa Farms
Beatty 900 Two municipal wells 686 0.612
suppiying 250 custo-
mers; third well is
source of watar for
industry
Crystal 42t Domestic wells 160 33 0.029
feat deep .
Indian Springs 912 Municipal well capable 686 0.612
of supplying 0.8 mgd ’
to 53 customers, plus j::’:;
approximately 80—
domestic walls wit -
unknown capaeity - =~
Iindian Springs 500 Two_wells suppliying — 326 0.291
Air Force Base p “0.2-mgd potdbl¥ water
Johnnie 2" w0 7~ 0.12  <0.001
Amargosa Valley 65 -~  Domestic wells 320 3 0.039
- feet daep
Mercury 300 .~ Three municipal wells 237 0.212
coupled with a dis-
tribution system
Nevada Test Site ND Six wells supplying 1344 1.200
1.2 mgd
Pahrump 1358 Domestic wells 70 1006 0.398
feat deep
Rhyolite 49 Served by pipeline 2.4 0.002
from water tank at
new Beatty well. (ther
family uses bottled
water.
3 French et al. (1982), cited by McBrien and Jones, 1983.
5 McBrien and Jones, 1983. Original data source unknown.
€1 acre-ft = 1234 m3; mgd = million gal/day.
4 D = no data.
& 20 familias.
F 1 famity.
3 2 families.
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Water for the small communities near the site is supplied from wells.
-Wells also supply domestic drinking mater to most residents of;farms, ranches,
and single-family dwel1ings outside of these communities.'“Table‘3 5 summarizes
the municipal and domestic water supply and waste-water troatment systems in
the vic1n1ty of Yucca Mountaln.

The mining industry 1n southern Nevada uses a small amount of water for
processing. Water for this purpose is supplied from nearby shallow wells or is
trucked in from nearby towns. Many of the mines currently recycle process
water, which reduces their consumptive water demand.

' The major agricultura1 areas in the v1cin1ty of the:E;;% are in Amargosa
and Pahrump Valleys. er1gation 1s required to Fow=trops Jn these areas, and

wells are the major source of the water. Tﬁe amount"? water used in the

Amargosa Valley is not known, butfjﬁa1vidualliqm11y wells are limited to

2500 m° (2 acre-ft) per,year. Pahrump VaT1ey uses .about 58 000 000 m3 .

(47,000 acre-ft) per year. In 1979, because of a declining water table, the

State Engineer stopped granting ground-water permits for irrigation in the

~ Pahrump Artesian Basin. Permits for other uses are being considered on a

case-by-case basis. The only proaect1ons for future ground-water use in this

area are for the planned communities in Pahrump Valley.

3.1.4 Environmental settfng o ',7 S

This section cdntains 2 detailed desér{ption of eiisting land use,
ecosystems, air quality, noise, aesthetics, archaeological resources, and the
radiological background of Yucca Mountzin and the surrounding region. The data
provides a baseline for assessing potential 1mpacts during site characteri-
zation (see Chapter 4) and during constfuction, operation, and decommissioning
if Yucca Mountain is selected for a repository (see Chzpters 5 and 6).
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Table 3-5. Municipal and dowestic supply and waste-water treatment systems in the vicinity of
Yucca Mountain
Potential developsent
Planned water in area requiring
supply and waste- additional water
Estimated Waste water water disposal supplies and waste-
Comnunilty population Source of supply disposal improvewment s treatment facilities

Indian Springs, Nevada 9)2 Municipal well capable Waste water frim An additional State correctional facil-
of supplying 0.8 mgd sewers discharged municipal water ity south of community,
to 53 customers in ad- Lo evapo ation supply well,
ditional approximately ponds senlly
80 dowestic wells whose cqy&rl l acres,
quantily is unknown.

Beatly, Nevads 900 Two wunicipal wells Waste water (rom New well believed Expansion of wmine opera-
supplying 250 custom- seueri discharged Lo be in regional tion in local area.
ers; third well is to ev pqraj‘o% regional carbonate
source of water for ponds. 1} ' aquifer.

o industry, \
s
< Indian Springs Air Force 500 Two wells supplying 0.2 lwhoff ta k Lo No improvements No plans for expansion
Base, Nevada wyd potable water for separate g \ planned. or closure of base,
base. wastes; sol
pusped to s\:yge
pits.

Pahranp, Nevada 1358 Host residents obtain Septic tanks. \ \\£ansion of ser- Development of 100,000
water from domeslic \\ ite outside Yots in Pahruwwp Valley.
wells 70 feet deep. Calvada develop-

Y
Ash Meadows, Nevada 2235 NAb HA f;p ndion of ser-
“vice‘outside
Calvada develop-
ment ,
Town of Amargosa Valley, 65 Residents obtain water  Septic Lanks. NA No development is planned

Hevada

from domestic wells 320
teel deep,

although employment
levels at NTS can have
definite effect.

4 N
wgd = million gallons per day.

b HA  wot available,
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3.1.4.1 Land use

Land use in the Yucca Mountain area includes Federal use, agriculture,
mining, recreation, and private and commercial development. These uses are
discussed below. Land-use patterns in southwestern Nevada are shown in
Figure 3-12. | |

Federal use

As discussed in Section 3.1.1, the Yucca Mountain site is on limited-
access Federal land that is controlled by three Federal agencies. As shown on
Figure 3-12, the Nellis Air Force Range includes 10 670«(52:}4120 mi ),con-

'olled by the U.S.: Air Force. the Nevada Test S g:ihcludes 3500 km2

(1350 miz) controlled by the DOE, and manj’\housands’d? square kilometars are
controlled by the BLM and the U.a%”?brest ;E:x)ce. The Nellis Air Force Range
is used for military wegpaﬂ"testfﬁg;and pérsonne] training. The portion of
the range in the immediatg_,jcinitf of Yucca Mountain is reserved for
occassional ‘overflights and’ﬁ?bv1des air access to the bombing and gunnery
areas located further north and west of the site., Land use at the Nevada Test
Site supports nuclear weapons research and development. The site is dedicated
to underground nuclear testing, development and testing of nuciear explosives
for peaceful appiications, and testing of weapon effects. The BLM and the U.S.
forest Service apply a multiple use COhhept in administering the public domain
Yands and forests. These lands are currently used for recreation, grazing,
forest’management. and wild]ife:management.

Agricu1ture

A limited amount of- agriculture is supported in the Beatty/Oasis Valley,
the Amargosa Va|1ey, Ash Meadows, and the Pahrump Val]ey. None of these areas
is considered to contain prime agricultural land. A portion of the extensive
Federal lands in southern Nye County 1s used for cattle grazing; and, as such,
it const1*utes the maJor agricultural-resource near -the- site (Col11ns et al.,
1982). o
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Grazing land. The Bureau of Land'Management controls large parcels of
range land south and west of the site, portions of which are leased for cattle
grazing. Five leases exist near the site (Figure 3-13). With two exceptions,
no grazing leases have been issued for lands lying north or east of Highway 95
from Las Vegas to Tonopah. There is no grazing on the Yutca_Mountain site.

Cropland. Blocks of private land in Amargosa Valley, Beatty, Oasis
Valley, Ash Meadows, and Pahrump Valley contain. the only farming and ranching
operations in the region. The Amargosa and Pahrump valleys contain the enly
extensive cultivation. An informal poll Cdﬁducted'by the Department of
Agriculture's County Cooperative Extension agent in Pahrump indicates that
farms located south of Beatty had a total of 3850 ha (956/’;%res) under
irrigation in July 1981 as follows: 2430 ha (Gﬁoﬁzggies) a]fa]fa, 810 ha (2000
acres) irrigated pasture, 325 ha (800 acresQ\cottonT"30 he (320 acres) small
grains, 97 ha (240 acres) Sudanfgt,ss, 25i naaigﬂ acrns) turf, 25 ha (60 acres)
orchard, and 8 ha (20 acrggl‘melons,L§91lf’s et al., 1982).

-
/,.

M1n1ng V . //

There are 17 active mines and mills in southern Nevada. Most of the
mining operations employ less than 10 workers per mine, although a few :
operations employ as many as 250 workers. The mineral resources in the area
near Yucca Mountain are described in Section 3.1.2.4.

Recreation

Recreational iand uses are abundant 'in southern Nevada. In general, the
camping and fishing sites in the northern part of the regibn are used during
spring, summer, and fall, and those in the south are utilized throughout the
year. The Desert National Wildlife Range. a2 joint-use arez with the U.S. Air
Force and the U. S. Fish and Wildlife Service, also prov1des some recreational
opportunities.

- The Mojave Desert in California, which includes Death Valley National
Monument, extends along the southwestern border of Nevada about 56 km (35 mi)
from Mercury. The National Park Service estimates that the population within
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the Monument boundaries ranges from a minimum of 900 permanent residents during
the summer months; to as many as 35,000 tourists per day during the major
holiday periods in the winter months; and to a maximum of 80,000 during Death
Yalley Days in November. The Spring Mountains 80 km (50 m1) to the southeast
are also a major recreation area.

Private and commercial development

Most pr1§ate and commercial development is concentrated in the Las Vegas
metropolitan area (Figure 3-12). Private lands are scarce in the area
immediately surrounding the site and are located within the following towns and
valleys: . e el

. M‘. %
. : é \"'. /
1. Amargosa Valley - 600 ha- (1500 acresq \ 'l -
. — ) -
' ”:;*'\' i /"—>
2. Beatty - 1imitgﬂjg§?éage,ajﬁqg,Hfﬁhways 95 and 58.

2. Indian Springs - Miited acreage.a1ong Highway 95,

4. Town of Amargosa Vailey - limited acreage at intersection of Highways
95 .and 29. ' '

5. Pahrump Valley - small planned community development.

6. Ash Meadows - planned subdivisions totalling approximately 100 ha (260
acres). e . : -

7. Oasis Valley - unknown acreage.

~ Future subdivisions are planned in Ash Meadows and Pahrump Valley. In Ash
Meadows, Johnnie Townsite is planned to be about 65 ha (160 acres), and Forty
Bar Estates is planned to be about 40 ha (100 acres). The largest.subdivision
in Pahrump Valley is planned to be located near the center of the valley around
the old Pahrump Ranch (0'Farrell et al., 1981). Other parcels of former farm-
lands in the valley have been purchased for future subdivision.
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3.1.4.2 Tarrestrial and aquatic ecosystems

An extensive literature raview was performed in 1981 tn determine the
current stata of knowledge about the ecological charactaristics of tha NNWSI
Project study area (Collins et al., 1982). Based upon the raview findings, a
field study was initiated in 1982 to gather sita-specific information of the
ecological characteristics of the Yucca Mountain area (Q'Farrell and Collins,
1983). The findings of these studies are summarized in the following sections..

Terrastrial vegaetation

The southwestarn Navada Tast Site encompasses threeffﬁzhstic zones:
(1) the Mojave Desert, which is a warm dry deser?fﬁ’:‘rr?;§;be1ow an elevation
of 1200 m (4000 ft); (2) the Great Basin OSert, &hj is a relatively cooler
and wetter desert occurs at elet;%fgﬁs ab6v£> Q0 E)(SOOQ ft); and (3) the
transition zone, often calledt the f:éﬂsit{en Desert, which extends in a broad
east-wast corridor betweeﬁ’zhe\Mojawe'Ehd Great Basin deserts at elevations of
between 1200 and 1500 m (4 and 5000 ft). Literature reviews indicated that
the following five major vegetation associations would occur in the southwest
portion of the Nevada Tast Site within the three floristic ragions: Larrea-
Ambrosia (creosote bush-bursaga), Larrea-Lycium-Grayia (creosote bush-boxthorn-
hopsage), Coleogyna (blackbrush), Artemisia (sagebrush), and Artemisia-
pinyon-juniper.

Ouring the 1982 sita-spacific investigation, six, rathar than five;
vegatation associations were absaerved and their characteristics and distribu-~
tion were described (Figura 3-14). Five of the associations were named for the
species of woody perennials that were dominant, based upon either numbers of
individuals or percentage of cover. The sixth association included vegetation
reclaiming an old burn. Thesa six associations are described balow. Detailed
lists of the species composition can be found in 0'Farrell and Col1ins'(1983).

Larrea-Ambrosia. An association dominated by Larrea tridentata and
Ambrosia dumosa exists on the bajada (an area of coalescing alluvial fans) on

the southeastern side of the study arez (Figure 3-14). The association
2

comprisas 7.3 percent, or 4 km~ (1.5 miz), of the project area and generally
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occurs below 1000 m (3400 ft) in loose soils aither with or without pavements
of small rocks. Larraa-Ambrosia is at its upper alevational limit and contains
elements of Transition Desert vegetation. Shrub cover averagas 18.3 percant,
and average perennial plant biomass is 12,465 kg/km2 (1397 1b/acre). '

Larr2a-Lycium-Grayfa. The associatfon dominated by Larrea tridentata,
Lycium andersonii, and Grayia spinosa, covers 34.5 percent, or 18 km?
(7.1 miz). of the project area. It predominatas on the eastarn bajadas of
cantral Yucca Mountain at elavations ranging from 1000 to 1300 m (3400‘to
4300 ft). Relief is generally low to moderate, and soils ara rocky with an
imperfactly developed surface pavement. Larrea is absent on upper bajadas and
at the basas of high hills or mountains whera slopes be [To &0 steepen sharply,
but it is present along drainages in mountainous.agg;s. Shrub cover averages
22.0 percent, and average biomass is 17,235:kg/km2 1931 1b7;cre). The Larrsa-
Lycium-Grayia vegatation associanfgﬁ‘is chqfh:ﬁariiéd by a relatively large
number of winter annual_species. -

-

Lycium-Grayia. Tha ﬁ;;;ﬁm-Grayia vagatation association,. which occupies
26.2 percent or 14 km2 (5.4 miz) of the project area, is a fairly complex,
highly variable association which contains many subassociations and locally
dominant species. The ubiquitous prasanca of both Grayia and Lycium, however,
is a unifying factor. Lycium-Grayia occurs abova the Larrea dominated
associations on upper bajadas and slopes of all grades and exposures and seems
to prefer rocky soils. [t is the dominant vegetation on slopes and ridge tops
throughout the southern and cantral sections of Yucca Mountain (Figure 3-14).
This association is similar to Larrsa-Lycium-Grayia vegetation, contains most
of the same species not commonly found with Larrea, and occurs primarily near
the top of Yucca Mountain and on the highest hills. Shrub cover avaragas
34.7 parcent and average biomass of perannial plants is 29,770 kg/km2
(3337 1db/acre).

Coleagyne. Vegetation in which Coleogyne ramosissima predominates occurs
in two distinct locations: (1) on tha tops of the larger, flatter ridges of
the northern portion of the project area, including the northern portion of
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Yucca Mountain, and (2) on the baJada south of Pinnacles Ridge and east of Prow
Pass in the upper Yucca Nash drainage. CoIeoozne vegetation exists over
21.4 percent, or 11 km2 (4 4 mi ), of the proJect area. This assocfation is an
indicator of and s restricted to the Transit1on Desert. Coleogyne favors
sites w1th moderate- to 1ow-slope angles and does not occur on steep, rocky, or
boulder-strewn_s1opes.> oleogxne,is absent where,relative]yrlevelsridge tops
give way to steep, rocky slopes. Desert pavements are often well developed on
bajadas where Coleogyne occurs. Shrub cover varies from 45 to 51 percent, and
perennial biomass averages 31,700 kg/km (3554 1b/acre). The density of annual
plants seems to be lower than in any other assoc1ation surveyed. (Coleogyne
tends to form near monocultures having few associated species. . Bromus rubens, .
an introduced winter annual grass, does not occur in tneftﬁick stanas that
usually characterxze oleogxne in other parts otftﬁﬁlNevada\Test Site. -
Coleogyne-Larrea. A distig;tfzrea on:the\bajeda near Fortymile Canyon \
(Figure 3-14) supports”g,essociatnon\dominated by both Larrea tridentata and .
Coleogyne ramosissima. - C”eogyne,f;rFEa vegetation comprises 8.8 percent, or
4.7 km2 (1 8 m12), of thg,ppdject area. ‘This association probably best
represents ‘the ecotone between MOJave and Trans1t1on Desert vegetation. It
more close]y resembles oleogxne assoc1at1on both because of the paucity of.
associated shrub and annual species and because of the well-developed desert
pavement soi]s. Shrub cover is 26.0 percent, and perennial biomass averages
26, 750 kg/km (2998 lb/acre)

Grasslandeurn Site. A large portion”of the ridge top'of'central Yucca
Mountain was burned either shortly before or in 1978. This burn, which
extended for 2.3 km (1.4 mi) and occupied 77 ha (190 acres),. is old enough that
a community of perennial and annual grasses with;on]y scattered shrubs, has
had time to'deveIOo; Composition of the orig1nal vegetat1on was difficult to
determine because dense oieogxne existed .at the northern