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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 p<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>