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Chapter 3
HYDROLOGY

This chapter summarizes present knowledge of the regional and site
_hydrologic systems. The purpose of the information presented is to (1) de-
scribe the hydrology based on available literature and preliminary site- ,
exploration activities that have been or are being performed and (2) provide -
information to be used to develop the hydrologlc aspects of the planned site
characterlzatlon program

INTRODUCTION

l An understanding of the hydrologic regime is required for many of the
issues in the Yucca Mountain Project Issues Hierarchy (Section 8.2). In

l . particular, the nine Performance Issues (1.1 through 1.9) of Key Issue 1

) (related to the postclosure environment); the Characterization Programs

8.3.1.2 (geohydrology), 8.3.1.3. (geochemistry), and 8.3.1.9 (water
resources); the Performance Issue (4.1) of Key Issue 4 (preclosure); and the

l Characterization Program 8.3.1.16 (hydrology) all pertain directly to
hydrology. In addition, other programs are indirectly related to hydrology
(e.g., Programs 8.3.1.5, 8.3.1.6, and 8.3.1.8 question the effects that

l climatic change, erosional processes, and tectonic processes exert on the
hydrologic characteristics at the site). Furthermore, issues related to
design (both in the preclosure and postclosure time frames) require a knowl-

l edge of the emplacement environment, a major component of which is moisture.
Therefore, an understanding of the hydrologic system in and around Yucca
Mountain is paramount to satisfying many of the issues in the issues

' hierarchy. "

One of the primary advantages of the proposed Yucca Mountain repository
site is that it is intended to be located in the unsaturated zone, approxi- -
mately 300 m above the saturated zone. This chapter discusses in detail the
present understanding of hydrologic conditions within the unsaturated zone,
as well as conditions in the saturated zone and in the surface hydrologic
systems; the last two act as boundaries to the unsaturated zone.

For convenience in describing the hydrologic regime, two types of study
areas are defined in this chapter: (1) a hydrographic study area (Fig-
ure -1} _+hat Aelineateg fhe‘ tp_n_-i_ma'l girface watesm arsniom that ansramnaccac

i
c :
'F‘ "u—‘r = =
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surface hydrology), 3.2 (floods), 3.3 (locations and distances to points of
surface-water use), and 3.4 (chemical composition of adjacent watercourses).
As these sections discuss, the occurrence of surface-water bodies is ‘
extremely limited in the vicinity of Yucca Mountain; their primary importance
is in their relationship to the ground-water system, as discussed in Sec-
tion 3.5 (points of ground-water dlscharge)

The hydrogeologic study area (Figure 3-2) consists of three ground-water
subbasins that together form a part of the Death Valley ground-water basin
(Waddell et al., 1984). These subbasins are the Oasis Valley subbasin,
Alkali Flat-Furnace Creek Ranch subbasin, and the Ash Meadows subbasin. The
division into and the approximate boundaries of these ground-water subbasins
have been estimated from potentiometric levels, geoclogic controls of subsur-
face flow, discharge areas, and inferred flow paths (Rush, 1970; Blankennagel
and Weir, 1973; Winograd and Thordarson, 1975; Dudley and Larson, 1976;

> Waddell, 1982; Waddell et al., 1984). 1In some areas, the boundaries are
uncertain due to the lack of potentiometric data, the complexity of geologic
structures, or the occurrence of interbasin flow of ground water through. the
lower carbonate agquifer {(Winograd and Thordarson, 1975) Regional flow paths
in the hydrogeologic study area vary in direction from southerly to south-
westerly (Winograd and Thordarson, 1975; Waddell, 1982). Detailed discus-
sions of the regional hydrogeology and regional flow systems are included in
Sections 3.6 and 3.7. Detailed discussions of the site (Yucca Mountain)
hydrogeology are included in Section 3.9. The discussions include aquifer-
hydraulics information, water-balance calculatlons, and water-chemlstry data
for both the saturated and the. unsaturated zones.

Most of the information on the reglonal hydrology is available in pub-
lished reports from general ground-water studies made during the 1960s and
1970s by the Nevada Department of Conservation and Natural Resources or by

. the Department in cooperation with the U.S. Geological Survey - (USGS). The
studies were used principally for general water-resource appraisals of parts

of Nevada. A few studies of surface hydrology were also made, but because
A T T RER N N N NNy TSR LR “'}'“_

P S PN RUONE: [, DR

very few data have been collected. * ' _ , l

In 1957 the U.S. Atomic Energy Commission (later the Energy Research and
Development Administration and presently the U.S. Department of Energy) began -
underground testing of nuclear devices at the Nevada Test Site (NTS) and, 1 l

. therefore needed an evaluation of the occurrence and movement of ground water
-within and adjacent to the NTS. There was a need to determine both the .
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are independently or jointly characterized. Theée‘programs'for'site*charac-

‘terization are described in Section 8.3.1.2. Specific levels and types of
existing un¢ertainties or data needsyare discussed throughout Chapter 3.

In very general terms, the regional hydrology and hydrogeology are-
fairly well understood and their levels of uncertainty are relatively low.
W e site -under
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data;collected'to this point and the limited amount of relevant
information available in the open literature.

9. The conceptual model of ground-water flow through the unsaturated
- zone at ‘the site has not been developed to a high confidence level
as yet because of the limitations of the supporting data.

These and other areas of uncertainty,will be significantly reduced
through further data collection and through the application of multiple
approaches that may produce corroborative results. These programs will be -
carried out during site characterization and are descrlbed in Sec-
tion 8.3.1.2. :

3.1 DESCRIPTION OF SURFACE HYDROLOGY - . Sy

‘Characterization of surface hydrology is required to provide baseline
data necessary to resolve several issues. Knowledge gained through the sur-

face hydrology studies will be used to (1) evaluate the potential for erosion

in the site area and any hazards that this may cause, (2) evaluate the
potential for floods and the potential hazards to the surface facilities due
to floods (Section 3.2), and (3) help evaluate the amount of infiltration and
establish the relationship between surface runoff and ground-water recharge
”that occurs in the study area.

The hydrographic,study area (Figure 3-1) is the same as the Death Valley
Basin Hydrographic Region of California and Nevada, as defined by Rush (1968)
and the USGS (1978). This study area consists of eight hydrographic areas.
The boundary lines of the eight hydrographlc areas within the hydrographic
study area are drawn principally along topographic divides.. These hydro-
graphic areas serve as the basic morphologic unit of the surface-water
hydrologic system. A listing of these areas is shown in Table 3-1.

The general configuration of surface drainage of the hydrographic areas
is shown in Figure 3-1. The Yucca Mountain site proposed for waste disposal
~lies on the boundary between the Crater Flat and Fortymile Canyon Jackass

Flats hydrographic areas (Figure 3-1),.

‘The eastern slopes of Yucca Mountain drain to Fortymile Wash and the
northern slopes drain to Beatty Wash; these washes are major tributaries to
the Amargosa River.:  The southern and western slopes of Yucca Mountain drain
.to the Amargosa River through a smaller unnamed dralnage system

There are no perennlal streams in or near the Yucca Mountain area.
However, the many ephemeral stream channels, 1nclud1ng the large drainage
systems of Fortymile Wash and the Amargosa River, flow following significant
regional or local storms. Although the region that includes Yucca Mountain
has a generally arid to semiarid climate that® includes high annual average -

potential evaporation (about 1,500 to 1,700 mm/yr; Kohler et al., 1959), low

average annual precipitation (about 150 mm; Quiring, 1983), and infrequent
storms (Section 5.1.1.6), surface runoff does occur. Runoff results from
regional storms that occur most commonly in winter and, occasionally in
autumn and spring and from localized thunderstorms that occur mostly during

3-8
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Table 3-1. Hydrographic areas in the hydrographic study area

\ ' . ’ - Approximate area

Area number on Hydrographlc
Figure 3-1 . area ‘ Statea:® " (mi2) (km2)
1 Death Vvalley and Nevada . 344 891
Lower Amargosa area California 5,019 13,000
2 - BAmargosa Desert and Nevada 896 - 2,321
: Upper Amargosa area California 1,122 2,806
3 Crater Flat Nevada 182 - 471
4 Fortymile'Canyon,- Nevada 279 - 723
Jackass Flat : .
5 Fortymile Canyon, Nevada , 240 , 622
Buckboard Mesa : -
6 Mercury Valley " ‘Nevada 110 285
7 Oasis Valley Nevada - 460 1,191

8 Rock Valley Nevada - 82 1212

aData for Nevada modified from ﬁﬁéh“(1§68).
_bpata for California from U.S. Geological Survev (1978).

Nl Y, U TR TN e

‘the summer. Rugged relief, abundant bedrock exposed at the land surface, and

sparse vegetal cover promote runoff, particularly during intense rainstorms.
The annual precipitation pattern usually follows a bimodal distribution, with
greatest average amounts occurring during the winter storms and less. during
the summer (Quiring, 1983). Although runoff can result from severe winter
storms, the scanty data available for the region suggests that peak dis-
charges commonly result from summer storms (Table 3-2). These few streamflow
data available for the general study area were collected to document
flooding. Locations of the gaging sites are shown in Figure 3-3, and data
collected at these sites summarized in Table 3-2. (These sites and data are
also discussed later 'in Section 3.2.) No data are presently available that
relate runoff to recharge (see studies planned for Fortymile Wash area, Sec-
tion 8.3.1.2.1.3), and the data are 1nsuff1c1ent to ‘develop meaningful flood

.recurrence - 1ntervals

Quantitative data on ralnfall, runoff, and evaporation for the area are
not yet adequate to determine rainfall-runoff-recharge relations for individ-

ual storms, seasons, or years. Therefore, only general knowledge of runoff

parameters is available. Numerical simulations of rainfall-runoff relations

3-9



Table 3-2.

and adjacent areas® (page 1 of 2)

Summary of peak streamflow data for selected crest- stage sites in hydrographlc study area

. _Discharge
_ Period - Peak " . Date per unit
Site Station Drainage area of discharge of peak area :
numberP number Station name (mi4) (km?) record (m3/s) discharge ((m3/s)/km2)
1 10247860  Penoyer Valley 1.48 3.83  1964-80 - 3.68 8/06/68 0.96
' tributary near
Tempiute, Nevada
2 10248490  Indian Springs 29.0 75.1  1964-80  14.1 8/14/72 0.19
Valley tributary ' ‘ : '
near Indian
W Springs, Nevada ‘
=
© 3 10251270  Amargosa River 110.0 284.9 1963-80 97.1 8/04/68 0.34
tributary near x / : '
- Mercury, .Nevada
4 10251271 .Amargosa River 2.21 5.72 1967-80 9.9 8/04/70 1.73
‘ tributary No. 1
near. Johnnie,
Nevada
5 10251272 Amargosa River 2,49 ~6.45  1968-80 3.54 8701/68 0.55
tributary No. 2 : . :
near Johnnie,.
Nevada
6 10251220 Amargosa River 470.0 1,217.0 1964-79 453.0 2/24/69. 0.37

near Beatty,
Nevada
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. Table 3-2.° Summary of peak streamflow data for selected crest stage sites in hydrographic study area 2
and adjacent areas® (page 2 of 2) : %
5]
=
|
Discharge P
: - _ Period Peak Date per unit @
Site Station ' . __Drainage area of discharge of peak area
. numberP number Station name (mi%)  (km?) record . (m3/s) discharge ((m3/s)/km?)
7 10249050 Sarcobatus Flat 37.1 . 96.1 1961-80 ° 1.78 9/09/80-  "0.02
: ' ‘tributary near ' :
_ Springdale, Nevada
8 10249850 Palmetto Wash 4.73 12.25 1967-80 5.46 ©7/07/65 . 0.45
’ ’ tributary near -
_ Lida, Nevada
w _ i '
- 9 10248970 Stonewall Flat 0.53 1.37  1964-79 4.25 6/16/69 3.10
= tributary near . : ‘ -
Goldfield, Nevada =
10 10249680 Big Smoky 11.4. 29.5-  1961-79 4.81 10/02/76 - 0.16 )
' ~ Valley tribu- : ' : . :
tary near
Blair Junction,
Nevada
11 . 10249135 San Antonio Wash 3.42 8.86 1965-80 18.7 8/13/172 2.10
tributary near
Tonopah, Nevada
12 10249180 Salsbury Wash 56.0 145.0 1962-80  9.62 3/27/69 0.07

Tonopah, Nevada

" aSource: Squires and Young (1984), and Waddell et al. (1984).
bLocation of sites is shown in Figure 3-3.
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3.2 FLOODS

Because of limited streamflow data in the hydrographic study area, the -
flood history of individual drainages tributary to Death Valley is not well
known. Analysis of the general character of flooding is based on scattered
data from peak-flow stations located around the Yucca Mountain area and from
quantltatlve measurements of flood-flow peaks in_a five-state region that
comprises Arlzona, California, Nevada, New Mex1co, and Utah.

Flood analyses at Yucca Mountain are needed to provide flood data for
design and performance considerations. Flood data will also be used to help
evaluate infiltration rates and long term erosion rates. Two hydraulic
engineering studies of flood-prone areas at and near Yucca Mountain:
(Christensen and Spahr, 1980; Squires and Young, 1984) provided a basis for
estimating the magnitudes of future floods with various recurrence intervals.
The results of these investigations are presented in Section 3.2.1.  Analyt-
ical methods other than those presented in ANSI/ANS 2.8-1981 (American
Nuclear Standards Institute/American Nuclear Society) for estimating the

. potential for flooding of the site were used in these introductory studies;
the reasons for applylng alternate methods and a description of the
procedures used are given in Sectlon 3.2.1.
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The measures that will be used to protect the site from floods are de-
scribed in Section 3.2.2. :

3.2.1 FLOOD HISTORY AND POTENTIAL FOR FUTURE FLOODING

Moderate to large floods in low-lying areas along the major drainages
(drainage areas of several hundred square kilometers), such as the Amargosa
River and Fortymile Wash, usually are the result of regional storm systems
‘that most commonly occur during the winter and occasionally occur during
autumn and spring. These extensive storm systems sometimes include areally
restricted cells that dlscharge intense precipitation.

,Flash'floods of 51m11ar intensity and areal extent commonly occur as the
result of summer thunderstorms. These summer floods usually do not cumulate
to cause regional floods, but their intensive character renders them poten-
tially destructive over limited areas. The summer storms are commonly the
products of monsoonal air masses that invade-southern Nevada and California.
from the general vicinity of the Gulf of California. The areally restricted
storm cells are triggered by local convective llftlng of the moist air or by
cooler frontal systems that move through the region and intersect with the
warmer monsoonal air mass. A detailed discussion on climatic conditions
1nclud1ng precipitation, temperature, wind, and severe weather phenomena is
given in Section 5.1.

il N ..
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In summary, although flooding can occur over an extensive area, intense
floods are generally restricted to relatlvely small areas and occur as flash
floods of short duratlon

Flash floods constitute a hazard throughout the Great Basin (Chapter 1)
and specifically in southern Nevada. These floods and associated debris
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flows are among the most important geomorphic processes currently active in
the region and local area. They:play:a major role in the development of
alluvial -fans, denudation of mountainous landscapes, and the evolution of
drainage-channel morphology. - Flash-flood discharges range in character ‘from
water-dominated 