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CONVERSION FACTORS

Multiply By To obtain

acre-foot (acre-ft) 1,233 cubic meter

foot (ft) 0.3048 meter

gallon per minute (gal/min) 0.0631 liter per second

inch (in.) 2.540 centimeter

mile (mi) 1.609 kilometer

million gallons (Mgal) 3,785 cubic meter

pound per square inch (lb/in ) 51.72 millimeter of mercury

For temperature, degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the

formula °F=[1.8(°C)]+32.

SEA LEVEL: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of

1929, formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order

leveling networks of the United States and Canada.

ABBREVIATED WATER-QUALITY UNITS USED IN THIS REPORT

col./lOO mL (colonies per 100 milliliters)

ug/L (micrograms per liter)

uS/cm (microsiemens per centimeter at 25 degrees Celsius)

mg/L (milligrams per liter)

pCi/L (picocuries per liter)
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Selected Ground-Water Data for Yucca Mountain Region,

Southern Nevada and Eastern California,

Through December 1992

By Richard J. La Camera and Craig L. Westenburg

ABSTRACT

The U.S. Geological Survey, in support

of the U.S. Department of Energy, Yucca

Mountain Site-Characterization Project, col-

lects, compiles, and summarizes hydrologic

data in the Yucca Mountain region. The data

are collected to allow assessments of ground-

water resources during studies to determine

the potential suitability of Yucca Mountain

for storing high-level nuclear waste.

Data on ground-water levels at 36 sites,

ground-water discharge at 6 sites, ground-

water quality at 19 sites, and ground-water

withdrawals within Crater Flat, Jackass Flats,

Mercury Valley, and the Amargosa Desert are

presented. Data on ground-water levels,

discharges, and withdrawals collected by

other agencies (or as part of other programs)

are included to further indicate variations

through time at selected monitoring locations.

Data are included in this report from 1910

through 1992.

A statistical summary of ground-water

levels at seven wells and median annual

ground-water withdrawals in Jackass Flats is

presented. The statistical summary includes

the number of measurements, the maximum,
minimum, and median water-level altitudes,

and the average deviation of water-level

altitudes for selected baseline periods and for

calendar year 1992. Median annual ground-

water withdrawals in Jackass Flats are includ-

ed also.

Data on ground-water quality are com-

pared to established, proposed, or tentative

primary and secondary drinking-water stan-

dards. Characteristics and constituents which

exceeded established, proposed, or tentative

drinking-water standards are listed for 18

sites. Detected organic compounds for which

established, proposed, or tentative drinking-

water standards exist also are listed.

INTRODUCTION

Investigations are planned to determine the

potential suitability of Yucca Mountain for storing

high-level nuclear waste. The U.S. Department of

Energy (USDOE) has declared that all facilities

and activities associated with such investigations

will be operated in a manner that maintains or

protects environmental quality, and has

established programs to allow assessments of

environmental quality. In April 1989, the U.S.

Geological Survey (USGS) began a cooperative

program with USDOE to develop a monitoring

program for water resources in the vicinity of

Yucca Mountain. The purposes of the water-

resources monitoring program are to (1) document

the historical and current condition of ground-

water resources, (2) detect and document changes

in those resources during the investigations of

Yucca Mountain, and (3) provide a basis for

analyzing and identifying potential adverse effects

on water resources resulting from investigations

of Yucca Mountain.

Abstract 1



Purpose and Scope DESCRIPTION OF STUDY AREA

This report presents and summarizes, in

tabular and graphical form, data collected as part

of the water-resources monitoring program.

Included are data on ground-water levels at 36

sites, ground-water discharge at 6 sites, ground-

water quality at 19 sites, and ground-water with-

drawals within Crater Flat, Jackass Flats, Mercury

Valley, and the Amargosa Desert. Data on

ground-water levels, discharges, and withdrawals

collected by other agencies (or collected as part

of other programs) are included to further indicate

variations through time at selected monitoring

locations. Data are included in this report from

1910 through 1992.
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The study area is the Yucca Mountain region

of southern Nevada and eastern California (pi. 1).

The Yucca Mountam region, as referred to in this

report, is bounded approximately by latitudes

36°15' and 37W N. and longitudes 116W and

1 17°00' W. The region is within the Great Basin,

a subdivision of the Basin and Range Physio-

graphic Province (Fenneman, 1931, p. 328).

The study area is in the Death Valley

ground-water flow system (Harrill and others,

1988, sheet 1) and, within that flow system, the

Alkali Flat-Furnace Creek Ranch and Ash Mead-

ows ground-water subbasins. Each ground-water

subbasin is a zone consisting of ground-water

recharge areas and flow paths to points of dis-

charge at land surface (Waddell and others, 1984,

p. 36 and pi. 3; Randell J. Laczniak, U.S. Geolog-

ical Survey, written commun., 1993). Boundaries

of the subbasins are defined on the basis of the

location of low-permeability rocks, hydraulic

gradients, and water chemistry. Those boundaries

are general indicators of restrictions on ground-

water movement in the region.

Within the Alkali Flat-Furnace Creek Ranch

and Ash Meadows subbasins, the study area is

further subdivided by hydrographic areas (pi. 1).

As defined by Rush (1968, p. 4), hydrographic

areas are geographic zones that generally consist

of valleys (topographic lows) extending to their

surrounding surface-water drainage divides (topo-

graphic highs). Hydrographic areas in the study

area include Crater Flat, Jackass Flats, most of

Rock Valley and Mercury Valley, and parts of

Amargosa Desert and Death Valley (Rush, 1968;

Harrill and others, 1988, sheet 2).

Alkali Flat-Furnace Creek Ranch Ground-
Water Subbasin

In the Alkali Flat-Furnace Creek Ranch

ground-water subbasin, ground-water recharge

results principally from subsurface interbasin

inflow and precipitation on mesas or mountains

north of the study area. Subsurface interbasin

2 Selected Ground-Water Data for Yucca Mountain Region Through December 1992



inflow also may occur near the Ash Meadows

area in the Amargosa Desert (Waddell and others,

1984, p. 29-36; Harrill and others, 1988, sheet 2).

Ground water discharges principally in Death

Valley and at Alkali Flat about 5 mi southeast of

Death Valley Junction (Waddell and others, 1984,

p. 38).

In the part of the subbasin within the north-

ern half of the study area, ground-water flow is

generally to the south or southeast. In the part of

the subbasin within the southern half of the study

area, ground-water flow is to the southeast to-

wards Alkali Flat or southwest towards Death

Valley (Waddell and others, 1984, pi. 3; Kilroy,

1991, p. 9-10).

Crater Flat and Jackass Flats (which include

Yucca Mountain), most of Rock Valley, and the

west-central part of the Amargosa Desert hydro-

graphic areas are within the Alkali Flat-Furnace

Creek Ranch subbasin (pi. 1).

Ash Meadows Ground-Water Subbasin

In the Ash Meadows ground-water subbasin,

ground-water recharge principally results from

subsurface interbasin inflow and precipitation on

mountains to the east and northeast of the study

area (Waddell and others, 1984, p. 38; Harrill and

others, 1988, sheet 2). Ground water discharges

principally as springflow in the Ash Meadows

area, and possibly as underflow to the Alkali Flat-

Furnace Creek Ranch ground-water subbasin

(Waddell and others, 1984, p. 36, 39).

In the part of the subbasin within the study

area, the direction of ground-water flow is affect-

ed by the distribution of low-permeability rocks.

Ground water in the region generally moves to

the west or southwest (Waddell and others, 1984,

p. 29, 38, and pi. 3; Harrill and others, 1988,

sheet 2).

Most of Mercury Valley and the eastern part

of the Amargosa Desert hydrographic areas are

within the Ash Meadows subbasin (pi. 1). The

southeastern part of the Amargosa Desert includes

the Ash Meadows spring-discharge area. The

Ash Meadows spring-discharge area, which

generally refers to the gently sloping land watered

by numerous springs (Dudley and Larson, 1976,

p. 5) and is identified as Ash Meadows, is at the

southwestern edge of the subbasin.

DATA-COLLECTION SITES

Locations of data-collection sites are shown

on plate 1. The sites are listed in table 1 with

supplemental site information. All sites are wells

or springs except site AM-4 (Devils Hole), which

is an open fissure that intersects the ground-water

table. Table 1 includes information on site

identification, site location, well construction,

source of well-construction data, contributing

lithologic units, and the types of data contained in

this report for each site.

Site Number

Sites are identified on plate 1 by an alphanu-

meric number that is used in tables, figures, and

text of this report. The site number consists of

two parts. The first part represents the hydro-

graphic area in which the site is located: "CF"

represents Crater Flat; "JF" or "J," Jackass Flats;

"RV," Rock Valley; "MV," Mercury Valley;

"AD" or "AM," Amargosa Desert; and "DV,"

Death Valley. "AM" further indicates that the

site is located in the Ash Meadows spring-

discharge area. The second part of the number

represents the relative location of the site within

the hydrographic area (or Ash Meadows spring-

discharge area). Sites are numbered sequentially

within each hydrographic area in a general

north-to-south then west-to-east order. Sites

added subsequent to the initial site numbering are

assigned the number of a nearby site and given

the suffix of "a." Exceptions are sites J-ll, J-12,

and J- 13, which were previously numbered by

Raytheon Services Nevada and were not renum-

bered for this report.

Data-Collection Sites 3
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U.S. Geological Survey Site Identification Depth of Well

Sites are identified by the standard Geologi-

cal Survey identification number, which is based

on latitude and longitude. The site identification

serves as a unique identification number in files

and data bases of the USGS and indicates the

approximate geographic location of each site.

The identification consists of 15 digits: The first

6 denote the degrees, minutes, and seconds of

latitude; the next 7 denote degrees, minutes, and

seconds of longitude; and the last 2 digits (as-

signed sequentially) identify the sites within a

1 -second grid. For example, site

363530116021401 is at 36°35'30" latitude and

116°02'14" longitude, and it is the first site

recorded in that 1 -second grid. If a more precise

latitude and longitude are determined, the unique

identification number remains unchanged. Lati-

tude and longitude shown for a site, therefore, are

the most accurate locators.

Local Number

Depth of a well (table 1) is the accessible or

measurable depth to the bottom of the hole and

does not apply to springs or fissures. The drilled

depth may be greater than the depth of the well

due to modifications of the well or accumulation

of sediment at the bottom of the hole. The depth

of each well was measured by USGS (depths

noted with "s") or was reported by other data

sources. The USGS measured depths less than

1,000 ft by "sounding" the bottom of the well

with weighted steel or electric tapes.

Top and Bottom of Open Interval

Open intervals (table 1) are parts of the

borehole that are open to the surrounding litho-

logic intervals and may allow water to enter the

well. An uncased section of a well is considered

an open interval in this report. Top and bottom

of the open interval do not apply to springs or

fissures.

The local-number system (table 1) is based

on an index of hydrographic areas (Rush, 1968;

Harrill and others, 1988) and the rectangular

subdivision of the public lands referenced to the

Mount Diablo base line and meridian for sites in

Nevada or San Bernadino base line and meridian

for sites in California. Each site designation

consists of four units separated by spaces: The

first unit is the hydrographic area number. The

second unit is the township, preceded by an N or

S to indicate location north or south of the base

line. The third unit is the range, preceded by an

E to indicate location east of the meridian. The

fourth unit consists of the section number and

letters designating the quarter section, quarter-

quarter section and so on (A, B, C, and D, indi-

cate the northeast, northwest, southwest, and

southeast quarters, respectively), followed by a

number indicating the sequence in which the well

was recorded. For example, site 230 SI 8 E51

34CB 1 is in Amargosa Desert (hydrographic area

230) and is the first site recorded in the northwest

quarter of the southwest quarter of section 34,

Township 18 South, Range 51 East, Mount
Diablo base line and meridian.

Type of Opening

Type of opening (table 1) is a physical

description of the open intervals of a borehole

and does not apply to springs or fissures. The

types of openings are perforated or slotted casing,

screened casing, and open hole with no casing.

Data Source

Data sources (table 1) are organizations or

publications that provided information on depth

of the well, open interval, and type of opening.

Drillers' logs or records are filed with the Nevada

Division of Water Resources (NDWR) or main-

tained by the well owner. Reports are USGS
publications written for USDOE as part of coop-

erative studies associated with weapons-testing

hydrology programs (Thordarson and others,

1967; Johnston, 1968) or Yucca Mountain site-

characterization studies (Robison and others,
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1988; Luckey and others, 1993). Raytheon

Services Nevada is a contractor for USDOE and

maintains a summary of well-construction infor-

mation.

Contributing Lithologic Units

Contributing units (table 1) are the lithologic

intervals at the site that yield water to the well or

spring. Robison and others (1988) describe the

saturated intervals at sites CF-2, JF-1, JF-2, and

J- 13 as volcanic rock and at site JF-2a as carbon-

ate rock. McKinley and others (1991) describe

the contributing units for sites J- 11 and J- 12 as

volcanic rock; sites MV-1, AD-6, and AM-4 as

carbonate rock; site AM-8 as carbonate rock and

valley fill; site DV-2 as undifferentiated sedimen-

tary rock; and sites AD-4, AD-5, and AD-8 as

valley fill. Dudley and Larson (1976) describe

the contributing units for sites AM-2 and AM-7
as carbonate rock and site AM-5 as valley fill.

Waddell and others (1984, p. 34) describe the

contributing unit for site DV-1 as valley fill.

Winograd and Thordarson (1975, p. C95-C97)

state that the source of water in the saturated

valley fill at site DV-1 could, in part, be the

underlying carbonate rock. Winograd and

Thordarson (1975, p. C75-C81) also suggest that

underlying carbonate rock could provide water to

the saturated valley fill at sites AM- la, AM-5a,

and AM-8. Contributing-unit data are not avail-

able from listed data sources for some wells; the

contributing units indicated for those wells are

based on geologic data derived from drillers' logs

and depth-to-water data.

Data Type

Data type (table 1) identifies the types of

data (water level, discharge, and water quality)

presented for each site. Ground-water-level data

are in tables 2-4 and ground-water-discharge data

are in table 5. Data on estimated annual with-

drawals for selected areas are in table 6 and

ground-water-quality data are in tables 7-12.

DATA-COLLECTION PROCEDURES
AND EQUIPMENT

Data-collection procedures and equipment

used by U.S. Geological Survey Environmental-

Monitoring Program (USGS-EMP) to collect data

are described in detail. Data-collection proce-

dures and equipment used by other sources are

described briefly. Water-level and discharge data

were compiled from USGS data bases, USGS or

cooperative publications, records of other USGS
programs or federal government agencies, or

measurements by USGS-EMP. Water-quality

data are from USGS-EMP. Water-use data are

compiled from available sources as described in

the section "Ground-Water Withdrawals."

Periodic Water-Level Data

Periodic water-level measurements (table 2)

are generally made during site visits, using one of

the methods described in the section "Water-Level

Measurements." An exception is data collected

by the National Park Service at site AM-4 (Devils

Hole), which represent a monthly average water

level and are based on continually collected data.

Supplemental information, including land-surface

altitude, height of measurement point, depth to

water, method of measurement, site status, and

source of data, is listed also in table 2.

Land-Surface Altitude and Height of

Measurement Point

Land-surface altitude and height of the

measurement point (MP) above (or depth below)

land surface are included with periodically col-

lected data in table 2. Land-surface altitude is a

representative altitude of land at or near the site.

An exception is site AM-4, where the land-sur-

face altitude represents the altitude of the mea-

surement point (a bolt fastened to the south wall

of the fissure) that is not referenced to land

surface. Land surveys were made by USGS
personnel at the monitoring sites, except at site

MV-1, to determine the altitudes of land surface

or the MP.
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Heights of MP's for sites in Amargosa

Desert (except AM-4), Death Valley, and Rock

Valley were determined by measuring the dis-

tance of the MP above (or depth below) a repre-

sentative point on the land surface at or near the

well. The altitude of the MP was determined

during the USGS land survey, and land-surface

altitude was computed by adding or subtracting

the MP height from the surveyed MP altitude.

At sites JF-1, JF-2, JF-2a, and J- 13, recent

USGS land surveys verified previously reported

land-surface and MP altitudes. At sites CF-2,

J-ll, and J-12, USGS land surveys verified the

previously reported land-surface altitudes and

determined the MP altitude. At sites CF-1 and

CF-la, USGS land surveys determined the land

surface and MP altitudes. The height of the MP
is the difference of the MP altitude and land-

surface altitude. Land-surface altitudes are report-

ed to the nearest tenth of a foot. At site MV-1,

however, where no USGS land survey was made,

altitude is reported only to the nearest foot.

Depth to Water and Altitude of Water Surface

Depth to water is the depth to water below

land surface. It is computed as the measured

depth to water below the MP minus the height of

the MP (above land surface) at the well. An
exception is site AM-4, where depth to water is

measured below the MP, and the MP is not

referenced to land surface. Where depth to water

is negative (site AM-2), the water surface is

above land surface.

The altitude of water surface is the depth to

water subtracted from the altitude of land surface

and is reported to the nearest 0.1 ft.

Water-Level Measurements

Periodic water-level measurements were

made using the procedures and equipment that are

described in the following sections.

Uncalibrated Electric Tape

The uncalibrated electric tape is a 1,000- ft

tape equipped with a probe that activates a light

or buzzer upon contact with the water. The probe

is lowered to the water surface and depth readings

below the MP are determined from markings on

the tape. Water levels measured using an

uncalibrated electric tape are reported to the

nearest 0.1 foot.

Calibrated Airline

A submerged airline is pressurized and

pressure is read on an attached dial, in pounds per

square inch. The pressure reading is directly

related to the height of water column above the

submerged end of the airline. Depth to water is

computed by subtracting the height of the water

column from the known depth of the submerged

airline end. Concurrent measurements of depth to

water with an electric tape and height of the

water column above the submerged airline end

are used to determine the depth of the submerged

airline end.

Calibrated Electric Tape, Single Conductor Cable,

or Multiconductor Cable

USGS-EMP used two calibrated electric

tapes during 1991-92. Each tape was marked

with a unique identifier (YMP-1 and YMP-2) for

quality-assurance purposes and calibrated against

either the U.S. Geological Survey Site-Character-

ization Program (USGS-SCP) 2,800-ft reference

steel tape or a 2,600-ft calibrated steel tape

(Robison and others, 1988, p. 6-11; Gemmell,

1990, p. 8-12; O'Brien, 1991, p. 8-13). Calibra-

tion data for YMP-1 and YMP-2 from December

1991 to December 1992 are summarized in the

following table. For USGS-SCP tapes, the cor-

rection was that used by USGS-SCP at the time

of measurement and is equal to the difference

between the corrected and uncorrected readings.
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Electric tape calibration data

Depth below neasuring point

Uncorrected Corrected Correction

Date Location Tape used (feet) (feet) (feet)

12/17/91 J-13 USGS-SCP reference tape (RT) 928.99 928.91 -0.08

12/17/91 J-13 YMP-1 929.40 928.91 -.49

12/17/91 J-13 YMP-2 929.19 928.91 -.28

12/17/91 J-12 USGS-SCP RT 745.01 744.94 -.07

12/17/91 J-12 YMP-1 745.42 744.94 -.48

12/17/91 J-12 YMP-2 745.18 744.94 -.24

05/13/92 J-13 USGS-SCP RT 929.21 929.13 -.08

05/13/92 J-13 YMP-1 929.64 929.13 -.51

05/13/92 J-13 YMP-2 929.53 929.13 -.40

11/19/92 J-12 USGS-SCP steel tape (ST) 745.12 745.09 -.03

11/19/92 J-12 YMP-1 745.61 745.09 -.52

11/19/92 J-12 YMP-2 745.39 745.09 -.30

1 1/20/92 CF-2 USGS-SCP ST 605.29 605.25 -.04

1 1/20/92 CF-2 YMP-1 605.76 605.25 -.51

1 1/20/92 CF-2 YMP-2 605.56 605.25 -.31

12/11/92 AD- 13 USGS-EMP ST 384.18 384.18 .00

12/11/92 AD-13 YMP-1 384.43 384.18 -.25

12/11/92 AD- 13 YMP-2 384.31 384.18 -.13

12/11/92 AD-2a USGS-EMP ST 342.50 342.50 .00

12/11/92 AD-2a YMP-1 342.75 342.50 -.25

12/11/92 AD-2a YMP-2 342.65 342.50 -.15

12/11/92 AD-5 USGS-EMP ST 119.03 119.03 .00

12/11/92 AD-5 YMP-1 119.12 119.03 -.09

12/11/92 AD-5 YMP-2 119.07 119.03 -.04

12/17/92 AD- 11 USGS-EMP ST 227.80 227.80 .00

12/17/92 AD- 11 YMP-1 227.91 227.80 -.11

12/17/92 AD- 11 YMP-2 227.83 227.80 -.03

These corrections are applied to account for

mechanical stretch and thermal expansion. The

correction for YMP-1 and YMP-2 is the differ-

ence between the corrected USGS-SCP measure-

ment or USGS-EMP steel-tape measurement and

the USGS-EMP uncorrected measurement.

A summary of correction factors applied to

USGS-EMP electric tapes, based on calibration

data, is listed in the table below. These correc-

tion factors were computed from the corrections

determined during tape calibrations and are

primarily dependent on the depth to water, which

affects mechanical stretch. The appropriate

correction factor for electric-tape water-level

measurements was determined by the date and

depth to water listed in the following table.

USGS-EMP electric tapes were not used to

measure water-levels in the 400-500-ft range;

therefore no correction factor is required.

The physical condition of YMP-1 did not

change during the period it was used and the

corrections for depths greater than 500 ft aver-

aged -0.50 ft. Corrections for depths less than

500 ft were computed from calibrations made in

December 1992.
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Applied correction factors for electric tapes YMP-1 and YMP-2

Measurement period

Depth to water

(feet below measurement point)

Less than More than

Tape Start End 300 feet 300-400 feet 500 feet

YMP-1 12/17/91 12/31/92 -0.10 -0.25 -0.50

YMP-2 12/17/91 5/13/92 .00 -.10 -.26

5/13/92 11/18/92 -.14 -.24 -.40

11/19/92 12/31/92 -.04 -.14 -.30

The physical condition of YMP-2 changed

twice; the probe was replaced in May and again

in November 1992. Due to the physical changes,

correction factors for YMP-2 depend on both date

and depth to water. Correction factors for all

depths less than 500 ft were computed from

calibrations made in December 1992.

Calibrated electric tapes were used at all

sites where depths to water exceeded 500 ft,

where cascading water caused imprecise steel-tape

readings, and when frequent repetitive measure-

ments were required due to fluctuating water

levels. Electric-tape measurements are made by

lowering the tape to the water surface until a light

or buzzer is activated when the probe contacts the

water. The tape is raised and lowered slowly

until the exact point of contact is located. While

holding the tape on the MP, the depth to water

below the MP is read from markings on the tape.

At least one additional reading of depth to water

is recorded for every measurement made with a

calibrated electric tape to verify the initial read-

ing. An example of the calculation of depth to

water below land surface, at a site with cascading

water, using USGS-YMP calibrated electric tape

YMP-1 is shown below:

Location: AD-4a
Date (and time): October 21, 1992 (1030)

Tape ID: YMP-1
Correction: -0.10 ft (for depths less than 300 ft)

Depth below MP
Correction factor

Corrected depth below MP
Height of MP above land surface

Depth to water below land surface

117.32 ft

-.10 ft

117.22 ft

-1.00 ft

116.22 ft

Some historical water-level measurements, as

part of other USGS programs, were made using a

calibrated single-conductor or multiconductor

cable. A single-conductor cable was generally

used to make water-level measurements at sites

Ml, J- 12, and RV-1, prior to 1990. Single-con-

ductor measurements were made according to

procedures described in Garber and Koopman

(1968). A multiconductor cable was used by

USGS-SCP for some water-level measurements at

sites CF-2, JF-1, JF-2, and JF-2a. The procedure

for making measurements with multiconductor

cable is described in Robison and others (1988),

Gemmel (1990), and O'Brien (1991).

Steel Tape

USGS-SCP made water-level measurements

using calibrated steel tapes at sites CF-2, JF-1,

JF-2, JF-2a, J- 13, J-ll, and J- 12. Descriptions of

the steel tapes, applicable corrections, and proce-

dures used by USGS-SCP for making steel-tape

measurements are given by Robison and others

(1988, p. 6-11), Gemmell (1990, p. 8-12), and

O'Brien (1991, p. 8-13). USGS-SCP steel-tape

measurements were compiled from the above

sources or from information provided by USGS-
SCP (Michelle Boucher, U.S. Geological Survey,

written communs., 1992-93). Corrected depth-

below MP measurements were provided by

USGS-SCP and converted to depth below land

surface by USGS-EMP by subtracting the height

of the MP above land surface.

Water-level measurements at other sites were

made by the USGS or U.S. Fish and Wildlife

Service (USFWS) using 300- or 500-ft reeled
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steel tapes. General procedures for using 300-

and 500-ft reeled tapes are to (1) chalk the bot-

tom section of the tape, (2) lower the tape into

the well until part of the chalked section is below

the water surface, (3) hold the tape on the MP
and record the "hold" reading, (4) raise the end of

the tape to the surface, observing the "cut" (the

top of the wet part of the chalked tape), (5)

record the reading of the cut, (6) calculate the

depth to water below the MP by subtracting the

"cut" reading from the "hold" reading, and (7)

calculate the depth to water below land surface by

subtracting the height of the MP from the depth

to water below MP.
USGS-EMP maintains one 500-ft tape as a

reference tape and uses three field tapes (two

500-ft and one 300-ft) for routine measurements.

All steel tapes are uniquely marked for identifica-

tion purposes. The field tapes were checked

against the reference tape at five sites during

December 1992 at depths to water ranging from

about 119 to 385 ft. All the steel-tape measure-

ments were within 0.01 ft of the reference tape;

as a result, no correction factor was used for

water-level measurements made with USGS-EMP
steel tapes. At least one additional reading of the

depth to water is recorded for every measurement

to verify the initial reading.

Monthly Average Water Level

USGS-SCP calibrates the pressure transducer,

develops an equation to convert transducer volt-

age to depth to water below the MP, and records

voltage of the transducer during each site visit.

Owing to the small diameter of the access tubes,

the transducer must be removed to provide access

for measuring the water level with a steel tape.

When a steel-tape measurement cannot be made,

the -depth to water can be computed using the

USGS-SCP transducer voltage data and conver-

sion equation. Periodic water-level measurements

at sites JF-2 and JF-2a, indicated with method

"B" in table 2, are computed using this procedure.

Installation, calibration, and operation of pressure

transducers by USGS-SCP are described by

Luckey and others (1993, p. 14-21).

Site AM-4 (Devils Hole) has a small metal

bolt fastened to the south wall of the fissure and

a staff plate fastened near the west edge of the

pool. The bolt is the measurement point and

depth-to-water measurements are the depth to

water below the MP. The staff plate enables

direct readings of water level and the 0.00-ft mark

on the staff plate is level with the MP. A staff

reading should be equivalent to a measurement

made from the MP to the water surface with a

ruled tape.

Methods of water-level measurement were

not specified for some data from unpublished and

published sources. Measurements in table 2 made

using methods that are unknown are indicated by

"R" or "Z."

A water-level recorder, operated by the

National Park Service, at site AM-4 (Devils Hole)

records the depth to water below an installed

measurement point. The daily mean water levels

for each month with a complete record are used

to compute a monthly average water level. The

monthly average water levels are listed in table 2

as periodic water-level data for the 15th of the

month.

Other

Sites JF-2 (UE-25 WT 13) and JF-2a (UE-

25p 1 PTH) were equipped with pressure trans-

ducers and cables as part of site-characterization

studies, in February and March 1985, respectively

(Luckey and others, 1993, p. 69-83, 116-127).

Continual Water-Level Data

Two sites, JF-3 and AD-6, are instrumented

to continually record ground-water level, atmo-

spheric pressure, and battery voltage at 15-minute

intervals. Instrumentation includes a pressure

sensor installed below the water surface, a barom-

eter, and a data logger. Recorded data are pro-

cessed to produce data on continual depth to

water, atmospheric pressure, battery voltage, and

daily mean depth to water. Sites JF-2 and JF-2a

also are instrumented to continually record water-

level data; that data are collected, processed,

reviewed, and published by USGS-SCP.
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The pressure sensors at sites JF-3 and AD-6
transmit data to the data logger in pounds per

square inch, which varies with the height of the

water above the sensor. The range of output is

to 5.000 lb/in , which corresponds to a theoretical

range of to 1 1.53 ft of water above the pressure

sensor. The general steps for installing, calibrat-

ing, and processing pressure-sensor data are as

follows:

1. Depth to water below MP is measured

with a steel or calibrated electric tape

and recorded. If a calibrated electric-

tape measurement is made, a correction

factor is applied. Depth to water below

MP is used for pressure-sensor calibra-

tion because a fixed point of reference is

required.

2. The pressure-sensor cable is connected to

a data logger and the sensor is lowered

down the well until a substantial change

in readings indicates the water surface

has been reached. These readings are

recorded in the data logger.

3. The sensor is lowered to the set point

and allowed to equilibrate. The set-point

depth of the sensor is determined by

adding the depth-to-water measurement

to the depth at which the sensor is in-

stalled below the water surface. For

example, if the water-level measurement

is 710 ft below the MP and the sensor is

installed 5 ft below the water surface, the

set-point depth is 715 ft.

4. Water-level fluctuations are simulated by

raising and lowering the pressure sensor.

The sensor is raised to the water surface

and the sensor cable is marked or tagged

at the MP. The time, height of the sen-

sor above the set point, and data logger

reading are recorded. For example, if

the set point is 715 ft below the MP and

the sensor is raised 5 ft to the water

surface, 5 ft would be recorded with the

time and reading of the data logger. The

sensor is then lowered at 1/2-, 1-, or 2-ft

intervals. The sensor cable can be

marked or tagged at the measured

intervals. After the sensor output has

stabilized at each interval, the time, data-

logger reading (in pounds per square

inch), and height of sensor above the set

point are recorded. This procedure is

repeated until a range of readings and

depths that spans the anticipated range of

water-level fluctuation is recorded

5. Another water-level measurement is

made with a steel or calibrated-electric

tape to check for fluctuation of the

water level during installation of the

sensor.

6. Data collected while raising and lower-

ing the sensor are used to develop a

regression equation to convert pressure

readings to water level below MP. Each

height of the sensor above the set point

(step 4) is added to the set point (step 3)

to compute a simulated depth to water

below the MP. If the sensor was low-

ered below the set point during the cali-

bration, the depth of the sensor below

the set point is subtracted from the set-

point height to compute a simulated

depth to water. For example, the set-

point depth corresponds to a depth to

water 710 ft below the MP (depth of

submergence is 5 ft). The reading made

when the sensor is raised 1 ft (depth of

submergence is 4 ft) corresponds to a

simulated depth to water below the MP
of 711 ft (set point of 710+1=711 ft).

Raising the sensor 1 ft simulates a low-

ering of the water-table level of 1 ft and

a corresponding increase in the depth to

water of 1 ft. Raising the sensor 2 ft

(depth of submergence is 3 ft) simulates

a lowering of the water-table level 2 ft

and an increase in the depth to water of

2 ft (to 712 ft in this example).

7. The pressure readings from the data

logger (step 4) and simulated depths

below the MP (step 6) are regressed

using pounds per square inch as the

independent variable and depth below

the MP as the dependent variable.

Typically, pressure readings are recorded

at five simulated depths to water. The

regression equation converts those read-

ings to depth to water below the MP.
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Water-level measurements are made with a

steel or calibrated-electric tape when a continual

monitoring site is visited. The pressure-sensor

reading is recorded at the time of the measure-

ment. The reading is converted to depth to water,

using the established regression equation, and

recorded as predicted water level. The steel tape

or calibrated electric tape water-level measure-

ments are used as reference measurements and are

compared to the predicted value. Any difference

between the reference measurement and predicted

value is applied to the continual record by linear-

ly prorating the difference with time between

consecutive visits to account for drift in pressure-

sensor output.

Data are periodically retrieved from the data

logger using a portable computer, transferred to

the USGS National Water-Information System

(NWIS), and processed using data-base programs

to store pressure-sensor, barometer, and battery

data. The pressure-sensor data are converted to

depth below land surface and stored. Daily mean

data are computed from the continual data and

stored in the data base. Daily mean depth-to-

water data are used to compute daily mean water-

level altitudes, which also are stored in the data

base.

Pressure-Sensor System at Site JF-3

Instrumentation to continually collect water-

level data was installed at JF-3 on May 28, 1992,

and data were collected every 15 minutes through

December 1992. The pressure-sensor set point is

718.3 ft below the MP. An initial regression

equation was developed during installation of the

sensor: depth to water below MP=(-2.330 x

pressure reading)+7 18.234. An MP correction of

2.27 ft for JF-3 was incorporated to produce the

equation: depth to water below land surface =

(-2.330 x pressure reading)+7 15.964. This equa-

tion is used to convert pressure readings stored in

the data base to depth below land surface. Differ-

ences between reference measurements made with

calibrated electric tapes and predicted water levels

based on conversion of pressure readings ranged

from -0.01 ft to +0.01 ft from May 28 to July 24,

1992. The difference increased to 0.11 ft on

August 25, 1992. Equipment was calibrated on

November 19, 1992, and a new regression equa-

tion was developed: depth below land surface=

(-2.332 x pressure reading)+716.123. This equa-

tion, when used, reduced the difference between

reference and predicted water levels from 0.11 ft

to -0.04 ft. The first equation was used until

August 25, 1992, and the difference of 0.11 ft

was prorated with time from July 24 to August 25

and applied to computed water levels.

Depth-to-water measurements made with

calibrated electric tapes from May to December

1992 ranged from 709.95 ft (June 29) to 710.26

ft (October 22) below land surface. Continually

recorded water-level measurements ranged from

709.59 ft (December 2) to 710.58 ft (Novem-

ber 26) below land surface.

Pressure-Sensor System at Site AD-6

Instrumentation to continually collect water-

level data was installed at AD-6 on July 29, 1992,

and data were collected every 15 minutes through

December 1992. The pressure-sensor set point is

47.2 ft below the MP. An initial regression

equation was developed during installation of the

sensor: depth to water below MP=(-2.316 x

pressure reading)+47.182. An MP correction of

0.40 ft for AD-6 was incorporated to produce the

equation: depth to water below land surface=

(-2.316 x pressure reading)+46.782. This equa-

tion is used to convert pressure readings stored in

the data base to depth below land surface. Differ-

ences between reference measurements made with

reeled steel tapes and predicted water levels based

on conversion of pressure readings ranged from

-0.03 ft to 0.00 ft from July 29 to December 31,

1992.

Depth-to-water measurements made with

reeled steel tapes from July to December 1992

ranged from 41.35 ft (December 15) to 41.71 ft

(August 25) below land surface. Continually

recorded water-level measurements ranged from

41.24 ft (December 2) to 41.83 ft (July 30) below

land surface.
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Ground-Water Discharge Data

Measurements of ground-water discharge

were collected and compiled for five springs and

one flowing well. Four of the sites, AM- la,

AM-2, AM-5a, and AM- 8, are in the Ash Mead-

ows spring-discharge area of the Amargosa

Desert. The other two sites, DV-1 and DV-2, are

in Death Valley.

Discharge measurements were made by

NPS, USFWS, and USGS. Instantaneous or

monthly mean discharge data were determined by

the use of current meters, flumes, and volumetric

techniques. The most commonly used method for

measuring discharge was the vertical-axis current

meter. This method is used to determine the

average velocity of a partial section within a

channel cross section. The average velocity of

the partial section times the area of the partial

section equals discharge of the section. The

summation of the discharges for all the partial

sections is the total discharge in the channel.

This method is described in more detail by

Buchanan and Somers (1969).

Some instantaneous discharge values were

determined by measuring the depth of water

inside a flume. This depth, or stage, is compared

to an applicable stage-discharge relation for the

flume to determine discharge. Where a continu-

ous-recording instrument has been installed on a

flume, monthly mean discharges can be computed

from data collected and processed for an extended

period. This method was used for site DV-1,

where monthly mean discharge was computed

only for months with complete data and reported

for the 15th of the month. Determining discharg-

es by the use of flumes is further described by

Kilpatrick and Schneider (1983).

The volumetric method was used for mea-

suring ground-water discharge from sites AM-2
and DV-2. A container with markings indicating

known volumes was used to collect all discharge

from the site while a stopwatch was used to

determine the length of time the discharge was

collected. The container was positioned to collect

the discharge and the stopwatch was started

simultaneously. The container was removed,

before it was overfilled, and the stopwatch was
stopped simultaneously. The volume collected

and elapsed time were recorded. The discharge

rate is the volume collected divided by the time.

This procedure was repeated three times and an

average rate was computed for each site visit.

The accuracy of the methods is directly

related to the operational conditions of the equip-

ment used and to the environmental conditions in

which the equipment operated. Discharge values

are reported to two significant figures. Discharge

determined by all methods ranged from 0.73

gal/min at site AM-2 to 3,800 gal/min at site

AM-5a.

Ground-Water Withdrawals

Ground-water withdrawals were estimated

from compiled data. Withdrawal data were

supplied by public agencies including U.S.

Department of Energy, U.S. Geological Survey,

and the Nevada Division of Water Resources; and

private organizations including Reynolds

Electrical and Engineering Company, Saga

Exploration Company, and U.S. Nevada Gold

Search. Estimated annual ground-water with-

drawals are based solely on available data.

Estimates for some years, therefore, reflect a lack

of information for an entire area or for pumping

wells within in area and underestimate total

withdrawals.

Withdrawals from Alkali Flat-Furnace Creek
Ranch Ground-Water Subbasin

Withdrawals from the part of the Amargosa

Desert within the subbasin were recompiled from

ground-water pumpage inventories taken by

NDWR. The pumpage inventories were for the

entire Amargosa Desert hydrographic area during

1966-68, 1973, and 1985-92. Included are with-

drawals for irrigation, mining, industrial, commer-

cial, quasi-municipal, and domestic use. All

reported withdrawals for mining are from the

Alkali Flat-Furnace Creek Ranch ground-water

subbasin. On the basis of discussions with

NDWR, all industrial, commercial, and quasi-

municipal withdrawals are assumed to be from

the Alkali Flat-Furnace Creek Ranch ground-

water subbasin. All reported domestic use for the

Amargosa Desert (except for 1992) is included

because data were not available to exclude the

amount used in the Ash Meadows ground-water

subbasin.
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Withdrawals from Crater Flat were compiled

from flowmeter data for wells CF-1, CF-la, CF-2,

and CF-2a. U.S. Nevada Gold Search supplied

flowmeter readings for CF-1 from September 28,

1989, through September 5, 1991, and for CF-la

from July 26, 1989 through December 3, 1990.

USDOE supplied data for CF-2 from November

1991 through April 1992. Saga Exploration

Company supplied readings for CF-2a for 1992.

Withdrawals from Jackass Flats were com-

piled from data for sites J- 12 and J- 13, reported

by David B. Wood (U.S. Geological Survey,

written commun., 1993). Data for J- 12 were

reported by Claassen (1973, p. 25) for 1961-62

and recompiled from flowmeter readings begin-

ning July 1980 supplied by Reynolds Electrical

and Engineering Company (REECo). Data for

J- 13 were recompiled from flowmeter readings

beginning November 1982 supplied by REECo.

Ground water is known to have been pumped in

Jackass Flats during years for which no data are

available.

Withdrawals from Rock Valley are consid-

ered negligible on the basis of knowledge of

historical activities in that area and discussions

with NDWR.

Withdrawals from Ash Meadows Ground-Water
Subbasin

Withdrawals from the part of the Amargosa

Desert (excluding the Ash Meadows area) within

the subbasin include withdrawals recompiled from

ground-water pumpage inventories taken by

NDWR for 1992 only. The pumpage inventories

were for the entire Amargosa Desert hydrographic

area. Data were not available to separate irriga-

tion and domestic withdrawals within the

subbasin from the reported total for the entire

Amargosa Desert during earlier years.

Withdrawals from the Ash Meadows area of

Amargosa Desert within this subbasin include

withdrawals from 10 wells located in T. 17 S., R.

50 E., sec. 10 and 23; T. 18 S., R. 50 E, sec. 3;

and T. 18 S., R. 51 E., sec. 7 and 8. Withdrawal

data for 1969-71 are reported by Dudley and

Larson (1976, p. 22). Withdrawals for 1972-82

were estimated by converting electrical-power

consumption to pumpage on the basis of

published data from Larson (1974a, p. 13-14;

1974b, p. 4-5; 1975, p. 9, 12), Hanes (1976, p.

13-14), Carson (1979, p. 19, 21; 1980, p. 14) and

Westenburg (1993, p. 12), and on the basis of

unpublished data in USGS files. Conversion

factors to relate power consumption and pumpage

were calculated for four wells that had corre-

sponding power-consumption and discharge data

for February through May in both 1972 and 1973.

Conversion factors (4.10, 3.40, 2.58, and 2.29) for

those four wells were calculated as measured

discharge divided by concurrent power consump-

tion. Withdrawals for the wells were approximat-

ed as: Pumpage in acre-feet=4.10, 3.40, 2.58, or

2.29 times power consumption in thousands of

kilowatt hours. A conversion factor, 3.09 (an

average of 4.10, 3.40, 2.58, and 2.29), was used

to estimate withdrawals from wells with power-

consumption data only. Withdrawals from wells

with power-consumption data only were approxi-

mated as: Pumpage in acre-feet=3.09 times

power consumption in thousands of kilowatt

hours.

Withdrawals from Mercury Valley were

compiled from data for MV-1 reported by David

B. Wood (U.S. Geological Survey, written

commun., 1993). Data were reported by Claassen

(1973, p. 17) for 1962-71 and recompiled from

REECo flowmeter readings beginning January

1983. Ground water is known to have been

pumped in Mercury Valley during the years for

which no data are available.

Ground-Water Quality Data

Ground-water samples were collected from

springs and wells for water-quality analyses.

Sample collection, processing, and analysis are

described briefly in the following sections.

Samples were collected after chemical stability

was indicated by measurements of water tempera-

ture, specific conductance, and pH over time.

Procedures and materials were used to reduce the

potential of environmental contamination of

samples. Specific chemical-stability criteria,

sample-collection methods, bottle types, sample

volume and filtration requirements, and sample-
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preservation techniques are listed in unpublished

USGS Technical Procedure HP-225, Rev. 1

(Richard J. La Camera, U.S. Geological Survey,

written commun., 1992). Refer also to the sec-

tion "Quality Assurance."

Sample Collection and Processing

Water-quality samples were collected by

USGS-EMP using three general methods. Water

was collected as close to its source as possible.

Samples were collected by submerging a bladder

pump near the spring orifice at sites AM- la,

AM-5a, and AM-8, or about 10 ft below the

water surface at site AM-4. Grab samples were

collected at sites AM-2, DV-1, and DV-2, where

a bladder pump could not be used. All other

samples were collected directly from the pump

discharge at wells equipped with submersible

pumps.

Sample bottles were filled with unfiltered

water directly from pump discharges or by grab-

sampling. Filtered samples were obtained by

compositing unfiltered water in a thoroughly

rinsed container, and passing the water through a

0.45-micrometer pore-size filter. Sterile bottles

used for bacteriological analyses were filled

directly from pump discharges or by grab-

sampling.

Samples were shipped to the USGS National

Water-Quality Laboratory, Arvada, Colo., for

analyses. Samples were shipped generally within

3 days of collection, except for radon samples,

which were shipped within 24 hours of collection.

Field and Laboratory Analyses

USGS-EMP measured water temperature,

specific conductance, pH, dissolved oxygen,

alkalinity, bicarbonate, and carbonate onsite.

Equipment for measuring these parameters was

calibrated in the field, recalibrated onsite prior to

sampling, and checked for proper operation after

measurements. Samples for determination of total

coliform bacteria were collected, incubated, and

enumerated in the field by USGS-EMP. Other

physical, inorganic, radiochemical, and organic

properties were determined at the USGS National

Water-Quality Laboratory. Detailed procedures

for field water-quality measurements and

equipment calibrations, and documentation of

laboratory analytical methods, are discussed in

unpublished USGS Technical Procedure HP-225,

Rev. 1 (Richard J. La Camera, U.S. Geological

Survey, written commun., 1992). Refer also to

the section "Quality Assurance."

Quality Assurance

Stringent quality assurance is required for all

work pertaining to Yucca Mountain studies to

establish adequate confidence in the reliability of

data collection, processing, and reporting. In the

context of this data-collection program, quality

assurance is defined as all planned or systematic

actions designed to provide data and records of a

desired quality. A variety of quality-control

procedures, which are the operational techniques

and activities used to meet the required quality

objectives, have been implemented.

The numerous management and administra-

tive procedures that control processing, record

keeping, and reporting of data by USGS-EMP are

not detailed in this report. Generally, data such

as location, date and time of measurements, and

field measurements are recorded onsite. Those

data are reviewed for completeness and accuracy,

stored in project files and data bases, and are

subsequently included in publications by the

USGS. Following publication, data are stored in

a comprehensive record-keeping facility main-

tained by contractors for USDOE.
In addition to standard USGS practices and

the procedures previously described, formal

unpublished technical procedures associated with

the Yucca Mountain Site Characterization Project

have been developed for the collection of water-

level, discharge, and water-quality data. Those

technical procedures include equipment tests and

calibrations, in addition to measurement tech-

niques, to ensure that necessary and expected

precision and accuracy are attained. The principal

technical procedures that control the collection of

data by project personnel are:
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• HP-23, Revision 2: Collection and field

analysis of ground-water samples from saturat-

ed zone (William C. Steinkampf, U.S.

Geological Survey, written commun., 1991).

• HP-54, Revision 1 : Water-flow measurements

using 90 degree v-notch weirs, flumes, and

barrels (Craig L. Westenburg, U.S. Geological

Survey, written commun., 1992).

• HP-60, Revision 2: Method for monitoring

water-level changes using pressure transducers

and pressure transmitters (Grady M. O'Brien,

U.S. Geological Survey, written commun.,

1992).

• HP-61, Revision 0: Use of hand-held steel

tapes (in vertical boreholes) (John B.

Czarnecki, U.S. Geological Survey, written

commun., 1989).

• HP-99, Revision 1: Instruction for operation

of a well sounder for measuring water levels

(John B. Czarnecki, U.S. Geological Survey,

written commun., 1990).

• HP- 166, Revision 1: Stream discharge mea-

surements using a pygmy current meter (David

A. Beck, U.S. Geological Survey, written

commun., 1992).

• HP-225, Revision 1 : Methods used to collect

and analyze ground- and surface-water sam-

ples (Richard J. La Camera, U.S. Geological

Survey, written commun., 1992).

Copies of these technical procedures are available

from:

Hydrologic Investigations Program

Yucca Mountain Project Branch

U.S. Geological Survey

Box 25046, MS 421

Federal Center

Denver, CO 80225-0046

PRESENTATION OF GROUND-WATER
DATA

Tables 2-12 list ground-water data that have

been collected and compiled in the Yucca

Mountain region as part of this study; they are

included at the back of report. Data through

1992 generally consist of all measurements from

the earliest available to the most recent available.

Figures 1-11 are hydrographs and other graphical

representations of selected data from the tables.

Pumping or injecting water into a well or

nearby well may cause transient water levels that

differ from long-term or sustained ground-water

levels. Observations about such activities (noted

by field personnel during site visits) and corre-

sponding water levels, which may represent

transient conditions, are included in the data

tables. Those data, however, are excluded from

the figures showing variations in water level over

time.

Table 2 lists periodic measurements of depth

to water (in feet below land surface) and water-

level altitude at 36 sites through 1992. Periodi-

cally collected data generally are from manual

onsite measurements of depth to water. However,

data at site AM-4 (Devils Hole), reported as data

source "NPS," are monthly average water levels,

and are based on daily water levels recorded by

instrumentation at the site. Data representing

monthly average water levels are generally within

0.2 ft of the periodic measurement made by

USGS for a given month.

Data collected by other agencies or programs

are subject to revision upon further review by that

agency or program. Some data included in table

2 may differ from previously published data due

to rounding differences or more recent informa-

tion.

Figures 1-3 show water-level altitudes

through 1992 (based on periodically collected

data listed in table 2) at 12 selected sites that are

spatially distributed throughout much of the study

area. Data for wells with primary contributing

units of carbonate rock, volcanic rock, and valley

fill are presented. Figure 4 shows water-level

altitudes (based on discrete measurements listed

in table 2) at site AM-4 from 1962 through 1992.

Presentation of Ground-Water Data 17



Tables 3 and 4 list daily mean water levels

during 1992 (in feet below land surface) for sites

JF-3 and AD-6, respectively. The daily mean

water levels are based on continually collected

data at the sites. Continually collected data are

measurements of water levels recorded by instru-

mentation at 15-minute intervals.

Figures 5 and 6 show daily mean depth to

water (in feet below land surface) and water-level

altitude based on continually collected data listed

in tables 3 and 4 for sites JF-3 and AD-6, respec-

tively.

Table 5 lists periodic measurements of

ground-water discharge at six sites through 1992.

The data for site DV-1 (Texas Spring) reported

with a NPS data source represent monthly aver-

age discharge. The listed averages are generally

greater than the periodic measurements made by

USGS for the same months. Differences between

monthly average and measured discharges ranged

from 20 to 60 gal/min and averaged about

40 gal/min. On the basis of daily stage recorded

in the flume, variations in springflow during a

given month would probably not substantially

contribute to these reported differences. Accord-

ing to the U.S. Bureau of Reclamation (1984,

p. 43-48, 125), inaccuracies in discharge

measurements can result from unavoidably poor

current-meter measurement conditions at a site,

slightly turbulent and uneven flow within a flume,

and small departures in flume dimensions from

the standard dimensions used to relate stage to

discharge.
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Figure 7 shows ground-water discharge

through 1992 at sites AM- la, AM-5a, and AM-8,

based on periodically collected data listed in

table 5. Figures 8 and 9 show ground-water

discharge through 1992 at sites AM-2 and DV-2,

and DV-1, respectively, based on data listed in

table 5.

Table 6 contains a compilation of estimated

annual ground-water withdrawals from wells in

the Yucca Mountain region through 1992. Esti-

mated annual ground-water withdrawals are based

solely on available data. Estimates for some

years, therefore, reflect a lack of information for

an entire area or for pumping wells within an area

and underestimate total withdrawals. Ground-

water withdrawals, in millions of gallons and in

acre-feet, from water-supply wells are grouped by

ground-water subbasin and totaled by hydrograph-

ic area (or part of a hydrographic area) for indi-

vidual calendar years.

Figures 10 and 11 show estimates of annual

ground-water withdrawals, based on data listed in

table 12 for selected areas within the Alkali Flat-

Furnace Creek Ranch and Ash Meadows ground-

water subbasins, respectively, through 1992.

Tables 7-12 list data on ground-water quality

collected at 19 sites during 1990-92. Table 7

lists water-quality properties, and concentrations

of total coliform bacteria and major and trace

inorganic constituents. Table 8 lists concentra-

tions of nitrogen and phosphorus species and total

organic carbon. Table 9 lists radiochemical and

stable-isotope data. Tables 10 and 11 list con-

centrations of volatile and semi-volatile organic

industrial compounds, respectively. Table 12

lists concentrations of organochlorine and organo-

phosphorus pesticides.
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DISCUSSION OF GROUND-WATER
DATA

The following sections discuss data on (1)

ground-water levels and ground-water withdraw-

als in Jackass Flats and (2) ground-water quality

in the study area. In Jackass Flats, ground water

is withdrawn to support various USDOE activities

(including site characterization); if those with-

drawals affect ground-water levels, the effects

may be detected in Jackass Flats before they are

detected elsewhere in the region. The data on

ground-water quality are discussed to characterize

baseline conditions throughout the region.

Ground-Water Levels and Ground-Water
Withdrawals in Jackass Flats

Figures 12 through 14 show water-level

altitudes in six wells and estimated annual

ground-water withdrawals in Jackass Flats.

Water-level altitudes are based on periodic water-

level measurements listed in table 2. Ground-

water withdrawals from 1983 through 1992 are

based on data listed in table 12, and consist of

combined pumpage from water-supply wells J- 13

and J- 12.

Data on ground-water withdrawals prior to

1983, which generally represent only the with-

drawals from well J- 12, rather than total with-

drawals from Jackass Flats, are excluded from the

figures. For greater consistency and comparabili-

ty of data on water-level altitudes, water levels in

wells J- 13 and JF-3 that may have been affected

by pumping or recent pumping of the well are

excluded from figure 14. Similarly, one water-

level measurement in well JF-2a (on November 7,

1983) that may represent a transient condition at

the site is not included in figure 13.

Table 13 lists selected statistics for water-

level altitudes in Jackass Flats. Data from wells

JF-1, JF-2, JF-2a, J- 13, J- 11, and J- 12, are sum-

marized for a selected baseline period prior to

1992 and for 1992. A summary of water-level

altitudes in well JF-3 for 1992 is listed also. The
table shows the number of measurements, the

minimum, maximum, and median water-level

altitudes, and the average deviation of measured

water-level altitudes from the median for each

period. Median water-level values represent an

average ground-water condition at a particular

site.

Average deviation indicates the extent to

which the individual measurements in a specific

time period are dispersed about the median value.

It is calculated by summing the absolute differ-

ences between individual measurements and the

median, then dividing that sum by the number of

individual measurements. The average deviation

represents the precision with which the median

indicates an average value for withdrawals or

water-level measurements during the period.

To minimize effects of variability in mea-

surement frequency on medians calculated for the

period prior to 1992, the selection of a baseline

period prior to 1992 for each site was generally

based on (1) the maximum number of consecutive

years (including 1991) for which water-level

measurements are available and (2) consecutive

years containing approximately similar frequen-

cies of water-level measurement. For consisten-

cy, the baseline period selected at instrumented

wells JF-2 and JF-2a was the period following

installation of continual recorders.

Median annual ground-water withdrawal in

Jackass Flats was about 52 Mgal/yr for the period

1983 through 1991. The average deviation for

that period is 5.5 Mgal. Median withdrawals

were about 68 Mgal/yr for the period 1983 and

1984, and decreased to about 51 Mgal/yr for 1985

through 1991. Total 1992 withdrawals in Jackass

Flats were about 39 Mgal, representing a decrease

of about 13 Mgal as compared with the median

withdrawal for 1983 through 1991.

In water-supply wells J- 13 and J- 12, median

water-level altitudes were, respectively, 2,390.0

and 2,388.3 ft above sea level during the baseline

period prior to 1992. Median water-level altitude

in well J- 13 was 2,389.9 ft above sea level during

1992. The decrease of 0.1 ft between median

water levels during the two periods at well J- 13

is less than the precision of the median for the

baseline period prior to 1992 and equal to that for

1992 (as indicated by the average deviations for

the two periods). The median water-level altitude

in well J- 12 during 1992 was identical to that for

the baseline period prior to 1992.
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Median water-level altitudes in wells JF-1

and JF-2, which are north of the water-supply

wells and penetrate volcanic rock, were 2,392.5

and 2,392.1 ft above sea level, respectively,

during the baseline period prior to 1992. Median

water-level altitude in well JF-1 was 2,392.4 ft

above sea level during 1992. The decrease of 0.1

ft between median water levels during the two

periods at well JF-1 is less than the precision for

the baseline period prior to 1992 and equal to that

for 1992 (as indicated by the average deviation

for the two periods).

Owing to the limited number of measure-

ments available in well JF-2 for 1992, a median

water-level altitude for 1992 was not determined.

Periodic measurements in the well, however, were

within 0. 1 ft of the median water level at that site

during the baseline period prior to 1992. Differ-

ences between measured water levels in 1992 and

the median water level during the baseline period

are less than the historical variability of individual

measurements with respect to the median (as

represented by the average deviation during the

baseline period).

Median water-level altitude in well JF-2a,

which is northwest of the supply wells and pene-

trates carbonate rock, was 2,468.7 ft above sea

level during the baseline period prior to 1992.

Median water level in the well during 1992 was

2,468.4 ft above sea level, indicating a decrease

of 0.3 ft between the iwo periods. That apparent

decrease equals the probable precision of the

median for the baseline period (as represented by

the average deviation during that period), and is

less than the probable precision of the median

during 1992 (as represented by an average devia-

tion of 0.5 ft during 1992).

The water-level altitudes in well JF-2a

decreased about 1-1/2 ft immediately following

earthquakes in the region during the summer of

1992, and gradually recovered to near pre-

earthquake levels through the summer and fall

(O'Brien, 1993, p. 10). Owing to the limited

number of available water-level measurements for

1992 (upon which the median is based), the

calculated median for 1992 may be inordinately

affected by measurements made in months when
water levels were lower after the earthquakes.

When available, more frequently collected data

and continued data collection as part of site-

characterization activities may provide additional

insight on possible, long-term water-level changes

in well JF-2a.

Median water-level altitude in well J-ll,

which is to the east of water-supply wells J- 13

and J- 12 and penetrates volcanic rock, was

2,402.2 ft above sea level during the baseline

period prior to 1992. Median water-level altitude

in well J-ll during 1992 was identical to the

baseline period prior to 1992.

Ground-Water Quality in Yucca Mountain
Region

Table 14 lists several measures of water

samples that exceeded U.S. Environmental

Protection Agency (USEPA) public drinking-

water standards. These measures include physical

characteristics and properties, microorganisms,

inorganic and manmade organic constituents, and

radioisotopes. Also listed are detected concentra-

tions of manmade organic compounds for which

drinking-water standards have been established

(regardless of whether the concentration exceeded

a drinking-water standard).

The three categories of drinking-water

standards-established, proposed, and tentative-

are shown to allow comparisons with measured

characteristics in ground-water samples.

Standards are defined by USEPA to ensure that

safe drinking water is supplied to the public

(U.S. Environmental Protection Agency, 1993).

The State of Nevada has adopted and enforces the

standards developed by the USEPA.
The standards are maximum contaminant

levels for constituents and properties of drinking

water supplied to the public. Standards are of

two types: primary and secondary. Primary

standards are health-based, maximum contaminant

levels that are enforceable for all public water-

supply systems (public water supplies are defined

as systems that serve piped water to at least 25

people or 15 service connections for at least 60

days per year). Secondary standards are aestheti-

cally based, maximum contaminant levels that are

non-enforceable guidelines. Secondary standards,

if exceeded, may not cause health problems but

may result in water that is unpleasant to drink

(U.S. Environmental Protection Agency, 1990).
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Requirements of the drinking-water stan-

dards apply only to sites J- 13, J- 12, MV-1,

AD-2a, and DV-1, which are public water sup-

plies. Comparisons of ground-water quality in

the region to drinking-water standards serve

primarily to provide (1) a comprehensive and

consistent basis against which the quality of

ground water in the region can be evaluated, and

(2) an indication of the general quality of ground

water in the region. Water that meets drinking-

water standards is generally considered to be of

good quality and suitable for most other benefi-

cial uses.

Several measures of water samples-total

coliform bacteria, fluoride, dissolved solids, and

radon (table 14)-exceeded established, proposed,

or tentative standards at sites throughout most of

the study area.

Concentrations of total coliform bacteria in

water samples exceeded the primary drinking-

water standard at sites CF-1, JF-3, AD-2a, AD-8,

AD-9a, DV-2, and at most sites sampled in Ash

Meadows (AM- la, AM-2, AM-4, AM-5a, and

AM-8). In 1991, about 4 months prior to sample

collection at site DV-2, the tunnel that collects

ground-water discharge immediately upstream

from the sampling point was renovated. Total

coliform bacteria occur naturally in the environ-

ment, and do not necessarily indicate fecal con-

tamination (Sloat and Zeil, 1991, p. 2).

The secondary drinking-water standard for

fluoride concentrations was exceeded in water

samples collected at sites CF-1, J- 13, AD-4a,

AM-3, and DV-1. Dissolution of fluoride from

rocks and soil normally contributes to fluoride

concentrations in ground water (Hem, 1985,

p. 121).

Concentrations of dissolved solids in water

samples collected at sites CF-2a, AD-4a, AD-8,

AM-3, DV-1, and DV-2 exceeded the secondary

drinking-water standard. Dissolution of minerals

in most rocks and soils contributes to naturally

occurring concentrations of dissolved solids in

ground water, although the presence of industrial

or agricultural waste water or sewage can increase

the dissolved-solids content of water (Garcia,

1989, p. 40).

Radon activities exceeded proposed primary

drinking-water standard in samples collected at

sites CF-1, CF-2a, J- 12, JF-3, AD-2, AD-2a,

AD-8, AD-9a, AM-2, AM-5a, and AM-8. Radon-

222 is a soluble, naturally occurring radioisotope

derived from radium (in a radioactive-decay series

beginning with uranium-238; Hem, 1985, p. 148-

149).

Several established, proposed, or tentative

drinking-water standards were exceeded on an

areally limited basis within the study area.

Similarly, organic compounds for which standards

have been established were detected only at

isolated sites in the study area (rather than

throughout the region). Constituents or properties

that exceeded the standards or were detected at

one or two sites were pH, color, turbidity, sulfate,

arsenic, cadmium, iron, gross-alpha radioactivity,

uranium, chloroform, benzene, toluene, and

polychlorinated biphenyl (PCB) compounds

(table 14).

The pH of one water sample from site AD-2
was outside the range established as the second-

ary drinking-water standard, and color exceeded

the secondary standard in one water sample

collected at site AM-5a. The pH is a measure of

acidity in water due to the activity of hydrogen

ions, and color is generally attributable to decay

of organic matter (Garcia, 1989, p. 38).

Turbidity, which can interfere with disinfec-

tion of water (U.S. Environmental Protection

Agency, 1990), exceeded the primary standard in

one sample collected at site DV-2 during August

1991. In 1991, about 4 months prior to sample

collection, the tunnel that collects ground-water

discharge immediately upstream from the sam-

pling point was renovated.

The secondary drinking-water standard for

sulfate was exceeded at sites AD-8 and AM-3.

The primary standard for arsenic was exceeded at

sites AM-3 and DV-2. The primary standard for

the concentration of cadmium and the secondary

standard for the concentration of iron also were

exceeded at site AM-3. Concentrations of those

constituents generally result from dissolution of

minerals in soils and rocks, although iron also can

be corroded from well casings, pumps, and pipes

(Thodal, 1992, p. 19-21).
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Gross-alpha radioactivity exceeded the

proposed primary drinking-water standard in two

water samples collected at site AD-8 and one

water sample collected at AM-3. The proposed

primary drinking-water standard for the concen-

tration of natural uranium also was exceeded, in

one water sample from site AD-8. Uranium in

ground water is largely derived from rocks and

soils (Thatcher and others, 1977, p. 2). Natural

gross-alpha radioactivity can come from radioac-

tive isotopes of uranium in rocks and soils and

from radioactive decay products of uranium such

as radium-226 (Thatcher and others, 1977, p. 2).

Artificial radioactivity can come from nuclear-

waste disposal, nuclear-weapons testing, and

peaceful applications of nuclear materials

(Thatcher and others, 1977, p. 3).

Synthetic organic compounds were detected

at one site in the Amargosa Desert and at two

sites in Ash Meadows. Although detectable,

concentrations of the compounds were below

levels of established or proposed drinking-water

standards in all but one sample collected at one

site (AM-2).

One of the two analyses for site AD-2a

indicated a chloroform concentration of 0.3 ug/L,

which is well below the proposed standard of 100

ug/L. Chloroform is widespread in the atmo-

sphere and water, especially in chlorine treated

wastewater effluent (Lucius, 1989, p. 202-206).

The compound is manmade, and is sometimes

produced during chlorination of water supplies

(Thodal, 1992, p. 25). Chlorine bleach is used

for near-monthly disinfection of well AD-2a.

One of the three analyses for site AM-4
(Devils Hole) indicated benzene and toluene

concentrations of 0.2 and 0.3 ug/L, respectively,

which are well below the standards of 5 and

1,000 ug/L. Minor amounts of benzene and

toluene may occur naturally, but their presence in

ground water is mainly related to contamination

by petroleum products (Thodal, 1992, p. 23, 28).

Both compounds are present in gasoline-engine

exhaust and gasoline vapors. A gasoline-powered

air compressor is used at site AM-4 during sam-

ple collection, and petroleum-based lubricants

have been used for instrumentation.

Two analyses for site AM-2 indicated gross

polychlorinated biphenyl (PCB) concentrations

of 0.2 and 1.1 ug/L. Of those concentrations, 1.1

ug/L exceeds the drinking-water standard of

0.5 ug/L. PCB's were commonly used in some

electrical equipment (Hem, 1985, p. 154), includ-

ing electrical transformers and capacitors prior to

1978. For example, about 1 million submersible

pumps with capacitors containing from 0.25 to

0.8 pounds of PCB's may remain in drinking-

water supply wells in the United States (U.S.

Environmental Protection Agency, written

commun., 1985). A pump was temporarily

installed in well AM-2 in the past, and abandoned

electrical equipment is present near the well.

In addition to site-specific activities that

might affect water quality, the procedures and

materials used to collect, process, and analyze

water samples can be of importance in evaluating

the analytical results. Water-quality procedures

and materials used during sample collection and

processing are discussed in unpublished USGS
Technical Procedures HP-225, Rev. 1 (Richard J.

La Camera, U.S. Geological Survey, written

commun., 1992) and HP-23, Rev. 2 (William C.

Steinkampf, U.S. Geological Survey, written

commun., 1991). Refer also to the section

"Quality Assurance."
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*
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CM S Volcanic rock
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