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CONVERSION FACTORS

For use of readers who prefer to use U.S. Customary units,

conversion factors for terms used in this report are listed

below.
Multiply By To obtain
Length
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)
square kilometer (kmz) 3.861 square mile
(sq. mi)
Flow
meter per day (m/d) 3.281 foot per day (ft/d)
Chemical concentration
milligrams per liter About 1 part per million
(mg/L)



STUDIES OF GEOLOGY AND HYDROLOGY IN THE
BASIN AND RANGE PROVINCE, SOUTHWESTERN UNITED STATES,

FOR ISOLATION OF HIGH-LEVEL RADIOACTIVE WASTE

EVALUATION OF THE REGIONS

By M. S. Bedinger, K. A, Sargent, and William H. Langer

U.S. Geological Survey

ABSTRACT

Six regions in the Basin and Range province, ranging in size
from 21,600 to 80,000 square kilometers were evaluated to
identify prospective hydrogeologic environments for isolating
high-level radiocactive waste. Prospective hydrogeologic
environments were evaluated on the basis of the surface
distribution of potential host rocks, late Cenozoic tectonic
activity, hydrogeologic characteristics, and mineral and energy
resources,

The six regions were selected as prospective for this study
from a screening of the Basin and Range province. The six
regions have certain characteristics that appear favorable for
isolation of radiocactive waste. The scant precipitation and
great potential for water loss by evaporation and transpiration
results in little surface runoff and ground-water recharge. This,

combined with other hydrogeologic factors, results in to areas
within the regions that have thick unsaturated zones and long

ground-water flow paths and traveltimes.



Host media in the unsaturated zone include crystalline
rocks, volcanic rocks, and basin £ill. Potential host media in
the saturated zone are predominantly crystalline igneous rocks,
but include also argillaceous rocks, evaporitic rocks, intracaldera
tuffs, and laharic breccias.

Relative gfound-water velocities and traveltimes in
potential host rocks and from potential host rocks to discharge
areas were estimated from general properties of the rock types
and available data on the hydraulic gradient. The estimates of
relative ground-water velocity and traveltime were based on
ranges of hydraulic properties of the rocks that include most
values and limited geologic and hydrologic knowledge of the
regions. The ranges of relative traveltime estimated are
believed to bracket most cases, but unknown hydraulic properties
outside the range estimated could cause the estimates to be
different by several orders of magnitude. Traveltime through a
10-kilometer distance in crystalline igneous rocks of average
permeability and porosity will afford isolation of more than
10,000 years, and locally much more, except where anomalously
fractured. Because of the difficulty of characterizing fracture
distribution, permeability, and continuity in crystalline rock,
these rocks are considered more favorable as waste-isolation
~environments where low permeability sedimentary rocks.enclose or

overlie the igneous mass.



The Basin and Range province has a history of active
tectonism throughout géologic time. Late Cenozoic tectonic
activity in the regions studied generally is less than many
areas in the Basin and Range province. However, within the
regions studied there are areas of great tectonic activity. The
hazard of future tectonic activity in an area could be minimized
by selection based on the absence of Quaternary and present
activity. Further studies of Quaternary and present tectonism
including seismic activity, Quaternary faults, and all
neotectonic activity, need to be made in areas selected for
further investigation.

Consideration of the recurrence of pluvial conditions, as
existed during the Pleistocene, is needed in a thorough
analysis of a potential repository. Changes in ground water
accompanying changes in pluvial conditions may include an
_increase in recharge, a rise in ground-water levels, and an
increase in hydraulic gradients and velocities.

Ground water in the province generally is suitable for most
uses. However, notable exceptions exist in some playa areas and
in some areas where ground water is a calcium sulfate type and
contains large concentrations of dissolved solids. Ground-water
supplies, however, are limited in much of the province because of
the generally low permeability of the bedrock and of the lower
part of the basin fill. '

The regions have mineral potential, but at the present time,
mineral and energy resources are not widely utilized.

Assessments of mineral potential need to be made in areas selected

for further study.



Traveltimes from potential host rock to natural discharge
areas are estimated through the more permeable rock units at
depth in the flow system. Traveltimes in many flow systems are
projected on the basis of estimated hydraulic properties and
gradient to be extremely long times (more than 106 years). Such
times are much greater than can be predicted because geologic
and hydrologic factors may change the conditions under which
traveltime was projected. Accordingly, a projected traveltime
of greater than 100,000 years is reported as appropriate and
considered a conservatively long time. Traveltime through a
distance of 10 km in crystalline igneous rocks commonly is
projected to be greater than 100,000 years; traveltime in
carbonate-rock aquifers commonly is projected to be less than
100,000 years.

The prevailing lack of detailed subsurface information on
the character of the geologic units, their stratigraphic and
structural relationships, and hydrologic properties of the rocks
and the flow systems, limits analyses that can be made without
additional data. Discussions of hydrogeologic environments in
the regions are hereby prefaced with the qualifications that
additional studies are needed to obtain site-specific data from

which evaluation of the environments can be made with confidence.



Potentially favofable host media for isolation of high-level
radioactive waste in the Trans-Pecos reigon, Texas, include
unsaturated and saturated igneous intrusive rocks and thick
sections of tuff and basalt. 1Igneous intrusions in thick shales
hold prospects for hydraulic and geochemical barriers to
radionuclide migration. Unsaturated rather than saturated
volcanic rocks are considered more favorable as a repository
media. The more clearly defined issues of concern are the
widespread availability of fresh ground water and the possibility
of exploration for mineral and energy resources.

The principal potentially favorable host rocks in the Rio
"Grande region, New Mexico and Texas, are unsaturated and
saturated intrusive igneous masses located near the origin of
long ground-water flow systems. Natural barriers are provided by
fine-grained clastic and crystalline rocks and evaporitic rocks.
Saline water and the fine-grained nature of much of the basin
£i11 will limit ground-water development,

Waste-isolation environments in the Sonoran regions of
Arizona and California are enhanced by the arid climate with
scant precipitation and great potential evaporation, the tectonic
stability of the regions, and the long ground-water traveltimes
from potential host rocks to natural discharge areas. The
potential host media include unsaturated and saturated intrusive
rocks, and unsaturated volcanic rocks and basin fill. Chemiéal
retardation of radionuclide transport may be afforded by clay
minerals in weathered igneous and metamorphic rock, and zeolitic

and argillaceous basin-fill deposits.
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Potential host media in the Death Valley region, Nevada and
California, include tuff and crystalline intrusive rocks in the
saturated and unsaturated zones and basalt, tuff, and basin fill
in the unsaturated zone. Ground-water traveltime and retardation
of radionuclides by sorption probably will afford long-term
isolation from the near-surface environment. Tectonic activity
is of concern, especially in the western part of the region.
Additional studies in this area would be necessary to thoroughly
assess hazards posed by tectonic conditions. Ground-water
quality in the region is suitable for most uses except in a few
terminal discharge areas.

Environments containing unsaturated and saturated intrusive
and tuffaceous igneous rocks are prospective for further study in
the Bonneville region, Utah and Nevada. Low permeability and
radionuclide retardation by the host rocks would provide the
principal barriers to radionuclide migration. The region is
relatively quiet tectonically. Water-supply potential is known
in the upper part of the basin fill and the water is suitable for

most uses throughout most of the region.



INTRODUCTION

Objective of this Report

The regions selected for the present phase of study have
been characterized in the preceding six chapters (Professional
Papers 1370-B through G) of this report series (fig. 1). The
information detérmined as being pertinent to identifying
environments favorable for the isolation of high-level waste are
summarized in these chapters. The guidelines for evaluation of
the regions, and the rationale for the treatment and the basis
for hydrogeologic characterization of the regions are given in
the Chapter A. The objective of this chapter is to evaluate the
geologic and hydrologic conditions in the regions with respect
to the guidelines in order to identify areas favorable of further
study for isolation of high-level radioactive wastes. Comparisons
of favorability of areas between regions are not made. Such
comparisons would be of doubtful validity because the information
base from which comparisons would be made are not equal. The
titles of chapters in Professional Paper 1370 are given below:

A - Basis of characterization and evaluation

B - Characterization of the Trans-Pecos region, ?exas

C - Characterization of the Rio Grande region, New Mexico.'

and Texas | | | |

D - Characterization of the Sonoran region, Arizona

E - Characterization of the Sonoran region, California

F - Characterization of the Death Valley region, Nevada

and California






G - Characterization of the Bonneville region, Utah and
Nevada

H - Evaluation of the regions

The reports in this series are closely integrated and
contain a minimum of repetition. The reader needs to consult
chapters A and H, and the appropriate regional chapters (B-G) in
order to achieve a complete understanding of the characterization

and evaluation of an individual region.



Overview of Regional Evaluation

The arid to semiarid climate in the Basin and Range
province is considered a favorable characteristic for the
isolation of high-level radioactive waste. The excess of
potential evaporation compared to precipitation and consequent
slow rate of recharge throughout much of the region in
combination with other geologic and hydrologic factors
contributes to areas with great thickness of unsaturated zone--a
prospective environment for waste isolation. Host media in the
unsaturated zone include crystalline rocks, volcanic rocks, and
basin fill. The estimated ground—watgr traveltime from potential
host rocks to discharge areas is used as one indicator of the
effectiveness of an environment in isolating high-level
radioactive waste from the human environment. The velocity of
water movement in the unsaturated zone is a function of the
moisture content, the hydraulic conductivity, and the rate of
flux. Velocity of flow above the water table in dense, but
fractured rocks, may not contribute greatly to long traveltimes.
However, in an arid environment with a negligible or no flux in
the unsaturated zone, contact of water with the wéste will be
slight and may be virtually eliminated through the use of
engineered barriers. Interstitial flow in unsaturated friable or
pumiceous tuff, having a large unsaturated moisture content may
céntribute.significantly to long traveltimes. frobléms in ..
identifying and establishing the rate of flow in the unsaturated
zone persist because of problems in characterizing the physical

processes and nature of the media.
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Potential host media in the saturated zone are predominantly
crystalline igneous rocks. Other rock types inventoried and
considered include evaporitic rocks, laharic breecias,
intracaldra tuffs and argillaceous rocks, With some possible
exceptions of bedded salt deposits in the Sonoran region of Arizona,
evaporitic rocks are of limited distribution and are inhomogeneous
with clastic interbeds. Such characteristics are not considered
favorable for host rocks. Laharic breccias locally are
extensive. These mixtures of clastic mudflows and volcanic rocks
have little permeability and may deserve further evaluation as
potential host rocks. They are, however, in this report regarded
as low permeability barriers to ground-water flow and as probable
retardants to radionuclide transport. Intracaldera, and locally
a few extracaldera, ash-flow tuffs may attain thicknesses as
great as 3,000 m. These rocks have small values of interstitial
hydraulic conductivity and'may have few joints and fractures--
favorable properfies for a potential host rock in the
saturated zone. Argillaceous rocks historically have been
considered as possible host rocks. In the western part of the
Basin and Range province, the argillaceous rocks are tectonically
deformed and of variable character and distribution that not
only decreases their desirability as potential host rocks, but
also decreases their efficacy as ground-water flow barriers.
'Argillaceous'rocks in thexRio Grande and Trans-Pecos régiqns;
though locally faulted, are largely near original attitudes and
in continuous layers, some of great thickness. Their lithology
and thickness locally may be suitable for consideration as host

rocks, but their principal advantage to waste isolation is

11



considered to be as barriers to ground-water flow and geochemical
retardants to radionuclide transport.

Relative ground-water velocities and traveltimes in
potential host rocks and from potential host rocks to discharge
areas are estimated from general properties of the rock types
(Chapter A) and available data on the hydraulic gradient. The
estimates of relative ground-water velocity and traveltime are
based on ranges of hydraulic properties of the rocks, and limited
geologic and hydrologic knowledge of the regions. The ranges of
relative traveltime estimated are believed to bracket most cases,
but unknown hydraulic properties outside the range estimated
could cause the estimates to be off by several orders of
magnitude. Traveltime through a 10-km distance in crystalline
igneous rocks of average permeability and porosity will afford
isolation of more than 10,000 years, and locally much more,
except where anomalously fractured. Because of the difficulty of
characterizing fracture distribution, permeability, and
continuity in crystalline rock, these rocks are considered more
favorable as waste-isolation environments where low permeability

sedimentary rocks enclose or overlie the igneous mass.
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Traveltimes from potential host rock to natural discharge
areas are estimated through the more permeable rock units at
depth in the flow system. Traveltimes in many flow systems are
projected on the basis of estimated hydraulic properties and
gradient to be extremely long times (more than 106 years). Such
times are much greater than can be predicted because geologic
and hydrologic factors may change the conditions under which
traveltime was projected. Accordingly, a projected traveltime
of greater than 100,000 years is reported as appropriate and
considered a conservatively long time. Traveltime through a
distance of 10 km in crystalline igneous rocks commonly is
projected to be greater than 100,000 years; traveltime in
carbonate-rock aquifers commonly is projected to be less than
100,000 years.

The prevailing lack of detailed subsurface information on
the character of the geologic units, their stratigraphic and
structural relationships, and hydrologic properties of the rocks
and the flow systems, limits analyses that can be made without
additional data. Discussions of hydrogeologic environments in
the regions are hereby prefaced with the qualifications that

additional studies are needed to obtain site-specific data from

which evaluation of the environments can be made with confidence.
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The Basin and Raﬁge province has a history, throughout
geologic time of active tectonism. Late Cenozoic tectonic
activity in the regions studied generally is less than in many
areas in the Basin and Range province. However, within the
regions studied there are areas of great tectonic activity.
The hazard of future tectonic activity in an area could be
minimized by selection based on the absence of Quaternary and
historical activity. Additional studies of Quaternary and
historical tectonism, including seismic activity, Quaternary
faults, and all neotectonic activity, need to be made in

areas selected for further investigation.
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Consideration of the recurrence of pluvial conditions as
existed during the Pleistocene is necessary in a thorough
analysis of a potential repository. Changes in ground water
accompanying pluvial conditions may include an increase in
recharge, a rise in ground-water levels, and an increase in
hydraulic gradients and velocities.

Ground water in the province generally is suitable for most
uses., However, notable exceptions exist in some playa areas and
in some areas where ground water is a calcium sulfate type and
contains large concentrations of dissolved solids. Ground-
water supplies, however, are limited in much of the province
because of the generally low permeabiiity of the bedrock and of
the lower part of the basin fill.

Mineral and energy resources have not been widely developed
in the regions under study, but the regions have mineral
potential. Additional assessments of mineral potential need to

made in areas selected for further study.
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Participation of the Province Working Group

This report is written by the U.S. Geological Survey
Province Working Group members and U.S. Geological Survey staff.
The State members of the Province Working Group have had a
review, consulting, and advisory role during the screening phases
of the Basin and-Range province. State members of the Province
Working Group have reviewed the technical content of this evalua-
tion chapter for accuracy and consistency. Although the report
meets in a general way their concepts of technical accuracy, the
State members of the Province Working Group do not necessarily

accept in detail all conclusions of this report.
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EVALUATION OF THE REGIONS

Each region of study is discussed separately in this report.
The information in the characterization chapters (B through G) of
this report series is briefly summarized in an accompanying table
for each region. References to the sources of information are
not given in this report, but can be found in Chapter A and the
appropriate chapter on each region. The guidelines for evaluation
and basic source references also are given in Chapter A, as are
sections that present the information base for evaluation.

A second table in the section of this report for each region
summarizes potentially favorable factors and issues of concern
relative to characteristics of the region for potential
containment and isolation of high;level radioactive waste.

Each region was selected in the province phase of screening
as having potential for further study. Hydrogeologic environ-
ments typical of areas within each region are shown in generalized
hydrologic sections and discussed in relation to known characteristics
of the areas that provide multiple natural barriers to radio-
nuclide migration and potential for long-term isolation of

radioactive waste.
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Trans—Pecos Region, Texas

SUMMARY OF GEOLOGIC AND HYDROLOGIC FACTORS

: 2
The Trans-Pecos region has an area of about 27,800 km

bordering the Rio Grande in western Texas (fig. 2). The

‘geologic and hydrologic characteristics of the region are
summarized in table 1. The hydrogeologic characteristics
favorable for waste isolation, and corresponding issues of concern
for each factor considered ih the regional phase of screening

are given in table 2.
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Figure 2.--Physiographic features of the Trans Pecos region, Texas.
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Table 2.--Potentially favorable bydraogeologic factors and issues
of concern and study needs relative f£o isolation of high-

level radicactive waste in the Trans-Pecos region. Texas
[m, meters; mm/yr, millimeters per year; mg/L, milligrams per liter]

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

—— — —————————— ———— — — ———— . T — — ———— — T — ——— —— i~ — ] . o, T e S S it i o S S S—— — S — —

POTENTIAL HOST BOCKS

-Some intrusive rocks occur
as stocks.

-Thick sills and laccoliths
intruding argillaceous
rocks may be potential

host environments.

-Unsaturated basalts and
tuffs are potential host

rocks in the region.

.~Argillaceous rocks in ground-
water unit TP-01 are potential

host rocks.

34

-Many intrusive rocks

occur as sills, dikes, and
laccoliths of unknown thick-
ness and extent.

~Field studies are needed to
define thickness and strati-
graphic relationships of
granitic rocks.

-Field studies are needed to
define thickness of unsat-
urated zone and lithology
of extrusive rocks.

-Saturated tuffaceous and basaltic
rock beneath unsaturated zone
may have potential for water-
supply development.

-Some argillaceous ro;ks con-
tain-coarse—grained:interbeds.
Studies are necessary to

define lithologic and

hydrologic character.



Table 2. --Wﬁymmmmﬁmm;ﬁms
of concern and study needs relative to isolation of high-level
radiocactive waste in the Trans-Pecos region, Texas-=-Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

QUATERNARY TECTONIC ACTIVITY

-Known tectonic activity in -Additional Quaternary faults
the region is limited, with might be located by field
few Quaternary faults, slow studies.

rate of tectonic uplift, few
earthquakes, no Quaternary
igneous activity, and slight

to moderate heat flow.
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Table 2.--Potentially favorable bydrogeologic factors and issues
of concern and study needs relative to isolation of high=level
radiocactive waste in the IranszPecos region. Texas==Contipued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

GEOMORPHIC PROCESSES
~Stream entrenchment at a
maximum rate equal to the
rate of long-term vertical
crustal movement, 1 to 2
m per 104 years, would
not decrease effectiveness of
a waste-isolation environment

at a depth as great as

200 m during 100,000 years.

-Large, short-term, local -Short-term, local rate of
rates of vertical uplift vertical uplift could be
are not expected to per- as much as 6 mm year.

sist for periods long enough
to affect integrity of a

repository.
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Table 2.--Potentially favorable bydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Trans-Pecos region., Texas--Continued

———— —— —— — ———— —— — _—— — _— —— — ———— — —— — — —— —— —— —— — — — —— S it Y Yo e S Y W T Y P . v S . e S i o S S

Potentially favorable Issues of concern
hydrogeologic factors and study needs

——— — ——— ————— ———— —— — ——————— ————— —— — —— - {1 — — . ‘2 " o S . e o i S o T e Y v e e g Vi S o o

GROUND-WATIER HYDROLOGY

Ground-water flow conditions

-Relative ground-water -Subsurface data on
traveltime from potential geologic framework and
host rocks to natural dis- data on hydraulic properties
charge areas is very long. of rocks and hydraulic
-Intermediate discharge points gradient are few.

from potential host rocks

to discharge at or near major
streams are not indicated by
thermal springs.
-Slow ground-water velocities

in argillaceous rocks and fine-
grained interbeds are

barriers to ground-water

movement.
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Table 2.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Trans-Pecos region, Texas--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

GROUND-WATER HYDROLOGY (Continued)
Changes in boundary conditions

-Lowering of sea level would -Increase in ground-water
not appreciably affect level during pluvial cycle
base level of ground-water will decrease area of
discharge to Rio Grande. potential host rocks in

the unsaturated zone.
-Inundation of Salt Flat
will decrease ground-

water traveltime at shallow

depths in ground-water unit

TP-03.
-Entrenchment of the Rio Grande -Increase in hydraulic
during a pluvial cycle will gradients will increase
lower ground-water discharge ground-water velocities.

level and tend to attenuate

affects of increased recharge.
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Table 2.--Potentially favorable hydrogdeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Trans-Pecos region, Texas--Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

WATER SUPPLY

-Crystalline rocks generally are

not explored to depths

greater than 100 m for water

supply.

39

-Small to moderate quantities
of water are available to
wells in indurated rocks.

~Large quantities of water
are available locally from
basin £ill and volcanic
rocks.

-Ground-water production has
caused a depression in the
water table in the northwest
part of ground-water unit

TP—03.



Table 2.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Trans-Pecos region, Texas--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs
GEOCHEMISTRY
Water guality

-Ground water generally
contains less than 3,000

mg/L dissolved solids.

Retardation of radionuclides

-Deep flow paths travel through
long distances of carbonate
rocks, These rocks commonly
contain marl that may retard

radionuclide migration,
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Table 2.--Potentially favorable hydrodeologic factors and issues
immmmwmwﬁwﬂ
radioactive waste in the Trans-Pecos region, Texas--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

MINERAL AND ENERGY RESOQURCES

-There is no current mineral -Because of past exploration
production from the region. for minerals, geothermal,

-There is no oil or gas uranium, and oil and gas,
production from the region. there may be future explora-
-Potential for geothermal tion for mineral and energy
production is minimal. resources.

-Thermal ground water may
have potential for use in

space heating.



HYDROGEOLOGIC ENVIRONMENTS

Hydrogeologic environments typical of those in the south-
western part of ground-water unit TP-01 are shown in
hydrogeologic section A in plate 1. The environments chosen for
discussion are in geologic terrane of Cretaceous and Tertiary
sedimentary rocks overlain by volcanic rocks. The Cretaceous
rocks overlie thrust sheets of the Marathon complex of Paleozoic
age. These sequences have been intruded by middle and late
Tertiary silicic igneous rocks in the form of stocks, laccoliths,

sills, and dikes.
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The ground-water hydrology of the area is affected by the
Upper Cretaceous sequence that contains thick shale units.
Individual shale units are as thick as 280 m; aggregate thickness
of Upper Cretaceous shale may be as much as 500 m. This sequence
is at or near the land surface throughout a large area in ground-
water unit TP-01 and probably retards downward movement of water
and controls the emergence of many small springs in the area.

The ground-water discharge from the deep zones beneath the shale
is to the Rio Grande, as shown in hydrogeologic section

TP-A (pl.l), and to Terlingua Creek. Arrows indicate the
component of flow direction in the plane of the section.

Because all flow is not in the plane of the section, some

arrows appear discordant to the regional flow pattern.

Potential host rocks in the area include intrusive rocks
comprising stocks and laccoliths. Laccoliths intruded into the
-shale section may provide a potential host environment enclosed
in a barrier to ground-water flow and radionuclide transport.

The thick shale units of the Upper Cretaceous are considered

worthy of examination as host rocks.
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Because the shale units restrict downward movement, only a
small percentage of ground-water flow enters deeper rock units
in the area. 1Instead, much of the ground water in the region
occurs in small, shallow cells, traveling only short distances
before being discharged as springs at horizons above the shale.
In contrast, flow paths from outcropping or subsurface igneous
plutons in topographically high areas would be downward and a
large part of the flow would follow the underlying Lower
Cretaceous carbonate units. Another benefit of the shale in the
region is that it also is a barrier to upward flow. This
would tend to keep radionuclides in the underlying carbonate
rocks from migrating upward to an accessible environment. Travel-
times along deep flow paths are very long, as shown by the
hydrogeologic sections modeled in Chapter B of this report
series., Ground-water velocity in the carbonate-rock unit
(hydrogeologic section TP-A, pl. 1) under a gradient of 0.007 would
be 7 X 10—4 to 7 X 10—3 m/d based on a ratio of hydraulic
conductivity to effective porosity (K@) of 1 X 10-l and 1 X lOo
m/d. Traveltime in the carbonate rocks from the igneous rocks at
distances of 20 km, 40 km, and 55 km (pl. 1) from the Rio Grande
would be 7,800.to 78,000 years, 15,700 to 157,000 years, and
21,500 to 215,000 years respectively. Traveltimes in the under-
1lying Marathon basin rocks would be two times or more greater
because of generally sméller K/8 and lower hydraulic'gradient.
Ground-water velocity in the intrusive rocks having a K/# of 5 X
10-: to 2 X 10-2 under a hydraulic gradient of 0.0l would be 5 X

10 to 2 X 10 m/d. Traveltime through a distance of 10 km
4

would be 2 X 10 vyears.
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Retardation potential to radionuclide movement in the ground-
water flow system is provided by Upper Cretaceous shale, silicic
intrusive rocks, shaley and marly limestone of Early Cretaceous
age, and shale in the Marathon facies. Sorption of radio-
nuclides also is favored by the small dissolved-solids
concentrations of ground water (generally less than 3,000 mg/L)
and calcium bicarbonate or sodium bicarbonate type water.

A small percentage of the area has prospective unsaturated
environments in basalt, tuff, and intrusive igneous rocks for
isolation of high-level radioactive wastes.

The area is quiet tectonically. Warm springs near the
Rio Grande reflect a minor volume of relatively deep convective
flow. Maximum anticipated rates of erosion would not jeopardize
a repository at a depth of 200 m during 100,000 years. A change
to a pluvial climate would not likely adversely affect waste-
isolation environments in the saturated zone; the unsaturated
zone might be decreased in area by an increase in recharge rate.

Though ground water generally is suitable for most uses, its
availability for supplies and, therefore, the risk of human
intrusion is limited; especially in shale and igneous rocks.
Large-scale mineral and energy resources have not been developed

however, there may be future exploration and development.
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Hydrogeologic environments that occur in ground-water units
TP-02 and TP-03 are depicted in hydrogeologic section TP-B (pl. 1).
Some aspects of the section also are typical of the western
edge of ground-unit TP-01., The area represented by section TP-B
northwest of the Marathon thrust belt and contains Precambrian,
Paleozoic, and Cretaceous sedimentary rocks overlain by
Tertiary tuff and basalt, and Tertiary and Quaternary basin
fill. Rocks of older Tertiary, Mesozoic, and pre-Mesozoic age
are intruded by a Tertiary granitic pluton. A caldera, though
invaded and uplifted by the Tertiary plutonic mass, still

contains remnants of welded tuffs.
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Potential host media along section TP-B (pl. 1) include
saturated and unsaturated intrusive rock and unsaturated
volcanic rocks. Precipitation, which occurs mostly in summer as
afternoon thundershowers, is greatly exceeded by the free-water-
surface evaporation, enhancing the unsaturated zone as a
potential waste ﬁedium.

The flow path of ground water is from the water-table
divide, approximately coincident with the topographic divide, to
the Rio Grande and to the Salt Flat. The flow péth is long and
the gradient is low, 0.007 to Salt Flat and consequently the
traveltime is long. The fastest velocity of ground water from
the caldera intrusions to the Salt Flat and to the Rio Grande
occurs in carbonate rocks. Assuming a gradient of 0.007, and a
K/8 of from 1 X 10—l to 1 X 100 m/d, the ground-water velocity in
carbonate rocks would be 7 X 10_4 to 7 X 10—3 m/d. Traveltime
through a distance of 100 km would be 4 X 105 to 4 X 104 years.
The velocity in the igneous rock would be slower, about 1.4 X 10_4
to 1.4 X 10_3 m/d assuming a gradient of 0.007 and a K/# of
2 X 10-2 to 2 X 10”l m/d. Though the flow path is shorter and
the gradient slopes to the Rio Grande, hydrogeologic sections in
Chapter B of this series, indicate that travel-times probably are
greater than 100,000 years.

~ Retardation of radionuclides would be affected by clay
minerals in the granite andmtﬁff ahd_by shaley zones in the
clastic and carbonate sedimentary rocks. Sorption of
radionuclides by the earth materials would be favored by small
dissolved-solids concentration in the water of the flow system

and a calcium and sodium bicarbonate type water.
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Tectonically the area has had sizable earthquakes, recent
uplift, and faulting in the basin area, many tens of kilometers
from potential host media. Such tectonism, being well outside
potential host-rock areas, would not adversely affect prospective
repository areas, Maximum anticipated erosion rates would not
affect the integrity of a repository at a depth of 200 m during
100,000 years. A change to pluvial conditions would possibly
decrease the thickness of the unsaturated zone. The response
time and potential water-level change to a climatic change need
to be considered in evaluation of the unsaturated-zone environment.

Ground-water supplies are limited from intrusive igneous
rocks, Saturated volcanic rocks beneath the thick unsaturated
zone may be a prospective water supply; however, large water
supplies are available from the basin £ill. Mineral and energy
resources, if present, are not currently produced. There may be

- future exploration for energy and mineral resources.

48



CONCLUSIONS

Potentially favorable factors in the three ground-water
units in the Trans-Pecos region support further search for
suitable waste-isolation environments. Potential host rocks
are primarily igneous intrusive rocks and thick intracaldera
tuffs in the saturated and unsaturated zones and unsaturated
tuffs and basalts. In ground-water unit TP-01, igneous
intrusives in thick argillaceous units provide multiple-barrier
prospects for further study. Ground-water traveltimes from many
areas of potential host rock to discharge areas are projected on
the basis of current hydrologic conditions to be several tens of
thousands to 100,000 years. With a recurrence of Pleistocene
conditions the velocity would increase in proportion to the
increase in gradient. A recurrence of Pleistocene hydrologic
conditions would have the greatest effect in raising ground-water
level, thereby decreasing the thickness and extent of the
unsaturated zone. Chemical retardation of radionuclides by
sorption on clay minerals in argillaceous and intrusive rocks
will likely isolate radionuclides for long periods in many
areas of the region. The generally limited Quaternary tectonic
activity appears to promise stability for 10,000 to 100,000
years., The more clearly defined issues of concern are the
- general widespread availability of potable ground water‘gnd the

possibility of exploration for mineral and energy resources.
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Based on guidelines established in Chapter A and the
available published and unpublished data, it appears that the
abundance of host rock in the western part of ground-water unit
TP-01 makes it more favorable than the eastern part of the unit
for future study. Tuffaceous units in the northern part of
ground-water unit TP-02 generally are thin. Thick tuff and
basalt occur in the southern part of the unit but the traveltimes
are shorter. Long travel-times from unsaturated tuffs and
granites in the southern part of ground-water unit TP-03 make
this part of the unit relatively favorable although host-rock

exposures are small.
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Rio Grande Region, New Mexico and Texas

SUMMARY OF GEOLOGIC AND HYDROLOGIC FACTORS

The Rio Grande region has an area of about 35,000
km2 east of the Rio Grande in New Mexico and Texas (fig. 3).
Geologic and hydrologic characteristics of the region are
summarized in table 3. Potentially favorable factors for

waste isolation and corresponding issues of concern for each

factor considered in the regional phase of screening are given in

table 4.
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Table 4.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-
level radioactive waste in the BRio Grande region, New
Mexico and Texas,
[m, meters; mm/yr, millimeters per year; mg/L milligrams per literl

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

POTENTIAL HOST ROCKS

-Abundant granitic stocks in
ground-water units RG-01 and
RG-02.

-Granitic rocks occurring as
stocks, sills, and laccoliths
crop out in the mountain

ranges.

-Laharic breccias of low
permeability may form
potential host media.

-Unsaturated basalts, ash-
flow tuffs, and laharic
breccias occur in maximum
thicknesses possibly as much

'aé 100, 600, and 700 m

respectively.

-Precambrian granitic rocks

locally fractured and foliated.

-Extent of sills and laccoliths
are not well known and some may
be of insufficient size for
potential host rocks.

-Granitic rocks are locally
highly fractured and sheared.
-Properties of laharic breccias
have not been examined as

potential host media.

-Unsaturated volcanic rocks are

of limited areal distribution.

-Potential host rocks are not
abundant; site studies needed

to determine their suitability.
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Table 4.--Potentially favorable bydrogeologic factors and issues
of concern and study needs relative to isolation of high-
level radicactive waste in the Rio Grande region, New
Mexico and Texas--Continued

Potentially favorable
hydrogeologic factors

POTENTIAL HOST ROCKS (Continued)

-Dominantly argillaceous rocks
occur in maximum thicknesses

of 550 to 760 m.

QUATERNARY TECTONIC ACTIVITY
-The region has few Quaternary

faults.

-Vertical crustal movement and
seismic activity is small,
except near the Socorro
uplift to the northwest of
the region.

~Geothermal heat flow is
less than 2.5Aheat flow units

in most of the region.

Issues of concern
and study needs

-Argillaceous rocks locally
contain interbeds of
evaporites and coarse-

grained sediments.

-Quaternary range-front faults
border the west side of the
southern Tularosa basin (ground-
water unit RG-01l). Dense
faulting in the southern part
of ground-water unit RG-01l.

-Strain release more than 10 and
short-term uplift in the northwest

part of ground-water unit of RG-02

associated with the Socorro uplift.
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Table 4.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-
level radiocactive waste in the Rio Grande region. New
Mexico and Texas--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

QUATERNARY TECTONIC ACTIVITY

{Contipnued)

-Quaternary volcanic activity -Quaternary volcanic activity
is limited to a few centers in is within 10 km of potential
the northern part of ground- host rocks in parts of ground-
-water unit RG-01 and RG-02. water unit RG-01 and RG-02.

GEQMORPHIC PRQCESSES
-Denudation of the‘surface at
a maximum rate equal to the

rate of long-term vertical

. crustal movement, 2 m per 104
years, would not reduce
effectiveness of a waste-
isolation environment at a

depth as shallow as 200 m

over a period of 100,000

years.,

-Larger, short-term, local. -Short-term, local verticgl
rates.of upiift are not uplift as great as~4
expected to persist for mm/yr is near northwest part
periods long enough to of ground-water unit RG-02.

affect integrity of a

repository. c6



Table 4.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-
level radjoactive waste in the Rio Grande region., New
Mexico and Texas-=-Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

GROUND-WATER HYDROLOGY
Ground-water flow conditions

-Relative ground-water travel-
time in deep sections from
potential host rocks to
natural discharge areas is
very long.

-Argillaceous rocks, laharic
breccias, and fine-grained
interbeds are barriers to

ground-water movement.

Changes in boundary conditions

-Subsurface data on hydrologic
properties of rocks and
hydraulic gradients are

sparse.

-Increase in hydraulic gradients
would increase ground-water
velocities.

-Recurrence of Pleistocene Lakes
Otero and Trinity will decrease
ground-water traveltime at
shailow depths in pétts of
ground-water units RG-01

and RG-02.
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Table 4.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-
level radioactive waste in the Rio Grande region, New

Potentially favorable Issues of concern
hydrogeologic factors and study needs

GROUND-WATER HYDROLOGY (Continued)
-Entrenchment of Rio Grande -Increase in ground-water level

during pluvial cycle will tend during pluvial cycle will

to lower ground-water level potentially decrease area of
and attenuate rise of ground- potential host rock in the
water level due to increase unsaturated zone.

in recharge.

Water Supply

-Potential host rocks, -Basin-fill deposits, basaltic
crystalline rocks, laharic and tuffaceous rocks, and sand-
breccias, and argillaceous stones may locally yield
rocks, are negligible to small to moderate quantities
minor sources of water of water, Basin fill locally
supply. yields large quantities of

water.

-Significant ground-water
withdrawal occurs in the
southern part of ground-
water unit RG-01 hear‘

El Paso.
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Table 4.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-
mmuﬁmmmmgwm
Mexico Texas--Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

GEOCHEMISTRY

Water guality

-Water quality is poor, con-
taining greater than 1,000
mg/L dissolved solids in
much of the basin-fill
deposits.

-Ground water at depth in
consolidated rocks may con-

tain greater than 3,000 mg/L.

Retardation of radionuclides
-Most deep flow paths in both
units travel through signifi-
cant thicknesses of fine-
grained alluvium to reach
natural discharge areas.
Retardation of radionuclides
is relatively high in fine-

grained alluvium.

-Most deep flow paths flow
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through carbonate rocks, which
may or may not retard nuclide
migration, depending on the

mineralogy in the carbonate.



Table 4.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to jsolation of high-
level radioactive waste in the Rio Grande region, New
Mexico and Texas--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs
MINERAL AND ENERGY RESOURCES
-Most mineral districts are ~There may be future explor-
small and currently inactive. ation fo energy and mineral

resources.
-There is no 0il or gas pro-

duction in the region.

-Potential for geothermal -Thermal ground water may have
energy production is low. potential for use in space
heating.
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HYDROGEOLOGIC ENVIRONMENTS

Hydrogeologic environments typical of the Rio Grande region
which may be prospective for further study are discussed below.
Data are not available for assessment of performance of specific
sites as isolation environments for high-level radioactive waste.
Therefore, specific sites in the region are not identified in the

scenarios.
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Some hydrogeolpgic environments typical of those in ground-
water unit RG-01 are shown in section RG-A (pl. 1), where
Precambrian crystalline and metasedimentary rocks, and Paleozoic
and Cretaceous sedimentary rocks which have been block-faulted
and intruded by Tertiary igneous rocks. The basin area contains
fill of Tertiary and Quaternary sediments and volcanic rocks.
Igneous intrusive rocks, the principal candidate host rocks, are
in the form of stocks, sills, and possibly laccoliths. Potential
host rocks occur in areas where ground-water recharge is
relatively low and flow paths are downward. The Paleozoic and
Cretaceous sequence contains fine-grained clastic rocks and
evaporites that retard the flow of ground water. Also within the
sequence are argillaceous rocks which have potential to retard
radionuclide migration. Gypsum and anhydrite in the Permian
section are responsible for moderate to high concentrations of
sulfate-type water in much of the flow system and in the basin
fill. The poor quality of water and the generally fine-grained
nature of the basin fill in New Mexico has tended to limit large-
scale development of ground water. Ground-water unit RG-01

contains large areas of unsaturated basin fill.
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Tectonism is evidenced by the Malpais, a Quaternary lava
flow in the north-central part of the unit, and Quaternary range-
bounding faults bordering the west side of ground-water unit RG-
01 and by, abundant Quaternary faults in the southern New Mexico
and northern Texas part of RG-0l. Quaternary faults are of
concern where fault-line trends align with potential repository
areas, Otherwise Quaternary faults showing displacement in basin
fill do not directly affect the surface occurrences of potential
repository rock. The effect on ground-water flow by faults in
the southern, downstream end of the flow system is minimal
because the area is near the discharge area; time of travel to
this area should be long and beyond immediate and mid-term
concern. Although tension faults tend to "heal" or become less
permeable with time, some of the faults may permit passage of
water from depth into the basin fill.

Geothermal wells in basin fill in the southern New Mexico
and Texas parts of ground-water unit RG-0l1 indicate upwelling of
geothermal-ground water from deep zones through zones of fracture

permeability or possibly along faults.
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Thick argillaceous sections and laharic breccias may be
candidates for study as host rocks. Although these rocks are of
low permeability, they are not uniformly homogeneous. However,
shales of Paleozoic age may contain permeable or soluble
interbeds of evaporites that would render them less desirable as
host media.

Ground-water flow from a potential repository in an igneous-
rock mass would be downward, thence lateral toward the Rio
Grande. Flow times are relatively long and retardation of
radionuclides would be afforded by the rocks in the flow paths.
Barriers to flow and radionuclide transport are present as
thick shales, argillaceous units and laharic breccias. Faults
along the front'of the ranges in the eastern part of ground-water
unit RG-02 are in the general area of downward ground-water
movement. Permeable fault zones would tend to direct ground water
flow to deeper zones. Permeable faults on the west side of the
basin, convey ground-water upward to shallower zones as indicated

by thermal wells and springs in this area.
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Maximum anticipated rates of erosion would not affect a
repository at a depth of 200 m during 100,000 years. A change in
climate to pluvial conditions would not greatly affect a
saturated repository environment in ground-water unit RG-01l. The
thick unsaturated zone (more than 150 m) in the area is not of
great areal extent and an increase in water level would reduce
the area of the prospective repository areas in the unsaturated
zone.

There is no current mineral, oil, or gas production in the
unit. Geothermal resources of the southern part of the area may
have potential for space heating.

Hydrogeologic environments typical of ground-water unit RG-
02 of the Jornada del Muerto, are shown in section RG-B (pl. 1).
The geologic structure of the area, as shown in section RG-B
(pl. 1), is a broad synclinal basin. Precambrian basement rocks
underlie the basin., The sedimentary sequence overlying the
basement rocks consist of Paleozoic, Mesozoic and Cenozoic
clastic, evaporitic and volcanic rocks having a maximum thickness
of 2,500 to 3,000 m. Potential host rocks are primarily silicic
igneous stocks, laccoliths or sills, most of which crop out in

the mountain ranges.
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Ground-water traveltimes from the ground-water divides,
to the Rio Grande in ground-water units RG-01 and RG-02 (pl. 1),
is very great because of the low hydraulic gradient, long flow path,

and general low permeability of the rocks. Ground-water velocity in
-5
the igneous plutons at the divides is estimated to be 1.5 X 10

to 6 X 10 m/d under a gradient of .03 with a rate of hydraulic
conductivity to effective porosity (K/8) of 5 X 10—4 to

2 X 10—2 m/d. Traveltime through 10 km of the igneous rock would
accordingly be from 1.8 X lO6 to 4.5 X lO4 years. Ground-water

velocity in the section from the igneous rock to the Rio Grande is
probably greatest through the carbonate rocks. Under a gradient
of 0.003, the velocity in carbonate rocks would be 3 X 10-3 to
3 X lO—4 m/d for K/8 of 1 X lO_l to 1 X 10o m/d and the travel-
time through a distance of 30 km would be 2.7 X 104 years to 2.7 X 105
years.

The ground-water velocity upward from deep flow paths to the
discharge areas is very small, as indicated by hydraulic
gradients (less than about 4 X 10—4) from the analyzed cross-
sectional models in the characterization report (PP 1370, Chapter
C), and the small permeability of the argillaceous bedrock units,
lower part of the basin fill and in ground-water unit TP-02,

laharic breccias.
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Quaternary tectonism in ground-water unit RG-02 includes
local areas of basalt flows and faulting. Seismic strain release
and short-term vertical uplift is relatively high in the northwest
part of the unit associated with the Socorro uplift located west
of the Rio Grande. These tectonic factors have little effect on
waste isolation in a crystalline-rock repository in the eastern
part of the basin.

Ground-water supplies in the basin are limited by the low
permeability of both the basin f£fill and the Paleozoic rocks, and
the poor quality of the ground water in the Paleozoic rocks.
There is no current mineral, oil, or gas production in ground-
water unit RG-02. Geothermal resources of the western part of
the area may have potential for space heating.

The recurrence of pluvial conditions would increase recharge
and reactivate filling of Pleistocene Lake Trinity in the northern
part of the Jornada del Muerto. The lake would probably impose
an intermediate discharge area on the ground-water flow that now
discharges to the Rio Grande. Ground-water flow at depth, and
repositories designed for the saturated zone may not be greatly
affected by pluvial conditions. Though the ground-water flow
velocities would increase, traveltime from repository rocks in
the San Andres Mountains would be very great (more than 100,000

_ years).
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CONCLUSIONS

Many potentially favorable factors for waste isolation in the
Rio Grande region indicate areas for further study. Potentially
favorable host rocks consist of intrusive igneous masses located
near the head of long ground-water flow systems. Natural
barriers are provided by fine-grained clastic and crystalline
rocks of low permeability and sorptive surfaces in flow systems
with low gradients. Quaternary tectonism must be considered if
future studies are made in the Rio Grande region., Possible
adverse effects can be minimized by assessments of Quaternary
tectonic conditions at alternative locations. The ground water

in much of the region is of poor quality for most uses.
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Saturated and unsaturated intrusive rock masses, and
unsaturated tuffaceous and basaltic rocks with potential as host
media occur, in the mountain ranges of both ground-water units
RG-01 and RG-02 of the Rio Grande region. The unsaturated zone
is of limited extent and may be reduced by recurrence of pluvial
conditions. The accompanying decrease in saturated thickness
would be minimal in highly transmissive rocks such as fractured
tuff and basalt. The properties of laharic breccias in ground-
water unit RG-02 have not been examined critically as potential
host rocks; however, in favorable hydrogeologic environments,
laharic breccias may be prospective for study. Argillaceous
rocks in the region deserve qualified recognition as prospective
host rocks because they contain interbeds of evaporites and
coarse-grained sediments that tend to reduce homogeneity or
increase permeability. Prospective environments would be
enhanced by the presence of thick argillaceous and laharic rocks
and fine-grained basin-fill deposits which would afford hydraulic
and geochemical barriers to radionuclide transport. Ground-water
traveltimes from potential host rocks to natural discharge areas
are projected under present and pluvial conditions to be greater
than 100,000 years. Chemical retardation will increase the
traveltime of radionuclides for long periods of time in many
parts of the region. Quaternary tectonic activity is relatively
" low, but is of local concern. It will probably not interfere
seriously with stability of waste-isolation environments. Ground
water is of generally poor quality, thereby reducing the chances

for future human intrusion.
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The long traveltimes and general abundance of granitic
exposures in ground-water unit RG-01 and in the northern part of
ground-water unit RG-02 suggest prospects for future search for
specific environments in these units. Of interest would be the
very extensive unsaturated zone in the southeastern part of
ground-water unit RG-0l1 for environments in thick alluvium. The
southern part of ground-water unit RG-02 however, has a general
lack of host rock and paucity of unsaturated section. This,
combined with probable short traveltimes from granitic rocks near
the Rio Grande, appear to limit prospects for further study in

the southern part of ground-water unit RG-02.
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Sonoran Region, Arizona

SUMMARY OF GEOLOGIC AND HYDROLOGIC FACTORS

The Sonoran region of Arizona has an area of about
48,900 km2 eaét of the Colorado River (fig. 4). The
geologic and hydrologic characteristics of the region are
summarized in table 5. The potentially favorable factors for
waste isolation and corresponding issues of concern for each

factor considered in the regional phase of screening are given in

table 6.

81



|
J I ! _ \\\\hﬁ TR
L E\ ) WV i _ :_E._,&\\\M\I/
By L % J. /..ﬂ. e
2 SN \ //M/v/e,\ RIDLAN NA/(llk/. _ fz \\\ = )
/ AR ES ” !
o YW //,/Mﬁﬁ X 3
A Y RS > o 3
= e =2 \ a
X %,_\\\\7// 71N .. .
. z 7 Iy el
i R H U4 \\\\\\ \\“ Wi 5
X 5% N ST w S S
2, o« \\\\\oﬁ\‘ 7 \ =N /////;ZAIA S RO A s/ N
2 >z [ %7 \\6 @\\ \\\ Q S /// ////// & % o™ N
By mm = \5\\&%‘ - ﬂ\ s \,\l/ //a,/W W\&\\\ //2%“ .
i N g A EX N & A\
33 Vi ‘.\\ //,.//Vvo = Z \\\\\\\“ N s A
KRR AN e T 2 %% N ) o8N
Moy . S s> w2 %, $ & N
AU TANSICCLAS. T R AL 2 e
N ' // N ", 7% S //.m,a.max = %4: XF Q m,./, 8
N . IEZ Ty 7 IR O A
N ) i SEE R AR\ A EEE N e .
=S ) //////////, iy =5 = e N * ) YR
M // //////////’/M! tocz;—..m//,/.//l W« WIM”I iz, 4470 /.//ca.. mvwfh 3 /ﬂ,u_ S & S » E iw :_\ "
. Y, . w%,,, TRERINS , EESE T %% Y e £ -
B E puat (NI ///////, N ), =€ 3 \ & New g ] % B
R, N W ////f:: ﬁm// © 7/ lZS= ¢ hﬁ% ; * ,,/W«wv%: o O LI
Ry L e ! .\L«SE//////«/V///M///%“:_E// e 22 Vi \ \Q.\WM% 2 ! . \:..w/(f%////_ e a.)b /Aétmw G \ £z
g€ % \\\:_?.//ﬂ//, e 2 SEVAS N\ BN eSS M,///%N %a//f, / %18
$e AN S IS by = R === Ve
S wice A 2= sl 32w S S A
i, Y e N < it 1, 7 RN ! 3
Zin :,MV. ey - &i \\\\ \\\\\\k ““\\\\\NM“\WF\\\\\\ \,//0 Q N \0 2
ot . Wiy 0w 1/ N - N 2
QTN 2 AN i o .
< \
NS > [ o
FIS g > coL0RA0 ! . .\ ole
3 “ana
! ! 1 :
) 3 A |

features of the

Figure 4.--Map showing physiographic

Sonoran region, Arizona.
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Table 6.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Sonoran region, Arizona
[m, meters; mm/yr, millimeters per year; mg/L, milligrams per liter]

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

POTENTIAL HOST ROCKS

-Some granitic rocks are
massive and unfractured.

-Granitic rocks are
widespread and underlie
large areas within re-
pository depths outside
surface-outcrop areas.

-Basaltic rocks in thick
unsaturated zones are wide-

- spread. Aggregate thick-
nesses are as dgreat as
400 m,

-Tuffaceous rocks in thick
unsaturated zones occur in
significantly large areas.

-Unsaturated basin fill as
great as 150 m in thickness

occur in the region.

-Locally granitic rocks are

highly fractured and foliated.

-Individual flows are 15 to 20 m
composing a non-homogeneous

mass.

-Thin beds of tuffaceous and other
volcanic rocks compose a non-

homogeneous mass.
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Table 6.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level

radioactive waste in the Sonoran region., Arizona--Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

QUATERNARY TECTONIC ACTIVITY

-Most of units have strain
release less than 10.
-Vertical crustal movement
is generally less than
2 m per 10 years.
-Quaternary faults are
sparse and largely located

in basin areas.

-Geothermal heat flow is

-Some regions have strain
release less than 10.

-Vertical crustal movement is

"more than 4 m per 104 years
in parts of three units due
to nearby tectonic forces.

-Quaternary faults have been

mapped in most units; but

detailed studies have not been

made.

-Locally geothermal heat flow

less than 2.5 heat flow units is less than 2.5 heat flow units

in most of the region. in ground-water units SA-07 and
region. SA-10.
~Quaternary volcanic activity -Quaternary volcanic activity is
is absent in most of the within 10 km of potential host
region, rocks in ground-water units SA-03

and SA-06.
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Table 6.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Sonoran region, Arizona--Continued

Potentially favorable Issues of concern
hydrogeclogic factors and study need

GEOMORPHIC PROCESSES

-Denudation at a maximum rate -Long-term vertical crustal

equal to the rate to the long- movement as great as 4 m per 104
rate of vertical crustal years could indicate adverse
mozement, 2 to 4 m per tectonic activity.

10 years over most of

the area would not reduce

effectiveness of a waste-

isolation environment at a
a depth as shallow as

300 m over a period of

100,000 years.
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Table 6.--Potentially favorable hydrogeologic factors and issues
memngﬁdﬁmlmmwgimm

radioactive waste in

n the Sonoran region, Arizona--Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study need

-Relative ground-water travel-
time from potential host rocks
to natural discharge areas
is very long.

boundary conditions

-Lowering of base level

Changes in

in trunk streams will tend to
attenuate rise in water level
during a glacial epoch

and maintain unsaturated

section.

-Site data on hydrologic
properties of rocks and

hydraulic gradients are sparse.

-Increase in recharge during a
pluvial cycle will tend to
decrease area of potential host

rocks in the unsaturated zone.

-Change to pluvial climate will
tend to increase hydraulic
gradient and decrease travel-
time near the water table.

-Increase in hydraulic gradients
will decrease ground-water

traveltime.
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Table 6.--Potentially favorable bydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radicactive waste in the Sonoran region. Arizona--Continued

Potentially favorable
hydrogeologic factors

Water supply

-Granitic rocks are minor

sources of water supply.

GEQCHEMISTRY

Water guality

-Ground water contains more
than 3,000 mg/L in parts of
ground-water units SA-02,

SA—03' and SA-04-

Retardation of radionuclides

-Deep flow paths commonly

flow through fine-grained basin

Issues of concern
and study need

-Basin-fill deposits, basaltic,

and tuffaceous rocks may yield
moderate to large quantities

of water.

-Ground-water withdrawal in ground-
water unit and SC-07 has caused
depressions in the water table

in those areas.

-Ground-water quality is less
than 3,000 mg/L over most of the

region.

£ill or crystalline (granitié or

metamorphic) rocks which offer

radionuclide retardation.
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Table 6.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level

radiocactive waste in the Sonoran region, Arizona--Continued
Potentially favorable Issues of concern
hydrogeologic factors and study need

o, .

MINERAL AND ENERGY RESOQURCES

-The few active mines affect -Active mines are in ground-
a small part of the region. water units SA-03, SA-07, SA-08,
and SA-09.
-Potential for geothermal -Thermal ground water may
energy is low. locally have potential for

space heating.
-Mineral potential is poorly

known.
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HYDROGEOLOGIC ENVIRONMENTS

Hydrogeologic environments typical of the Sonoran region,
Arizona which may be prospective for further study are discussed
below. Data are not available for assessment of the performance
of specific sites as isolation environments for high-level
radicactive waste. Therefore, specific sites in the region are
not identified in the scenarios.

Hydrogeologic environments which occur in the region
are shown in hydrogeologic sections in plate 1. Basement rocks
Tertiary and Cretaceous granitid rocks overlain by Tertiary and
Quaternary volcanic rocks and unconsolidated basin fill.
Extensional faulting in middle Tertiary time produced ranges and
basins. Basin-and-range faulting in this region is older, than
to the north in Nevada. This is evident in the southern part of
the region where there is mature erosion of ranges, large areas
of basin and alluvial fill, and integrated surface drainage
(hydrogeologic section SA-A, pl. 1). Hydrogeologic section SA-B in
plate 1 represents basins of interior drainage, although most
drainages in the region are open to the Gila or

Colorado Rivers.
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The arid climate has a dominant effect on ground-water
hydrology. The average annual precipitation is as little as 100
mm/yr; average annual evaporation is 10 to 20 times the annual
precipitation. 1In contrast to mountain ranges elsewhere in the
Basin and Range province, many of the ranges in the southern
Sonoran region of Arizona are low, commonly less than 1,000 m
above the basin floors. 1In much of the area the low ranges tend
to minimize the orographic effect of the mountains in receiving
more precipitation than the basins. Recharge in much of the
region is thus believed to be very small. 1In contrast the
western part of ground-water unit SA-07 has higher ranges which
receive greater precipitation and probably more recharge than
the remainder of the region.

Potential host media in the region include salt, saturated
and unsaturated granitic rocks, and unsaturated basalt, tuff, and
basin f£ill. The areal extent of the thick (more than 150 m)
unsaturated zone is poorly known, but sufficiently large to hold

promise for further study.
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Ground-water traveltimes along deep flow paths from
potential host rocks are very long from near ground-water divides
to natural discharge areas. Ground-water traveltime is retarded
by small hydraulic gradients and low permeability of the
crystalline rocks, especially at depths where fracture
permeability is probably low, and by fine-grained, indurated
lower parts of the basin f£ill. The fine-grained Miocene Bouse
Formation of marine origin is believed to be present in the
downstream parts of the basins on the Colorado and Gila Rivers,
and their major tributaries, such as the environment shown in
hydrogeologic section SA-A (pl. 1). Clay minerals in the basin
fill, and in weathered volcanic, metamorphic, and igneous rocks
would probably afford significant retardation of radionuclide
transport.

Ground-water velocities in deep igneous intrusions at depth
with a ratio of hydraulic conductivity effective pososity (K/8)
of 5 X 10--4 to 2 X 10_2 m/d and a hydraulic gradient of 0.03
would be from 1.5 X 10'_5 to 6 X 10_4 m/d. At this rate,
traveltime through 10 km of igneous intrusive rocks would be 1.8
X 106 to 4.5 X 104 years. Ground-water velocities in shallow
metamorphic rocks with a K/8 of 5 X 10-2 to 4 X 100 m/d and a
hydraulic gradient of 0.003 would probably be within the range of
1.5 X 10_4 to 1.2 X lo_z_m/d. The ground-water traveltime along
deep flow paths from igneous intrusions near the gréund—waterr
divides to natural discharge areas, under these assumed hydraulic
conditions, would greatly exceed 106 years. Large thermal or

cold springs indicating anomalously great hydraulic conductivity

are rare, 106



The area adjacent to the Salton Sea trough to the southwest,
and an area near Lake Mead at the northern end of the region have
recorded significant seismic activity and some short-term crustal
uplift. A Quaternary basalt flow crops out in the northeastern
part of ground-water unit SA-03. Tectonism is interpreted to be
of minor conce?n in assessment of repository environments in the
southern part of the Sonoran region, Arizona. Tectonic stability
and the mature geomorphic development of the region would
indicate that erosion should not impair the integrity of a
repository at a depth of 200 m over a period of 100,000 years.

Structurally, the basement rocks of the region have been
complexly foliated and faulted during several episodes of
tectonism. Evidence of control of ground water by fault planes
are given by the few thermal springs. The geologic age of the
faults, even the basin-and-range-extension faults are relatively
old, and the relatively small volumetric flux through the flow
systems would support the view that the fault zones are of low
permeability.

Ground-water potential from the crystalline metamorphic and
igneous rocks is small, although the water quality is good.
Ground-water potential is moderate to large in volcanic rocks and
coarse—-grained basin fill and the water quality is good in these

units, except in the discharge area along the Gila énd Colorado

Rivers.
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CONCLUSIONS

The principal features holding favorable prospects for study
of the Sonoran region, Arizona, for waste isolation include the
arid environment, potential host media in saturated and
unsaturated intrusive rocks, saturated salt, and unsaturated
extrusive rocks; 16ng ground-water traveltimes; and low
Quaternary tectonic activity. Estimated traveltimes are very
long (more than 100,000 years) under present climatic conditions
and would probably be of similar lengths under pluvial conditions
such as existed in the Pleistocene. Chemical retardation of
radionuclides would be afforded by sorption by clay minerals in
the weathered igneous and metamorphic rocks, and zeolitic and
argillaceous basin-fill deposits. Ground-water quality is
generally good, except where associated with evaporite deposits,
as in ground-wate; unit SA-09. Ground-water development in
- bedrock will be restricted because of the low yield potential.

The more favorable areas for further study appear to be the
ground-water units SA-0l1, SA-02, SA-03, SA-04, SA-08 and SA-09.

The areas which appear to have less favorable environments
at this level of screening are ground-water unit SA-05, SA-07,
and SA-10. Ground-water units SA-05 and SA-10 lack large areas
of potential host rock. Although ground-water unit SA-07 has
abundant'pqtential host rock, it generally has very short,
interrupted flow péths. Deeper'fiow paths would be difficult to

" model, and the analyses would have a very high degree of

uncertainty.
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Sonoran Region, California

SUMMARY OF GEOLOGIC AND HYDROLOGIC FACTORS

The Sonoran region of California has an area of about
21,600 km2 and is located west of and adjacent to the Colorado
River (fig. 5). The geologic and hydrologic characteristics
of the region are summarized in table 7. The potentially favorable

hydrogeologic factors for waste isolation and corresponding

issues of concern for each factor are given in table 8.
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Table 8.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-leve]
radioactive waste in the Sonoran region, California.

[m, meters; mm, millimeters; mm/yr, millimeters per year;
mg/L milligrams per liter]l

Potentially favorable Issues of concern
hydrogeologic factors and study needs
PHYSIOGRAPHY

-Precipitation is extremely low
throughout the region; between
100 and 200 mm/yr with very few
exceptions.,

-Mean annual free-water surface
evaporation ranges from 1,750 to
more than 2,000 mm/yr.

POTENTIAL HOST ROCKS

-Granitic-rock outcrops are

abundant throughout most of

the area.

-Many sheared granitic rocks -Much of the granitic rock
occur in thick unsaturated in the region is reported
areas. to be tectonically fractured

-Fractures in some granitic and sheared.

rocks may have been "healed"

by remelting.
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Table 8.--Potentially favorable bydrogeologic factors and issues
of concern and study needs relative to isolation of bigh-level
radioactive waste in the Soporap region. California-=Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

POTENTIAL HOST ROCKS--Continued

-Tuffaceous rocks are widespread

but generally thin in ground-water

units SC-01 and SC-02. However
ash-flow tuffs are as much as
350 m thick in the southeastern

part of ground-water unit SC-01.

-Large areas of unsaturated basin
£ill occur in ground-water units
SC-03 through SC-06.

QUATERNARY TECIONIC ACIIVITY

125

-Granitic host rocks in

western part of ground-

water unit SC-02 (approximately
30 percent of potential host
rocks) are within 10 km of

an area of strain release
greater than 10. 'Minor parts

ground-water units SC-01

and SC-05 are affected.



Table 8.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Sonoran region, California--Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

QUATERNARY TECTONIC
ACTIVITY--Continued

-Most of ground-water units SC-03,
SC-04, SC-05 and SC-06 have long-
term vertical crustal movement
of more than 4 m per 104
years.

-Quaternary faults are sparsely
located in ground-water units
sCc-01, sc-02, sc-03, sC-05,
and SC-06, and have not been

mapped in ground-water unit

SC-040

~Geothermal heat flow is less
than 2.5 heat flow units in most

region.
-Quaternary volcanic activity

is absent or insignificant in most

of the region.

126

-All of ground-water units
SC-01 and SC-02 have long-term
vertical crustal movement
of more than 4 m per 104

years.

-Quaternary faults are
within 10 km of host rock
(approximately 50% of the

host rock) in ground-water

unit sC-02.

-Locally geothermal heat flow
is less than 2.5 heat flow
units in ground-water units
SC-02 and SC-04.

-Quaternary volcanic activity
is within 10 km of potential
host rock (approximately
50% of the host rock) in

ground-water unit SC-06.



Table 8.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Sonoran region, California--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

GEOMORPHIC PROCESSES

-Most of ground-water units SC-03, -Long-term vertical-crustal
SC-04, sC-05, and sC-06 have long- movement as great as 4 m

term crustal movement less than m per 104 years in the

4 m per 104 years. Denudation western half ground-water

of the surface at a maximum rate unit SC-01, the western half

of 1 to 4 m per 104 years . of ground-water unit SC-02, and
would not reduce effectiveness the southwest portion of
of a waste-isolation environment ground-water unit SC-05 may

of a depth of as shallow as 300 m indicate adverse tectonic

over a period of 100,000 years. activity.

-Short-term local uplift of
more than 4mm/yr occurin all
of ground-water units SC-01
and SC-62, and in the southern
part of ground-water units

SC~-03 and sC-05.
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Table 8.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radiocactive waste in the Sonoran region, California--Continued

Potentially favorable
hydrogeologic factors

GROQUNR-WATER HXDSQLQG!
Ground-water flow conditions
~-Very long ground-water traveltime
in deep sections from potential
host rocks to natural discharge

areas.

-All ground-water flow in ground-
water units SC-05 and SC-06, and
part of the ground-water flow in
ground-water unit SC-03 is
contained within closed basins,
offering containment within one
basin.

-Fine~-grained deposits in the
lower parts of basin fill are

“barriers to ground-water flow.
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Issues of concern
and study needs

—— — ——— — — —— — — — — — — —— — T — — —— —— ———

-Subsurface data on hydrologic
properties of rocks and
hydraulic gradients are sparse.

~Relative traveltime near the
water table from areas of
potential host rock to natural
discharge areas are short.

-Containment within one basin
precludes dilution at discharge

areas.

-Argillaceous confining or

beds of great thickness and
areal extent are generally not
preseht-in the mouﬁtain.blocks

and beneath the basin fill.



Table 8.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Sonoran region., California--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs
GROUND-WATER
HYDROLOGY-=-Continued

~Increase in ground-water level
during pluvial cycle will
decrease area of potential
host rock in the unsaturated
zone and increase ground-

water velocity.

-Entrenchment of the Colorado
River due to lowering its base
level and a change to pluvial
climate will tend to attenuate
change in water level due to

increase in recharge.

Water supply

-Granitic rocks, the primary -Basin-fill deposits may yield
potential host rock in this moderate to large quantities
regiqn, dre minor sources of of useable water.
water supply. | ~-Ground-water withdrawal in

ground-water unit SC-06 has
caused a depression in the

water table.
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Table 8.--Potentially favorable bydrogeologic factors and issues
of concern and study peeds relative to isolation of bigh-level

Potentially favorable
hydrogeologic factors

GEQCHEMISTRY
Water guality
-Discharge areas in ground-
water units SC-05, and SC-06,
and one discharge area in
ground-water unit SC-03 have
dissolved solids concentration
greater than 3,000 mg/L.
Retardation of radionuclides
~Most deep flow paths are through
dense crystalline rocks (granitic
or metamorphic rocks) and
fine-grained alluvium which
may offer radionuclide retardation.
MINERAL AND ENERGY RESQURCES
-Most of the productive mines and
mineralized areas are of limited
extent.
- ~Base-metal production is generally
small; | |
-Gypsum is produced primarily for
local mafkets. No gypsum mines are

currently productive.
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Issues of concern
and study needs

—— s — —— —————————— i . T ——— — — —— o

~Ground-water generally contains
less than 3,000 mg/L dissolved

solids concentration.

-Numerous lode-gold deposits
have produced small tonnages

of ore.

-Large gypsum resources in
Riverside County (ground-

water unit SC-02).



Table 8.--Potentially favorable hvdrogeoloaic factors and issues
of concern and study needs relative Lo isolation of high-level
radioactive waste in the Sonoran region, California--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

MINERAL AND ENERGY
RESQURCES--Continued
-Salt has been produced

from Bristol, Cadiz
(ground-water unit sC-05),
and Danby (ground-water
unit SC-03) Lakes.

-No coal occurrences or productive

0il or gas wells are identified

in the region,
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HYDROGEOLOGIC ENVIRONMENTS

Hydrogeologic environments which are typical of the Sonoran
region, California are discussed below and may be prospective for
further study. Data are not available for assessment of
specific sites as isolation environments for high-level radio-
active waste, and specific sites in the region therefore, are
not identified. However, the hydrogeologic environments that
are described are generally similar to some which do occur in the
region.

Hydrogeologic environments for waste isolation in the region
are shown in sections in plate 1. Prospective host rocks
are primarily saturated and unsaturated granitic intrusive
bodies and unsa£urated basin f£ill., Hydrogeologic section SC-A
(pl. 1) shows younger igneous rocks intruding Precambrian
metamorphic rocks, complexly thrust faulted prior to basin and
range extensional faulting. Basins adjacent to the Colorado
River have open drainage, or are partly closed by low topographic
divides, such as Danby Lake and Ford Dry Lake. Hydrogeologic
section SC-B (pl. 1)) depicts Precambrian metamorphic rocks again
cut by younger granitic intrusive bodies. These crystalline
rocks are unconformably overlain by Tertiary volcanic rocks,
Quaternary and Tertiary continental deposits, and Quaternary
alluvial,_lacustrine, and fluvial deposits. Ground-water basins
in ground;water units SC-05 and sC~-06, are topographibally

Closed.
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The climate is arid. Most of the area receives less than
100 mm/yr of preciptation about half of which falls as convective
thundershowers during the summer when potential evaporation is
great. A few of the high mountain ranges receive as much as 200
mm/yr. Recharge is very small and probably occurs intermittently
in response to large storm events.

Potential environments for high-level waste storage in
igneous plutons in the mountain ranges include both the
unsaturated and saturated zones in which ground-water flux is

small.
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There are two scenarios for the natural termination of flow
paths in this region. Discharge either occurs in closed basins
such as Danby and Cadiz Lakes, or could occur at the Colorado
River. The long head of deep flow paths may be intersected by
mined repositories in the unsaturated and saturated zones. Flow
paths in crystalline igneous and metamorphic rocks project beneath
the basin fill which presents barriers to upward flow by their
indurated nature. The lower part of the basin fill, composed of
fill of continental subaerial and lake deposits, or the marine
Bouse Formation in basins near the Colorado River, may have the
smallest permeability of rocks in the flow system. Clay
weathering products in joint planes of crystalline metamorphic
and volcanic rocks in basin fill will also retard radionuclide
transport. Ground-water travel is under low hydraulic gradient
in rocks of low permeability in long flow paths. There are no
large thermal springs in the area that would indicate highly
permeable fault zones and permit rapid ground-water movement from
great depths to the surface. Ground-water velocities at depths
greater than 300 m in the metamorphic and igneous intrusive rocks,
having a ratio of hydraulic conductivity to effective porosity
(K/9) from 5 X 10_4 to 2 X 10-2 m/d, under a hydraulic
gradient of 0.03, would range from 1.5 X 10-5 to 6 X 10—4 m/d.
Projected ground-water traveltimes along deep flow paths in
crysﬁalline igneous and metamorphic roéks under a gfadieﬁ£Aof 0.003
indicate traveltimes from near ground-water divides to natural

5
discharge areas to be much greater than 10 years.
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Ground-water velocity is also a function of flux and
moisture content. In the unsaturated zone, moisture content is
less than porosity. Velocities could be as great as 6 X 10--3 m/d
for a downward flux of 10 mm/yr and a moisture content of 0.5
percent (possible in basalt) and less than 6 X 10-5 m/d for
downward flux of 0.1 mm/yr and a moisture content of 5 percent
(possible in basin fill). Based on these assumptions, the time
of travel of water through a 200 m thickness of unsaturated zone
could be as low as 100 years for basalt and as great as 105 years
for basin fill. |

The unsaturated basin fill is possibly of sufficient
thickness to host a mined repository. An important advantage of
a potential site in the unsaturated zone would be a location in
which the saturated flow beneath the repository moves into the
crystalline rock beneath the basin fill.

Tectonically the area is generally stable. Siting studies
should assess the specific hazards associated with nearby
Quaternary faults and volcanism. The tectonic stability and
mature geomorphic development of the region indicate that erosion
should not impair the integrity of a repository at a depth of
200 m over a period of 100,000 years or more.

Ground-water potential in the crystalline rocks and fine-

" grained lower part of the basin fill is low, reducing the chance

of inadvertent human inttusion in the deep, long flow paths.

Mineral and energy potential is not presently exploited.
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CONCLUSIONS

Prospective host media for isolation of high-level radioactive
waste in the Sonoran region, California,hare primarily igneous
intrusive rocks and unsaturated basin fill where traveltimes of
ground water to discharge areas are very long, The environments
are enhanced by the arid climate in which potential evaporation
greatly exceeds precipitation, lack of large or thermal springs
indicative of anomalous ground-water flow, and the tectonic
stability of the region. Ground-water traveltimes are projected,
under both present and pluvial conditions, to be greatly in
excess of 100,000 years from many potential host-rock areas to
discharge areas. Recurrence of pluvial conditions would tend to
increase ground-water levels and reduce the thickness and extent
of the unsaturated zone. Chemical retardation of radionuclides
will be afforded by clay minerals in both weathered crystalline
rocks and basin f£ill. Hydraulic barriers in the lower part of
the basin £ill would result from the fine-grained and indurated
nature of the sediments.

Granite and unsaturated basin f£ill appear to be viable host
media in the Sonoran region of California. Long flow paths from
potential host rock and unsaturated areas to discharge areas
appear most favorable in ground-water units SC-02, sC-03, SC-04,
SC-05, and sC-06. Thpugh'the region is complex geologically, the
abseﬁce of hydrologic anomalies lends confidence to éstimates of
long traveltimes projected from host rocks to natural discharge
areas, Tectonically the region is stable, but the long-térm
vertical uplift rate in the western parts of ground-water units

SA-01, SA-02, SA-05, and SA-06 must be evaluated in further studies.
136



Death Valley Region, Nevada and California

SUMMARY OF GEOLOGIC AND HYDROLOGIC FACTORS

The Death Valley region has an area of about 80,200
km2 in south-central Nevada and southern California (fig. 6).
The region is named for the largest and most prominent desert
basin in the region, Death Valley, which is the ground-water
discharge area for a large part of the region. The geologic and
hydrologic characteristics of the region are summarized in table
9. For each factor considered in the.regional phase of screening,

the potentially favorable factors for waste isolation and the

corresponding issues of concern are given in table 10.
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Figure 6.--Physiographic features of the Death Valley

138

Nevada and California.

region,



+1X uu 000’z ueyy 133eaib o3 062’1

wo1J sabuei eaie ayz 103 uorieiodeas
30PJINS-133PM-3313J [PNUUP-URIR  —-== -— - —— i _— - -—— ——— USTTCIOA0AT

3k, uu Q0§
I13A0 ST £Q-Ad 3TUD I133PM-pUNO1b
3o 31ed 1reWs 3uo pue {1l uw QG
13A0 31e §0-Ad 3ITUN 133em-punoib Jo
31ed u133saM 3Y3 pue gQ-AQd 3ITun 133EM
-punoi1b 3Jo 3jied uzasam syl °suoridado

-x3 m33 Ki1aa yatm ‘1K, mu 90z pue Q00T

u2aM319q ST uoThax ayz ur uor3le3TdrIdsid  --- -— -— —_— — -— _— _— - USTTeTTATSS1g
008‘Z 000°‘T 006‘CT 06 (114 4 00S’T 0GE‘YT 0S¥ 00E‘V T3
urseq §T JeUY

¥5TE IFEWTXOIAAY
‘w Q00y‘z 2Aoqr ATrRIaudb
91k surejuUNOW SE3I3YM ‘w 0GT
#oTaq A1reaauab aie surseq ayi 3Jo
S9pNITITY °TIAdT RIS 3Aoge uw Q0E‘E
ueyy aiow 03 ‘X3[TeA yaead ur 343l

pas MOTa2q W gg ueyj ajlow woil abuei

uotrba1 A31TeA y3eaQ@ 3yl ur SIPn3ITITe ayr O00€‘’S 00S‘E 00L‘L 00Z‘T 00T‘T O0O0L‘¥ 00v‘v¥ O00E‘T 000‘6 oy
4
ur B5I€ IO 92713
THIVIDOISXAd
sjuawwo)d 60-Ad 80-Ad L0-Ad 90-Ad S0-Ad ¥0-Ad €0~-AQ TO0-~-Ad ao|>o d13sTI930RIRYD

s3Tun iajem-punoid

(19317 13d sweabTITTTW ‘7T/Bbw £1333wOTTy ‘wy {I1933W ‘w {SI335WOTTY
21enbs 4/ wy ‘sr932wTITTTW ‘uww {1edk 1a2d siajawrTTIW /1K /ww}

BTUIGITTE) PUE BPPASN "UOTHST ASTTEA UIesd
3UT IO SSTISTISISCICYS STOOTCIPAY PUE 3THOT0S6 IO ATEWWNS--*6 I71qel

139



wy g°g9 ueyy

0T 0T 0s 0 01 (134 0ze 0 0S€ ¢ 3Jow 2ie
3ey3y sdoaosino

snonbrjuoo 3jo

uy ur ‘eaie Te3ol
z

01 0z 09 0 114 oy 06¢ 0 09€E uy uy ‘eaire

mMuuuso 1e30%L
SY30T 3TITesTd

o gsT

*L0-AQ pue . Ueqy ISTESIG
‘£0-Ad ‘TO-AQ S3ITUNn 133eM-punoib Y5 53 Tenbs BUSE
UT 10500 s3teseq pajeinjesun YOTYL . psIeINIESUN

00T 08s 011t oov oey 0L9 065’1 0¢ ovm. uy g*9

4
ueyl aiow aie

jeys sdoiojno
snonbrjuos 3jo

uy ur ‘eaie Te3ol

[4
*Z0-Aa 3daoxa 01T 009 09T oov ovy 069 0zL'T 0z 068 wy ur ‘eaie
S3TUN 133em-punoiab fTe UT ' mMuouso 1e30%
Indo0 s)Y501 o5T3TURIb pajeinjesun | TYS0Y JTITUETH
Y309 I50H TVIINTLOL
J0 IONITINIS0
S3uauwon 60-Ad 80-Ad (0-AQd 90-Ad SO0-Ad VO-AQ €0-Ad Z0-AQ T10-Ad oT3sTId3dRIRYD

S3TUN I133eM-pUNOIDH

PSNUTTUSI=-CTUTSTITY) PUT TPEASN TUSTSHST ASTTCA UTESq .
SUT I5 E5TTSTISISCICUS STHOTOIPAY PUT 3TBOTOSB J6 ATPUNAS--°g a1qel

140



08 0 0z 09 0 0€E 088 0 0 wy 5°9
| ueyl uwumwnm ale
jeyl sdoiojno
snonbTjuoo
Jo eaie [e30]
08 0 0t 0TT 08 - 0E 0S6 0T 0 uy ur eare
*60-AQ pue ‘/p-Ad m0mou:o 1e301
‘90-AQ ‘S0-AQ ‘Y0-AQ ‘€0-Ad ‘T0-Ad Y50
UT INd50 SYD01 sno3ddeTitbiy SHOSSBTTIBIY
wy G*9 ueyy
OtE ov 0¢Z9 0 0 0 oLy’c 0 0t Numummum aie
3ey3 sdoidino
snonbtT3juod jJo
wy ur ‘eaie [e3ol
*w Q0L sayoeoidde ¢
£0-Ad 3TUn 133eM-punoilb ut
S33N3 JO SSIAUYOTY] pa3jeinjesun Qbe 0S | ov9 0 0 0 089‘¢t 0 0c uy ur ‘eaxe
‘w ootV mmuuuso 10301
se yonu se ST SSau¥OTYl 3ajebaibby Y501 SHos5eIIng
*60-AQ PU® ‘R0-AQ ‘L0-AQ )
‘€0-AQ ‘T0-AQ 3ITun JId3emM-punoib U JTT UBUT ST0UW 3USZ
Ut INd250 S3IIN3 pajeinjesun YOTYJ, pITeINTESUN
Y509 IZOH TYIINIIOL
J0 FONFIINII0
Sjuauwo) 60-A0 80-Ad L0-AQ 90-Ad S0-Ad P0-Ad  €0-Ad Z0-Ad T0-AQ oT3sTid3ldeIRY)

S3TUN 133EM-pUNOI9

pInUTIUCH-=FTUIOITIE) PUT TPEASN "USTBSI ASTTEA UITSd
3YT IS TSTISTISIOCIBUS STHOTOIPAY PUT 3TSOTO056 I0 ATOWURS--°¢ 31qel

141



orv 0€9 08L oov orv 0TL . 08z‘s 02

09% 0L9 098 oov 09¥ 0tL 069'S 02

00z ‘1 wy g9 ueyy

4
I33eai1b aie

3eyy sdoioino
snonbriuod Jo
wy ur ‘eaze

[4
aoejins Te30]

0Lz’t wy ur ‘eaie
wmmwusw Te304
TITTT UTseq
P3TEINTESUN 1O
TSTEUS SPATSUT JoU
T5OPY Y3071 TEOU
TeTTUSTO8 1O T5TE
aoTI>ING TPI0T
TpSnuTIusyy SYO09

I50R TYIINII0L
QUZQMMduud

s3juswuwo)

60-A0 80-Ad L0-AQ 90-AQ S0-AQd FO-AQ - €0-Ad Z0-Ad

.10-AQ oT3sTIaldeaeyd

S3TUn 133eM-punoid

PUT TPEASN TUSTSSTY ASTTEX UTesd
507 IO uqauwaququqqunu 3TBOTOIPAY PUT 3TBOTOSH 10 ATPUUNS--*g a1qed

142



sax S3x Sax S3x  S3IX S3x sax ON sax (ou 10 s?4k)
Tun uTy3lTAM
8Ind500 siedlk
‘R0-AQ pue 0T 12d w p ueyy
4
‘90-Ad ‘S0-AQ ‘V0-AQ ‘£0-AQ S3TUun 13230216 30 3371dn
J23em-punoib Jo s3ied uiajsam ayl . tw1a3 buo
ur sarpnis oTbhotoab Aq pajeorpurl TUSusASU
saeak 000‘0T 12d w @z ueyy aiow 3311dn TeISNIS TeSTITISA
0z 0s 0t oy 0 0 0sS 0 0c 0T ueys
*s3sa3 1ealonu Aq
193e231b asearaa
3ied abie] ur pasned aie 33Ig
uteiys jo
1S9 eprASN 9yl 3o sayenbyjzaez
wy 0T uTryTA
*juauwpunodwy 133eM 03 pajeta1l
. 3501 3soy
AT3aed ai1e peay ayeT je sayenbyzaegm
Tetauajod jo
*€0-Ad ITUN I3d3EM-pUNOIb
eaie doidjyno
utr 00T ueyl I133ea1b aseafaa ureIls
JO 3uad1adg
*apnjtubew 13ssaT 10 Auey ‘*apnjytubew 9-g
S3UdAd OM] ‘gO-Ad 3ITUN 133eM-pUNOIb
fapnjTubew [-9 S3UdA2 oM3 ‘apnjTubeu S3x sax s3x sax Sax ON Sax ON S3X (ou 10 s3k)
9-G S3U3Ad OM3 ‘RO-Ad ITun I33jeM 01 uey3l
-punoi1b ?{spnjtubew /-9 JUIAD SUO pue 1230316 9searax
‘apnjtubewl 9-§ YITM SIUIAD '231Y3 SUTRIUOD ute13s
90-AQ 3ITun I123eM-punoib--sayenbyjyiemy STESTST UTEIIS
_XIIATIOV
JTINOIIIT
TIYNTIINTIO
S3ua3uwoy 60-Ad 80-Ad L0-AQd 90-AQ S0-AQ PO-AQ €0-Ad C0-Ad oT3sTIdjdRIRYD

s3Tun J3ajem-punoid

T10-Ad

ponuT3UOd--eTUIOIT[P) DPUF TPEASN "USTHSY ASTITA Uiead
3UT IO TOTISTISIOCIEUS STOOTOIPAU PUT STHOTOSH IO ATOUNNS--°¢ o1qed

143



OoN ON ON

0¢ 00T 01

ON ON ON

0§ 0§ ov

ON ON ON (ou 10
. sak) Huryassy
5T132po0db

uo paseq

1K/ un § ueysy
aiow JO 3JUIWIAOK
Twiaj 3jIoysg

sieak o1 13d uw

v
¥ ueyl aiouw

o€ 0 0T

Jo 3311dn
y3tm o001
3soy fer3uazod
Jo eaie doidjno

Jo 3ua013g

(PaNuUT3uod)
tw1d3 buon

144

TPSOUTIUSTY
IITATION
JINGILIEY

TIYNTITIVN0O

SJjuawwo)

60-A0 80-Ad LO-Ad

90-Ad S0-Ad V0-Ad

S3TUN J133PM-PUNOID

€0-AQd Z0-Ad 10-AQ

5T38TI33dRIRYD

pINUTIUG)--FTUISITTE) pUE

CPEASK TUSTESTY ASTICR UTeSa
3UT IO TITISTISIOCICQS JTOOTOIPAU pue udddﬁddm I5 ATTWANS--°6 9[gRL



bur1aaaT
oT39poab

uo paseq

3K uu ¢

ueyy aiow jo
JjusawaAOW Y3TM
3001 3soy
Tet3uajod jo
eaie doi1o3no
Jo 3juadiagd

TpsnuUTIUS)
wIST JI00T

TPsnaTINsy) TUSUSASU
TeIsnIS TESTITSA

145

To3SnuUTIUGY
TITATIOV
JINOIIIL

TIVNTIINI0

s3udwwo)

60-AQ 80-Ad L0-AQ

90-Ad S0-AQ VO0-Ad

£E0-AQ T0-Ad 10-Ad

S3TUNn 133jem-punoin

oT3IS5T1330R1RY)

PINUTTUSH--BTUTSTITTE) PUT TPEASN TUSTBESY ASTITA UTTsd N
307 I0 SSTISTISISEICYS STHOTOIPAY PUT 3THOTOS6 J6 ATPUUAS--*¢ 2Tqel



ON ON ON ON Sax ON Sax ON ON - (ou 10 s3k) 3Tun
UTUYITA SINDO0
s3TUN MOTJ
jJeay g°z ueyy
310w MOT3J IedH
®OTY JosH
0z 09 0¢ 0€E 08 08 0§ 00T 0¢ 3Tney
Kieuaajend
Jo wy 071
utTy3yTA 3o01
3soy [erjuajod
jo eaie doid

-300 JO 3u3513d

sax Sdx S3X 53z sax S3ax SEX S3x sax (ou 10
. sak) 3tun ut
inoo0 (s)3Iney
Kieuiajend
EITNEY ATEUISIENO
TPSUTIUSTY

SINOLIIL
TIUNTITIYN0

s3juauuwoy 60~-A0 80-~-Ad LO-AQd 90-AQ S0-Ad ¥0-Ad €0-Ad Z0-Ad T10-AQd 0T3sTI930BIRYD

S3TUN 133eM-pUNOID

pSnUTIUG)--CTUIGITI®) PUE EPEASN "UOTHEIY ASTTIPA UTesq
37 J0 S3TISTISISCICYS STHOTOIPAY PUE STHOTOSH IO ATPWUNS--°6 STqel

l46



s3TUun

MOT3 3®dY §°¢
ueyy aiow MoOT3J
jeay jo wy QT
uTylTA }d01
3soy terausjzod
jo eaie doid3jno

Jo juadiag

TosnuTIuoc3y
#oTY JesH

TPsnuTIuG3Y
TITATIOV
JINGIIIT

XYUNIITINIO

SIUdWWO)

60-Ad 80-Ad LO0-Ad 90-Ad S0-AQ V0-Ad £0-Ad 20-Ad

T0-Ad

S3TUN 133EM-pUNOIY

DT3ST133D0®IRY)

p3NUTTUCS=SeTUTSITICS PUE TPEASN "USTBSY ASTTPA Uiesd
SUT I0 TSTISTISTIOCICUS STBOTOIPAU PUT STBOTOSH JO ATPUWNS--°¢ STqel

147



*sweails juniy jo
juawyoua1juad asned Leu sbueyo
DTIRWUTIO pue ISATY OPRIOTOD

Jo 19aaT.39seq Jo Buriamor uwwwwwwmww

0 08 0 0 0 oy 0T ] ] . wsTUedTOA

Kieuaajend

30 wy 0T

utTy3aTA yd01

3soy Terjuaizod

jo mmum_m0uuu:o

JO uadiag

ON Sax ON Sax ON Sax sax ON ON (ou

10 s3ak) 3atun

UTY3lTM SINDD0

*€0-AQ 3ITun 133eM-puUnO1b 3JO usTUedTOA
31ed fe13uad ayl ur pue uorbai jo Kieuizazend

sutbiew uid3sam pue uidyinos bHuote USTUESTOA
sinodo Afutew ustuedyoa Lieuiajzend reaxsyeng

TPsSnuTIusy )

XITATIOV

JINGIIIT

TIUNTIINGO

s3juauuo) 60-Ad 80-Ad LO0-AQ 90-Ad S0-AQ ¥0-AQ £0-Ad C0-Ad 10=-Ad 0T3sST19308RIRYD

S3TUN 133eM-puUNO1d

PSNUTIU0)--8TUI0JTTE) pue CpeASN "UoTHb3T A3TTEA 43934
30T 0 TSTISTISIOCICUS u4mqaquu»a pUT 3TB0T0S6 I0 ATCWWAS--*¢ 3Tqel

143



0Z2-01 O0I-S 01-G 01-¢ Ss-T O0T-§ 05-0¢ -0 S-1 seaie abieyostp
feinjeu o3 ydo01
asoy terjuajod
Jo seaie woi3
31qe3 133eM 3yl
ieau aur3lTasei]
9AT3RTIa1 3sabuon
*atqeroaidde
aq Aew seaie sbieyosIp Teanjeu
03 siazrnbe burdrispun ybnoiys  OI-T 0T-§ S-1 §-1 S-1  §-1 5-1 1-0 1-0 seaie abieyo
surseq 3sayj wolij sauwurjzraAel] -STp Teinjeu
‘TIT3 urseq 03 }d01
3Y3 ur MOTJ 03 90U213I31 YITM 3soy terjusjod
91 £0-Ad 3ITUN 133PM-pUNOID jo seaie
uy Ssauwr3lraARI) (G-T) 3Ious Auey wo13l a1qel
*syjed MoT3 I33em ay3 1eau
uajioys Arrerjueasqns KLew sburads awr3raARI] 133EM
abier ‘A11ed0T °seaie abreyosTtp -punoib aAT3IeT9y
133em-punoib Iofew 3@ pa3edol 3souw TUSTITPUOD ®OTT
fuotbha1 ay3 ur i1nooo sburids snoaaunyN TSTCR-PURSTS
FIIVRCONTORS
sjusuwo) 60-AQ 80-Ad LO0-Ad 90-Ad S0-Ad PV0-AQ €E0-Ad 20-Ad ﬁouwo dT3staajdeiey)

§3TUN 133EM-puUNO1d

PSNUTTUSS=-CTUISITICT PUT TPEASN TUSTBST ASTICA UITSg

SUT I5 SOTISTISTISCICYS STHOTOIPAY PUT 3TBOTOSE I0 ATPUUNS--°6 aT1qed

149



*arqe3 193eM 3Yyj3 ut suorssaid

-9p pasned sey gp-Ad ITun Iajem

-punoib uy Xayrtep duniyed ur pue

10-AQ 3Tun 133eM~-punoib ur Sebap
seT 1eau TeMRIPY3ITM 133PM-pUROID

*A11e00T

aTgqeITIeAr 31p I33eM JO SIT3ITIUENh

abieT <193em Jo sarv3rTauenb

9j3eiapow 03 TrewS pratk KAew syoozx

?jeuoqied pue ‘duojspues ‘sydoia ' xTaans
snoaoe3jyny pue or3reseq ‘TITJ ulsed TSTCR-PUNCID
0 (4 0 0 0 z 183 0 0 aua503sT31d 4q

pa3jepunuTl 3001
asoy jerjuazod
3o eaie doid

=300 JO 3JuddDIdd

S3IX S3x S3x ON SJIX S3x S3x SIX ON (ou 10 s34)
2jeT au2203sSTATd
Kq paijepun
-ur eaie jo 3ji1ed
) TUSTITPUCS ATTPUNSY
| ur TIBUES
TpSmuTIUG Iy

XS0 TOSTXH
TIIVA-UNIOYS

S3jusuwo) 60-Ad 80~Ad (LO0-Ad 90-Ad 6S0-Ad bO0-Ad €0-A0 20-Ad T10-Ad oI3sTidjdoeIRYD

S3Tun 133jeM-puUnoOId

PSNUTIUO)--FTUISITIE) PUT EPETASN YUOTOSI ASTIPA UIPad .
3UT I0 TOTISTISISCICUS STHOTOIPAU PUT STHOTOSH J0 ATEWUNS--*6 STqel

150



*sat313doad uorjlepie3lal IPTIONUOIPEI

bututwia3ap 103 JusawuoITAUd xaTdwoo e

juasaid yorym sadky jyo01 10 Ajatiea

e ybnoiyy aie syjzed mor3y daaqg

0s1 001 001 0 0t 0

0sT 00T 00€ 0 0¥ 00T
00€ 0ST oov 0 00T oov
00z‘t  0S59 00T‘Z 0S 00€ 000‘T

53pTTonUOTpET

IO USTIEPITISY
00S 0 0S 1/6wu 000‘¢
ueyy aiow
0SE‘T 0S 00€ 1/Bbw 000‘€-000'T

0S0‘E 00T osL't 1/Bbw 000°1-00S
0sv‘8 00¢€ ocm;w 1/6u 00§
o ueyl ssan
3o 3uajuod
SPTITO0S-PaATOSSTIp
Buturejuod 1113
urseq jo eaily

AJTTEND T5TEH

XIXSTAIAS0TD

s3UdWWOo)

60-Ad 80-AQd LO-Ad 90-Ad SO0-Ad ¥O0-Ad

€0-AQ 20-AQ 10-AQ dT3STI330R01IRY)

S3TUun 19jem-punoid

PSTUTTUSI==CTUISITTE PUT TPPASN TUSTEST ASTICA UIT5d
5UT I0 SSTISTISISEICYS STHOTOIPAY PUC STB0T0SE J0 ATEWUNS--°¢ 27qed

151



*(L0-Ad 3ITUD 1I33PM
-punoib 3jo 3ied uia3saMYylInos) yead
IS9ATTS pue ! (S0-AQ 3ITUN I53em
-punoib jo 3aed Teiauad) KAayiea
auTrTeS :3ju3said 21e s,¥YNDY OM]
*uorbar ay3z ut sYIam seb pue 10 10
s3Tsodap Teoo 3aATiIonpoiad ou aie ai1ayg
‘wnTYarTT 3O 92Inos priom 3juezaodur
ue SUTRIUOD (L0-AQ 3ITUD Jd3EM
-punoib jo 3ied uiaisamyinos) aaie
(KatTeA uojzler)d) ysaiey yead IIATIS
*L0-Ad 3ITUn 133EM-pUnOIb
3o j1ed TR13U2D-3SSM aYy3 UT
pauTw buraq ATIuaiind ST wnuIpgATONW
*(60-AQ 3ITUN
J93eM-punoib) sqgen Ieau paurtu
A13ua1Ind 21e 237ona1q pue a3jTsaubey
*sSju2uwaTa yjiea
-321e1 JO 3051n0s priom juezazodutr ue

surejuod (T0-AQ 3ITun 13d3eM-punoab jo

31ed u1a359MYy3INOS) 3IDTIISIP SSBJ UTRIUNOW

*S3T3TPOMWOD
feJouTu JO Sjunowe TerjuelIsSqAns

paonpoad sey uotrbaa s1y3z ‘ATTeOTIOISTH

St 3 St

0 LT 9 € 0 w BSTE 33INCSST
TeTsuTt gITh

JUSPTSUTSS TSIT

aoI>INo EY507

JSOY TeTIUSIoA

I0 JUSSTISd

BI590059Y TOTINI
aNY TVEININ

S3UdWUWO)D)

60-AQ 80-Ad LO0-Ad

90-Ad S0-Ad ¥0-Ad  €0-Ad 20-Ad  T0-AQ 5T35TI930RIRYD

S3TUN 133BM-pUNOId

paNUTIUCS--CTUISITIS) PUT TPEASN “USTBSY ASTTCA UITSq
3T IO TOTISTISTIOCICYS STBOTOIDAU PUP 3TBOTOSH J0 XATPWENAS--°6 aTdel

152



Table 10.--Potentially favorable bydrogeologic factors and issues
of concern apnd study peeds relative £o isolation of high-level
radioactive waste in the Death Valley region.
Nevada and California
[m, meters; mm/yr, millimeters per year; mg/L, milligams per liter]

Potentially favorable
hydrogeologic factors

—————— —— —— ——— —————— — ——— — ——_— ——— — T o—— — - S v o —

PHYSIOGRAPHY

-Precipitation is extremely low
throughout the region; between
100 and 200 mm/yr, with very

few exceptions.

-Mean-annual free-water-
surface evaporation ranges
from 1,250 to more than
2,000 mm/yr, greatly
exceeding precipitation.

POIENTIIAL BOST ROCKS

-Numerous granitic rocks occur
through most of the region.

-Numerous thick ‘'unsaturated
basalts occur in ground-
water units DV-01, DV-03,

and DV-07.

Issues ot concern
and study needs

-The western parts ot ground-
water units DV-06 and DV-08
have precipitation over 250
mm/yr; a small part of ground-
water unit DV-03 is over

500 mm/yr.

-Carbonate rocks containing
potable water may underlie
basalt, tuff, and basin fill
in most of the regidn, par-
ticularly in ground-water

unit DV-03.
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Table 10. "WMWWMW
of concern and study needs relative fo isolation of high-level
radioactive waste in the Death Valley region.,

California--Continued

Nevada and
Potentially favorable Issues of concern
hydrogeologic factors and study needs

POTENTIAL HOST ROCKS (Continued)

-Numerous thick unsaturated

tuffs occur in ground-water
units DV-03, DV-07, and DV-09.
-Large areas of thick unsaturated
basin f£ill occur in ground-

water units DV~-01l and DV-03.

QUATERNARY ITECIONIC ACTIVITY

-Strain release less than 10 -Strain release less than 10
at Lake Mead area (ground- occurs in all ground-water
water unit DV-0l) and Nevada units except DV-02 and DV-04.
Test Siteé (ground-water unit -Vertical crustal movement is
unit DV-02) is partly man- more than 20 m per 10,000
induced. years indicated by geologic

studies in ground-water units
DV"'04' DV"OS' DV"OS, DV"’OB'
and the western part of

ground-watér unit DV-03. .
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Table 10.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
mﬂm&.tmugﬁ.emthsﬂeﬂhMm
Nevada California--Continued

Potentially favorable Issues of concern
hydrogeologic factors : and study needs

QUATERNARY TECTONIC ACTIVITY
{Continued)
-Long-term vertical crustal
movement greater than
4 m per 104 years could
indicate adverse tectonic
activity.
-Quaternary faults occur in
every unit in the region.
-Geothermal heat flow is -Heat flow is greater than 2.5
less than 2.5 heat flow units heat flow units in ground-water
in most of the region. units DV-03 and DV-05, and
potentially affects 30% of
the host rock in ground-water

unit DV-0S5.
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Table lO.--wwmme
of concern and study needs relative to isolation of high-level
radioactive waste in the Death Valley region.

Nevada and California--Continued

Potentially favorable
hydrogeologic factors

Issues of concern
and study needs

GEOMORPHIC PROCESSES (Continued)

-Quaternary volcanism is -Quaternary volcanism is within

restricted to the western
and southern margin of the
region and to the central
part of ground-water unit

DV-03 .

GEOMORPHIC PROCESSES

-Denudation at a maximum rate
equal to a long-term vertical
crustal movement, 2 to 4 m per
104 years over most of the
area would not reduce the
effectiveness of a waste-
isolation environment at a

depth as shallow as 300 m over

a period of 100,000 years.
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10 km of potential host rock
areas in ground-water units
Dv-03, DV-04, DV-06, and DV-08.
It affects 40% of the potential
host rock in ground-water unit
DV-04, and 80% of the potential
host rock in ground-water

unit DV-08.



Table 10.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Death Valley region.,

California--Continued

Nevada and
Potentially favorable Issues of concern
hydrogeologic factors and study needs

GROUND-WATER HYDROLOGY
Ground-water flow conditions

-Relative ground-water traveltime -Subsurface data on hydrologic

in deep sections from potential properties of rocks and
host rocks to natural discharge hydraulic gradients are
areas is very long. sparse.,

-Much of the area is underlain
by carbonate rocks which

complicate the flow system.

-Intermediate discharge points -Intermediate discharge points
from potential host rocks to from potential host rocks to
major discharge areas are major discharge areas occur
generally not present. in the southern part of ground-

water unit DV-03.
-Ground-water discharge in the -Underflow occurs between some
entire area, except ground- basins.
water unit DV-0l1, is to
closed basins, offering'
total containment of waste in

one basin,
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Table 10.--Potentially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
Wuﬁmmmm&xm
Nevada California--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

GROUND-WATER HYDROLOGY (Continued)
Ground-water flow conditions
(Continued)
-Containment of waste in thick
unsaturated sections in basin
fill or rock could add sig-
nificantly to traveltimes.
Changes in boundary conditions
-Increase in ground-water level
during pluvial cycle will tend
to decrease area of potential
host rocks in the unsaturated

zone and increase ground-water

velocity.
Ground-water sSupply
-Crystalline robks are generally -Basin fill, basaltic and
not explored to depths greater tuffaceous rocks, sandstone,
~than 100 m for water supply. ~ and carbonate rocks may yield

small to moderate quantities
of water. Large quantities

of water are available locally.
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Table 10.--Poteptially favorable hydrogeologic factors and issues
of concern and study needs relative to isolation of high-level
radioactive waste in the Death Valley region.,

Nevada and California--Contipued

Potentially favorable
hydrogeologic factors

—— —— — — ——— — — — . o o T o ot T ot ot S P T S S ot o S

Issues of concern
and study needs

GRQUND-WATER HYDROLOGY (Copntinued)

Ground-water supply (Continued)

GEOCHEMISIRY

Water guality

-Discharge areas of most units
have dissolved-solids con-
centration of more than
3,000 mg/L.

-Ground-water quality is poor
in the southwest part of
ground-water units DV-03 and
DV-07, containing more than

1,000 mg/L dissolved solids.

-Ground-water withdrawal near

Las Vegas in ground-water unit
DV-01 and in Pahrump Valley in
ground-water unit DV-03 has
caused a depression in the water

table.

-Ground-water quality away from
discharge areas generally
contains less than 1,000 mg/L

dissolved solids in most units.
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Table 10.--Mem11xmm§mhmggsﬂgmfﬁﬂgmmlﬁﬂsa
of concern and study needs relative fo isolation of high-level
Nﬁlﬁdﬁiﬂdﬁmm
alifornia--Continued

Potentially favorable Issues of concern
hydrogeologic factors and study needs

MINERAL AND ENERGY RESOURCES

-There is no o0il or gas production -Historically, this region has

in the region. produced substantial amounts
-Mineral production is of mineral commodities.
sparse, -Mineral production is current

in ground-water units DV-01,
DV-07, and DV-09;

KGRA's (Known Geothermal
Resource Areas) are present
in ground-water units DV-05

and DV-07.
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HYDROGEOLOGIC ENVIRONMENTS

Potential host rocks shown in the hydrogeologic sections in
plate 1 include saturated and unsaturated igneous intrusive
and some small outcrops of unsaturated basalt. Hydrogeologic
environments typical of those occurring in ground-water unit DV-
03 are shown in section DV-A (pl. 1). The environments are
characterized by geologic terrane dominated by thick Paleozoic
carbonate rocks which allow ground-water to underdrain much of
the area. The Paleozoic carbonate rocks overlie thick fine-
grained clastic rocks of Cambrian and Precambrian age and
Precambrian metamorphic rocks. The sequence is intruded by
Cretaceous igneous rocks. Tertiary volcanic rocks and clastic
basin £ill occupy the block-faulted basins formed during basin
and range crustal extension.

Radionuclides which are carried in solution from a
repository would be diluted in the carbonate-rock aquifer.
Ground-water flux is small and movement is relatively slow in the
unsaturated zone. The time of travel is largely a function of
the recharge rate, distance to the water table, and percent
saturation of the unsaturated zone.

Section DV-B (pl. 1) represents hydrogeologic environ-
ments similar to those in the western part of ground-water unit
DV-QB and other units that are not underlain by a carbonate

-aquifer.
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Environments in tuff, basin f£ill, and granitic rocks are
diagrammatically shown in section DV-B (pl. 1). These rocks are
potential hosts for radioactive waste in the unsaturated zone;
granitic rocks and tuff are also potential host rocks in the
saturated zone. Reqharge may be virtually zero in much of the
area. The very small flux of water in the unsaturated zone would
act to minimize dissolution and transport of waste to the water
table. Retardation of radionuclides would be afforded by
clays and zeolitic tuffs in the basin fill and by clay minerals
in granitic rocks.

Ground-water velocity in crystalline igneous rocks is

-4 -6
6 X 10 m/d to 3 X 10 m/d based on a ratio of hydraulic
-2
conductivity to effective porosity (K/f) of 2 X 10 m/d to
-4

1 X10 m/d and a hydraulic gradient of 0.03. Based on these

velocities, the time of travel over a distance of 10 km would be
4 6 :
4.6 X 10 years to 9 X 10 years. Ground-water veolocity in the

matrix of unfractured zeolitic or friable tuff, having a water
content of .30, would be 9 X 10_5 m/d for a recharge rate of 10
mm/yr or 9 X 10—7 m/d for a recharge rate of 0.1 mm/yr. The time
of travel through 200 m of unsaturated zone, therefore, would be
between 6 X lO3 and 6 X 105 years for recharge rates between

0.1 and 10 mm/yr.
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Ground-water velocity in the flow systems from potential host
rocks to the discharge areas will be greatest in the carbonate-
rock aquifer. Velocity in the carbonate-rock aquifer would range
from 3 X 10-4 m/d to 3 X 10—.3 m/d assuming a K/0 of 1 X 10"l m/d
to 1 X 100 and a hydraulic gradient of 0.003. Traveltime over a
distance of 60 km would accordingly be about 5.5 X 105 years to
5.5 X 104 years. Large scale heterogeneities in carbonate rocks
may locally decrease traveltime by several orders of magnitude.
Estimates of traveltime in carbonate rocks should accordingly be
conservatively small in lieu of ﬁhe data on distribution of
hydraulic properties.

Death Valley is the ultimate discharge area for ground-water
unit DV-03 and may also receive ground-water inflow from surrounding
ground-water units. The valley itself is included in the area of
study because it is the terminal discharge point for a large part
of the region. The valley is not considered a potential
repository environment, but the mountain ranges bordering the
valley contain potential host media, chiefly granitic rocks.

All ground-water units, except DV-02, contain large areas
of potential host rock. Host media are primarily granitic rocks
in ground-water units DvV-04, DV-05, DV-06, and DV-08, but also
include unsaturated basalt and tuff in ground-water units DV-01,
-bV-03, DV-07, and DV-09. In addition, ground—water.units_DV-Ol
and DV-03 contain large areas of dnsatu:ated basin fill.: Ground-
 water unit DV-02 and adjacent areas in unit DV-03 have

insufficient host rock to be considered favorable for further

study.
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Crystalline rocksAafford potential for radionuclide
retardation by sorption on clay minerals in weathered zones,
fault zones, and argillic altered minerals. The basin
fill containing clays and zeolitic tuffs is also a retardant to
radionuclide migration.

Earthquakes and Quaternary faults are locally significant
and would need to be assessed for individual sites in the region.
Long-term vertical crustal movement in most of the units in the
region is as great as 4 m per 10,000 years.

Processes of erosion and aggradation will be more active
in this region than in others because of the greater long-
term vertical crustal movement. Target repository depths in
upthrown blocks should allow for potential erosion rates as
great as 4 m per 10,000 years; on downthrown blocks they should
take into account aggradation of the site and possible decrease
in depth to water.

Quaternary volcanism is present but sparse.

Geothermal springs, primarily in ground-waer unit DV-03,
represent convective heat flow by ground water. Heat flow has
been measured to be greater than 2.5 HFU in ground-water units
DV-03 and DV-05.

The potential for ground water for use is present in basin
fill w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>