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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

CONVERSION FACTORS

Multiply By To obtain
foot (ft) 0.3048 meter
inch (in.) 254 millimeter
inch per year (infyr) 254 millimeter per year
mile (mi) 1.609 kilometer
square mile (mi?) 259.0 hectare
square mile (mi2) 2.590 sguare kilometer

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/18

Vertical Datum

Sealevel: Inthisreport, "sealevel” refersto the National Geodetic Vertical Datum of 1929 (NGVD of
1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.

Altitude, asused in this report, refers to distance above or below sealevel.

Abbreviations

USGS U.S. Geological Survey

vi Conversion Factors and Vertical Datum



WELL-NUMBERING SYSTEM

Wells areidentified and numbered according to their location in the rectangular system for the subdivision of
public lands. Identification consists of the township number, north or south; the range number, east or west; and the
section number. Each section is divided into sixteen 40-acre tracts lettered consecutively (except | and O),
beginning with “A” in the northeast corner of the section and progressing in a sinusoidal manner to “R” in the
southeast corner. Within the 40-acre tract, wells are sequentially numbered in the order they are inventoried. The
final letter refers to the base line and meridian. In California, there are three base lines and meridians; Humbol dt
(H), Mount Diablo (M), and San Bernardino (S). All wellsin the study area are referenced to the San Bernardino
base line and meridian (S) Well numbers consist of up to 15 characters and follow the format 004NO03W1MOO01S.
In this report, well numbers are abbreviated and written 4N/3W-1M 1. Wells in the same township and range are
referred to only by their section designation, IM1. The following diagram shows how the number for well 4N/3W-

1M1 isderived.
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Regional Water Table (2000) and Ground-Water-Level
Changes in the Mojave River and the Morongo Ground-
Water Basins, Southwestern Mojave Desert, California

By Gregory A. Smith

ABSTRACT

The Mojave River and Morongo ground-
water basins are in the southwestern part of the
Mojave Desert in southern California. Ground
water from these basins supplies amajor part of
the water requirements for the region. The
continuous population growth in this area has
resulted in ever-increasing demands on local
ground-water resources. The collection and
interpretation of ground-water data helps local
water districts, military bases, and private citizens
gain abetter understanding of the ground-water
systems, and consequently, water availability.

During 2000, the U. S. Geological Survey
and other agencies made approximately 2,500
water-level measurementsin the Mojave River and
the Morongo ground-water basins. These data
document recent conditions and, when compared
with previous data, changes in ground-water
levels. A water-level contour map wasdrawn using
data from about 500 wells, providing coverage for
most of the basins. Twenty-nine hydrographs show
long-term (up to 70 years) water-level conditions
throughout the basins, and 13 short-term (1996 to
2000) hydrographs show the effects of recharge
and discharge along the M ojave River. In addition,
awater-level-change map was compiled to
compare 1998 and 2000 water-levels throughout
the basins.

In the Mojave River ground-water basins,
water-level data showed little change from 1998 to
2000, with the exception of areas along the
Mojave River. Water levels along the Mojave
River weretypically in decline or unchanged, with
exceptions near the Hodge and the Lenwood
outlet, where water levels rose in response to
artificial recharge. The Morongo ground-water
basin had virtually no change in water levels from
1998 to 2000, with the exception of YuccaValley,
where artificial recharge and ground-water
withdrawal continues.

INTRODUCTION

The Mojave River and the Morongo ground-
water basins arein the southwestern part of the Mojave
Desert in southern California, approximately 80 and 40
mi northeast, respectively, of LosAngeles (fig. 1).
Surface water in these basinsis minimal and is
normally limited to ephemeral flow during winter and
spring storms. There is however, continuous flow from
springs in some areas of the Morongo ground-water
basin, and in parts of the Mojave River ground-water
basin where the water tableintersectstheriver channel.
The lack of significant surface-water resources has
resulted in the use of ground water as the primary
source for private, agricultural, and municipal supply.
Owing to increasing urbanization, demands on local
water supplies have created overdraft conditionsin
some areas of the desert basins. Periodic monitoring of
ground-water levels aids in the management of the
Mojave River and the Morongo ground-water basins.

Abstract 1
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Figure 1.

Location of the Mojave River and the Morongo ground-water basins, southwestern Mojave Desert, California.
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In a continuing effort to monitor ground-water
conditions in the Mojave River and the Morongo
ground-water basins, the U.S. Geological Survey
(USGS), in cooperation with the Mojave Water
Agency, constructed a water-table map describing
present (2000) ground-water conditions. Water-level
data were collected from approximately 500 wells to
construct the map, which shows the altitude of the
water table and general direction of ground-water
movement. Historical water-level data were used to
create 29 hydrographs and to show long-term water-
level changes, for as much as 70 years, in selected
wells (pl. 1). An additional 13 short-term hydrographs
(1996-2000) for wells along the Mojave River were
constructed to show the water-level changes during
seasonal recharge and discharge (pl. 1). Short-term
water-level changes were determined by comparing
1998 and 2000 water levels. These data were used to
create a water-level-change map (fig. 2). Thisreport is
acontinuation of a series of previously published
USGS reports and maps by Stamos and Predmore
(1995), Trayler and Koczot (1995), Mendez and
Christensen (1997), and Smith and Pimentel (2000).
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Description of Study Area

The Mojave River and the Morongo ground-
water basins together encompass about 2,400 mi2. The
climate of these basinsistypical of the Mojave Desert

region of southern California. Annual temperatures
average 64°F and range from 3°F in the winter to above
116°F in the summer (Densmore and L ondquist, 1997).
Most areas of the basin floor receive 4 to 6 in./yr of
precipitation, although annual precipitation can be
greater than 40 in. in the southern and eastern San
Bernardino and the San Gabriel Mountains (Lines,
1996). Recharge to the ground-water system from
direct infiltration of precipitationis minimal.

The Mojave River ground-water basin is
approximately 1,400 mi2 and extends from the San
Bernardino and the San Gabriel Mountainsin the south
to near the Gravel Hills and the Fort Irwin National
Training Center in the north (pl. 1, fig. 1). The ground-
water basin is bordered on the west by Antelope Valley
and sharesits southeastern boundary with the Morongo
ground-water basin. For water-management purposes,
the Mojave River ground-water basin has been divided
into five subareas; Alto (including a transition zone),
Baja, Centro, Este, and Oeste (fig. 2).

The primary source of ground-water rechargein
the Mojave River ground-water basin isintermittent
streamflow in the Mojave River. Since July 1994, the
basin has received additional recharge due to the
release of imported water to the Mojave River at the
Rock Springs Outlet (near well 4AN/3W-31L9)
southeast of Hesperia (Mojave Water Agency, 1996).
Since 1998, recharge water also has been released at
the Lenwood Ouitlet (near well 9N/3W-1R7) and at the
Hodge Outlet (near well ON/3W-2234)(pl. 1).

The Morongo ground-water basin is about
1,000 mi2 and is surrounded by the Ord and Granite
Mountains to the north, the Bullion Mountains to the
east, the San Bernardino Mountains to the southwest,
and (not shown on pl. 1) the Pinto and Little San
Bernardino Mountains to the south. The Morongo
ground-water basin is separated into 17 subbasins;
Copper Mountain, Deadman, Emerson, Fry, Giant
Rock, Johnson, Joshua Tree, Lucerne, Mainside,
Means, Mesquite, Pipes, Reche, Suprise Spring,
Twentynine Palms, Upper Johnson, and Warren (fig. 2).

The Morongo ground-water basin is recharged
by infiltration from flow in ephemeral stream channels
and from artificial-recharge ponds. In 1995, the Mojave
Water Agency installed the High Desert recharge ponds
at YuccaValley (near well IN/5SE-36M6) in the Warren
subbasin (pl. 1).

Introduction 3



"BIUIOJI[RY L18SB(] BARIO\ LIBISBMUINOS ‘SUISB] Ja1em-punolf oBuaialy 8yl pue Jaaly saelojy 8y} ul ssBueyd |ans|-1s1em (000Z—866 1) Wier-1oys

7€

oGE

_ ——— _ _ o
ﬂ‘ .ft,\, _.\.,o .ww we® r Asepunog SHILINOTIN 0 oL m\%
k o uiseq abeuresp R W HES
enlaelor ST 02 if o 82
% amuc:wﬁ .././ %\ S
: ea.e Juswabeuew ——
= 1 Aouaby/ Jaiep aneloly -

uiseq
i1a)em-puno.f
_ obuoiopy

199f C1
uey) 1)BAIs ‘QuIod A

199) G uey) SS9 .
29 G uey) IoYRRId AuUIPd A

J99] G 0}
[enba 1o uey ssof o3uey) @

199] G uey] SSI|
999 G uRY) 1018313 ‘OSTY W

199J G UBY) 191BaI3 ‘OSTY W
—3pMN[E [9AJ[-Id)eM
ul d3ueYd puk A\
utseqqng

BOIRQNG  joremereeees

—saLrepunog

NOLLVNV1dXH

7..

: 7

|_. S
[~ )
— umay )

C |

09 sajabuy soq

i °
W aseq

o I0q Iy

10® .

(

> uiseq
\ l13jem-punoib
. .\|~\ 1anry anelop

A WA

= !.—.{
[ 3
..
[

Lfway St

09 oulpieulag

09 wiay|

00911

0€.911

000L11 08oL11

'z 9inby

Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and the Morongo Basins, Southwestern Mojave Desert, California

4



GEOHYDROLOGY

The boundaries of the Mojave River and the
Morongo ground-water basins are generally defined by
the contact between water-bearing unconsolidated
deposits and surrounding and underlying non-water-
bearing consolidated igneous and metamorphic rocks.
For a more comprehensive description of the
geohydrology of the ground-water basins refer to
Stamos and others (2001), Smith and Pimentel (2000),
and Mendez and Christensen (1997).

Perched ground water has been identified in four
areas of the Mojave River and the Morongo ground-
water basins. Perched ground water is unconfined
ground water separated from an underlying body of
ground water by an unsaturated zone (Lohman, 1972).
The approximate areas of perched ground water are
near El Mirage Lake (dry), Adelanto (Montgomery
Watson, 1998), Lucerne Valley (Jill Densmore, U.S.
Geological Survey, written commun., 1999) and
Mesquite Lake (dry) (Mendez and Christensen, 1997)
(pl. 1 and fig. 3). Scant data were available for the
Adelanto area; hence, the extent of the perched ground
water is not clearly known and is based on the
Montgomery Watson (1998) report.

GROUND-WATER LEVELS AND FLOW

Water-level datawere collected in the spring of
2000 from 498 wells (table 1) in the Mojave River and
the Morongo ground-water basins to determine the
altitude of the water table and the direction of ground-
water flow (pl. 1). The water table isthe surface of a
ground-water body at which the pressureis
atmospheric. The water table is defined by the levels at
which water standsin wellsthat just penetrate the
water body (Lohman, 1972). The water-level
measurements used for plate 1 are from wells with
various perforated intervalsin the saturated zone (water
body). Although these wells may perforate different
zones, the measured water levels accurately represent
the water-table altitude and can be used with sufficient

confidence to indicate the general direction of ground-
water flow; ground water flows from areas of higher to
areas of lower hydraulic head, (downgradient) and
perpendicular to the water-level contours (pl. 1). Where
2000 water-level datawere not avail able, contourswere
based largely on 1998 water-level conditions reported
by Smith and Pimentel (2000).

As part of ground-water observation network,
the USGS, in cooperation with local water agencies,
water districts, the military, and private landowners,
has constructed many multiple-well monitoring sites
(table 1). These sites consist of a cluster of two or more
observation wells completed at different depths within
asingle borehole, each typically screened across a 20-
foot interval. Data from the shallowest well of a
multiple-well site were used for the regional water-
table map. In areas of a perched water table, both the
perched and regional water levels are shown on the
water-level map (pl. 1and fig. 3).

The 2000 water levels were measured using a
steel tape or a calibrated electric tape; when neither of
these methods was possible, an airline was used. Water-
level data collected by other agencies were validated
and deemed to adhere to USGS guidelines (noted as
“reported” in table 1). The water-level altitude was
determined by subtracting the water-level measurement
(depth to water, in feet below land surface) from the
established land-surface altitude above sea level.

WATER-LEVEL CHANGES

In most areas of the Mojave River and Morongo
ground-water basins, water levels remained relatively
unchanged from 1998 to 2000 (fig. 2); however, there
were some significant changes along the Mojave River
inthe Alto and Baja subareas and in the Centro subarea
near Hodge and Lenwood. In the Morongo ground-
water basin, water levels rose significantly in the
Lucerne and Warren subbasin. To illustrate water-level
changes for periods greater than 2 years, 42
hydrographs were created for the basins (pl. 1).

Geohydrology 5
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Historical water-level datawere used in
conjunction with data collected during this study to
determine both long-term (1930-2000) and short-term
(1996-2000) water-level changes in the Mojave River
and the Morongo ground-water basins. Long-term
water-level changes are depicted by 29 water-level
hydrographs (pl. 1) that include data collected from the
early 1930s. Some hydrographs combine data from
more than one well in order to show water-level
changes over a greater period in agiven area. Thirteen
short-term hydrographs were constructed from data
collected between 1996 and 2000 along the Mojave
River (pl. 1). These short-term hydrographs show the
effects of seasonal recharge and discharge along the
river. Recharge along the Mojave River is primarily
from infiltration of stormflows, usually during January
through March and artificially at the Rock Springs,
Hodge, and Lenwood outlets (pl. 1).

In the Mojave River ground-water basin, a
comparison of ground-water levels measured in the
spring of 1998 and the spring of 2000 (fig. 2) indicates
that changesin the regional aquifer system generally
were lessthan or equal to 5 ft. Water levels measured in

wells along the Mojave River showed the greatest
change. In the Alto subarea, water levels declined as
much as 37 ft. Farther downstream in the eastern
Centro and the Baja subareas, water levels declined as
much as 35 ft. Water levelsin the Alto Transition Zone
showed little change. However, water levelsin the
Centro subarea rose as much as 22 ft near the artificial-
recharge sites of the Hodge Outlet (near well
9N/3W-22J4) and the Lenwood Outlet

(near well 9N/3W-1R7) (pl. 1).

In the Morongo ground-water basin, a
comparison of ground-water levels measured in the
spring of 1998 and the spring of 2000 (fig. 2) indicates
that, in most wells, water levels changed 5 ft or less.
However, wellsin the Warren and Lucerne subbasins
showed greater water-level changes. In the Warren
subbasin, continuing artificial ground-water recharge
has resulted in water-level rises as great as 49 ft (well
1N/5E-36M6); however, water levelsin other parts of
this subbasin declined as much as 69 ft (well 1N/5E-
36L1) (fig.4). In the Lucerne subbasin, water levels
rose as much as 24 ft and declined as much as 7 ft.

8 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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12 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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14 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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16 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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18 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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20 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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24 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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26 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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28 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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30 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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32 Regional Water Table (2000) and Ground-Water-Level Changes, Mojave River and Morongo Basins, Southwestern Mojave Desert, California
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