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GROUND-WATER AND SURFACE-WATER
RELATIONS ALONG THE MOJAVE RIVER,

SOUTHERN CALIFORNIA

By Gregory C. Lines

Abstract

The Mojave River and the associated flood-
plain aquifer are important water supplies in the
Mojave Desert of Southern California. The river
and aquifer, in many areas, are in excellent
hydraulic connection, and when flow conditions
change in one, the other almost always is affected.

To better understand these relations,
records of gaging stations were analyzed to deter-
mine the frequency and duration of historical
streamflow. Annual ground-water recharge from
the river during water years 1931-94 was esti-
mated from an accounting of all streamflow
accretions and losses. Annual recharge ranged
from about 24,000 to 460,000 acre-feet and aver-
aged about 96,000 acre-feet. Channel-geometry
regression techniques were used to estimate run-
off of ungaged ephemeral streams that are tribu-
tary to the river. Water-table and gravity changes
were used to estimate specific yield of the aquifer
and changes in ground-water storage following
storm runoff during the winters of 1992-94. In
addition, streamflow hydrographs were analyzed
to estimate both ground-water discharge to the
river (base flow) and historical streamflow deple-
tion caused by ground-water pumping and evapo-
transpiration. Ground-water pumpage from the
flood-plain aquifer was about 120,000 acre-feet
during water year 1994. Annual evapotranspira-
tion along the river probably ranges from about
10,000 to 30,000 acre-feet.

Factors controlling the exchange of water
are identified in this report on the basis of the
historical response of the river-aquifer system to
stress (stormflows and pumping). Also identi-
fied are reaches of the river that are hydrauli-
cally suitable for artificial recharge.

INTRODUCTION

Problem and Objectives

The Mojave River (fig. 1) has long been the
"lifeblood" of the Mojave Desert. For the Vanyume
and Chemehuevi Indians who lived along the river,
water was the critical element for survival. River
water and the vegetation that grew on the flood plain
also were vital to the Spanish explorers of the late
1700's, the American trappers of the early 180('s,
and the thousands of pioneers who later followed the
Spanish Trail and Mormon Road (Walker, 198€).

By the 1880's, boosted by the Calico mining
boom and completion of a transcontinental railroad,
Euro-American settlement along the Mojave River
was expanding (Earle, 1992). But with a heavy
reliance on river water and natural subirrigatior.
agriculture along the river was devastated by the
drought of 1894-1904. With the advent of com-
bustion engines (and later, electric motors) to prwer
pumps, a "new" source of water became availal le.
Instead of having to rely on the flow of the rive~ and
rainfall, users obtained large quantities of water from
wells tapping sand and gravel beneath the flood plain
(flood-plain aquifer). It seemed that the problems
associated with an unpredictable water supply }'ad
been solved.
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streambed by about river mile 6. The extension of
flow to about river mile 36 during the winter of 1994
was again largely due to wintertime decreases in
pumping and evapotranspiration, both of which are
discussed in greater detail later in this report.

Descriptions of the Mojave River during the
18th and 19th centuries are brief, but diaries, journals,
and reports of early travelers and explorers provide
some insight into streamflow conditions. The first
written record is a diary by Father Francisco Garcés
(1738-81), a Franciscan priest who travelled along the
Mojave River in search of a route from the Colorado
River to Monterey in Spanish California. The diary
has been translated into English and interpreted by
Coues (1900). On March 9, 1776, Garcés describes
entering a canyon (Afton Canyon) having a stream of
brackish water. Garcés continued his travel upstream
along the Mojave River and camped at several places
described by him as having abundant water and
pasturage. Garcés described crossing the river
somewhere near Hodge on March 16 and having to
camp at the crossing for a day to dry cargo, carried by
his mule, that had been soaked in crossing the river.
Garcés encountered several Indian rancherias along
reaches of the river having flow as he continued his
travels through the Lower and Upper Narrows toward
the headwaters.

Trappers and explorers—the most notable being
Jedediah Smith (in 1826), Capt. John C. Fremont (in
1844), and Kit Carson (in 1848)—and thousands of
pioneers traveled the Spanish Trail and Mormon Road
along the Mojave River during the 1800's. Along
stretches of the river that had flowing water or a
shallow water table, well-used camp sites were
established. Camp Cady (an Army post occupied in
1863-64 at river mile 82), Fork of Roads (mile 70),
Fish Pond (mile 60), Grapevine (mile 55),
Cottonwoods (mile 40), Point of Rocks (mile 34), and
Lane's Crossing (mile 20) became well-known
watering and resting spots (Walker 1986, p. 190).
Many of these sites, particularly those along the lower
main stem of the river, no longer have year-round flow
in the river (see fig. 15) or a shallow water table.

Other changes in the river can be ascertained by
comparing current conditions with those observed
during land surveys of the 1850's. Ralph W. Norris'

survey of the Helendale area in 1853 note-~ an
extensive swamp area in sections 29, 30, and 31,
township 8 N., range 4 W. During water years 1992-
94, this reach (river miles 31 and 32) was dry most of
the time (see fig. 15). Also, Henry Hancock's survey
of the Victorville area in 1855 notes swamps in
sections 23, 24, 25, 26, and 30, township £ N., range 4
W. (river miles 10 to 12). Comparison of Hancock's
detailed descriptions with conditions during water
years 1992-94 indicates that the swamps no longer
exist, although the river flows through this reach most
of the year. Microfilm of original land-su-vey notes
and maps are on file in the U.S. Bureau of Land
Management office in Barstow, Californic.

Ungaged Tributary Streams

Before the gaging-station records cen be used to
quantitatively evaluate ground-water and surface-
water relations, all accretions to (and losses from)
streamflow between the stations must be known.
Along the main stem of the Mojave River, these accre-
tions include runoff from ungaged tributary streams
and manmade discharges to the river. Any diversions
from a stream also would have to be acconnted for;
however, there have been no major divers‘ons from
the Mojave River main stem since the 192 7's.

An area of about 1,400 mi? contributes runoff to
the main stem of the Mojave River between The Forks
and Afton Canyon. Most of this runoff enters the river
through ephemeral tributary streams that flow only in
response to storm runoff. The runoff from tributary
streams has been ungaged. For this study, channel-
geometry techniques were used to estimate the mean
annual flow of ephemeral tributary streams.

Channel-geometry techniques have been used
by several researchers to estimate various streamflow
characteristics in the Western United States. Hedman
(1970) developed channel-geometry relations using a
large number of streams in California, anc' the reader
is referred to Hedman's report for discussinns of the
concepts and techniques. Because many of the
streams in Hedman's study were in more humid coast-
al areas or had larger drainage areas than rost streams
in the Mojave River basin, the author developed new

16 Ground-Water and Surface-Water Relations Along the Mojave River, Southern California



relations between annual mean flow and channel
geometry specifically for the Mojave Desert region.

Channel dimensions were measured at 29 active
and discontinued gaging stations in the Mojave Desert

region, including several along the Mojave River.
These 29 gaging stations are listed in table 1 alcng
with drainage area, period of record, annual mern
discharge, and average channel width. When

Table 1. Annual mean discharge and channel width at 29 gaging stations in the Mojave Desert region

[mi?% square mile; acre-ft, acre-foot; ft, foot]

Drainage  Periodof ool Avrage
Station no. Station name area record . .
(mi?)  (water years) discharge width
(acre-ft) (ft)
10252550  Caruthers Creek near Ivanpah 1.13 1964-81, 94 1.6
1983-93
10255700  San Felipe Creek near Julian 89.2 1959-83 710 4.5
10255805 Coyote Creek below Box Canyon, near Borrego Springs 154 1951-93 1,930 4.4
10255810 Borrego Palm Creek near Borrego Springs 21.8 1951-93 750 3.1
10256000 Whitewater River at White Water 57.5 1949-79 12,600 8.3
10257720  Chino Canyon Creek below tramway, near Palm Springs 4.70 1987-93 658 29
10258000 Tahquitz Creek near Palm Springs 16.9 1948-82, 3,880 11
1984-93
10258500 Palm Canyon Creek near Palm Springs 93.1 1931-41, 3,960 3.0
1948-93
10259000  Andreas Creek near Palm Springs 8.65 1949-93 2,220 4.9
10260400 Cushenbury Creek near Lucern Valley 6.36 1958-71 46 3.6
10260500 Deep Creek near Hesperia 134 1905-22, 52,700 3%
1930-93
10260620 Houston Creek above Lake Gregory,at Crestline 35 1980-93 518 1.3
10260630  Abondigas Creek above Lake Gregory, at Crestline 1.15 1980-93 878 3.9
10260950 West Fork Mojave River above Mojave River Forks Reservoir, 70.3 1975-93 33,140 13
near Hesperia
10261100 Mojave River below Mojave River Forks Reservoir, near 211 1972-74, 45,920 34
Hesperia 1981-93
10261500 Mojave River at Lower Narrows, near Victorville 513 1900-06, 56,700 23
1931-93
10261800 Beacon Creek at Helendale 72 1961-67 N 1.0
10262500 Mojave River at Barstow 1,291 1931-93 18,190 19
10263000 Mojave River at Afton 2,121 1930-32, 5,730 5.6
1953-78,
1981-93
10263500 Big Rock Creek near Valyermo 229 1924-93 13,040 11
10264560  Spencer Canyon Creek near Fairmont 3.68 1965-73 38 1.8
10264590 Cottonwood Creek near Rosamond 35.7 1966-72 10 1.8
10264600 Oak Creek near Mojave 15.8 1958-86 920 29
10264710  Goler Gulch near Randsburg 41.3 1967-72 14 1.1
10264740 Cache Creek near Mojave 96.5 1966-72 87 4.0
10264750 Pine Tree Creek near Mojave 335 1959-79 188 2.8
10264770  Cottonwood Creek near Cantil 163 1967-72 46 1.1
10264878 Ninemile Creek near Brown 104 1962-71 500 1.2
11031500  Agua Caliente Creek near Warner Springs 19.0 1962-87 1,960 3.9

The Mojave River

17






correlation coefficient was 0.86. An examination of
residuals indicates that they are randomly scattered
along the regression line.

Channel dimensions also were measured at 22
sites on ungaged ephemeral streams tributary to the
Mojave River. The sites are listed in table 2 along
with drainage area, average channel width, the
estimated annual mean discharge, and estimated
runoff. Both annual mean discharge and runoff are
rounded to one significant figure. The tributary
streams were measured as close to their mouths as
possible so that estimated discharge would represent
accretion to flow of the Mojave River. The location of
the 22 channel-geometry sites is shown in figure 4.

Estimated annual runoff ranged from less than
0.001 to 2 in., although runoff from most sites renged
from 0.1 to 0.5 in. In general, the runoff estimates
were smaller for streams draining relatively flat terrain
and larger for streams draining steep and rocky te-rain.
Drainage areas of the 22 sites include 125 mi? of the
approximately 180-mi? area that drains into the voper
main stem of the Mojave River (excluding the
headwaters), 557 mi? of the approximately 778-mi?
area that drains into the middle main stem, and 180
mi? of the approximately 432-mi? area that drains into
the lower main stem. On the basis of a drainage-area-
weighted average annual runoff (in.) for each section
of the main stem, estimated ungaged tributary inflow

Table 2. Channel width and estimated annual mean discharge and runoff in selected ephemeral tributary strrams
to the Mojave River

[mi2, square mile; acre-ft, acre-foot; ft, foot; in., inch; <, less than]

Average Estimated .
. Drainage annual  Estimated
Site No. . channel
(fig. 4) Stream name and location art?g width .mean ru.mff
(mi“) (ft) discharge @ir)
(acre-ft)
1 Unnamed, SW1/4 NW1/4 sec.18, T.3N., R.3W. 1.2 1.0 30 0.5
2  Unnamed, NE1/4 SW1/4 sec.6, T.3N., R,3W. 1.3 0.9 20 .
3 Unnamed, SE1/4 SW1/4 sec.36, T.4N., R4W. 1.5 1.3 50 1
4  Antelope Valley, SE1/4 NW1/4 sec.25, T.4N., R.4W. 16.1 3.0 400 .
5 Unnamed, SW1/4 SE1/4 sec.12, T.4N., R4W. 5.6 1.5 70 2
6  Unnamed, NW1/4 NW1/4 sec.12, T.4N., R4W. 15.6 14 60 .07
7 Unnamed, SE1/4 SE1/4 sec.7, T.4N., R.3W, 1.5 <1 <.1 <0
8 Desert Knolls Wash, SW1/4 SE1/4 sec.10, T.5N., R4W. 7.6 2.2 200 5
9 Oro Grande Wash, NE1/4 SW1/4 sec.10, T.5N., R.4W. 27.8 1.2 40 .03
10  Bell Mountain Wash, SW1/4 NW1/4 sec.34, T.6W., R.4W. 349 4.2 800 A4
11 Unnamed, SE1/4 SE1/4 sec.30, T.6N., R.4W. 7.6 1.7 100 2
12 Fremont Wash, NE1/4 NE1/4 sec.2, T.7N., R.5W. 254 .8 20 0N
13 Buckthorn Wash, NE1/4 SE1/4 sec.25, T.8N., R5W. 104 2.9 300 .05
14  Wild Wash, SE1/4 SE1/4 sec.7, T.8N., R.3W. 477 2.8 300 1
15 Unnamed, NE1/4 SW1/4 sec.28, T9N., R.3W. 1.9 2.5 200 2
16 Stoddard Wash, SW1/4 SE1/4 sec.18, T.9N., R2W. 142 4.2 800 1
17 Boom Creek, SW1/4 NE1/4 sec.11, TON., R.1W. 1.6 1.8 100 1
18 Daggett Wash SE1/4 SW1/4 sec.17, TIN,, R.1E. 24.0 30 400 3
19 Calico Wash, NE1/4 NE1/4 sec.6, T9N., R.2E. 100 3.2 400 .0°
20  Manix Wash, SE1/4 NE1/4 sec.10 T.10N., R4E. 452 33 500 2
21 Wilhelm Wash, SE1/4 NE1/4 sec.32, T.11N,, R.5E. 7.6 2.2 200 5
22 Unnamed, SW1/4 SE1/4 sec.18, T.11N., R.6E. 1.6 1.0 30 A4
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averaged about 2,400 acre-ft along the upper main
stem, 2,400 acre-ft along the middle main stem, and
3,900 acre-ft along the lower main stem. In com-
parison, annual inflow from the headwaters averaged
about 71,000 acre-ft during water years 1931-94.

It is not possible to determine when the runoff
from ungaged tributaries occurred in the past. But, if
one assumes that the runoff in the ephemeral tributary
streams occurred at the same relative magnitude as the
ephemeral runoff in the Mojave River at Barstow
(gaging station 10262500), the distribution of runoff
would be that shown in figure 18. For example, during
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Figure 17 Relation between channel width and annual
mean discharge at 29 gaging stations in Mojave Desenrt
region.

water year 1969 the annual discharge of the Mojave
River at Barstow was about 820 percent of the average
discharge. Assuming that ungaged runoff from
tributaries also was 820 percent of aver~ge during
water year 1969, total inflow to the Mojave River from
ungaged tributaries was about 70,000 acre-ft (about
20,000 acre-ft along the upper main stem, 20,000 acre-
ft along the middle main stem, and 30,(00 acre-ft
along the lower main stem). In comparison, gaged
inflow to the Mojave River from the headwaters
section during water year 1969 was abcut 340,000
acre-ft.

Manmade Discharges to River

The discharge from two fish hatcheries has
contributed to the flow of the Mojave River along the
upper main stem. Discharge from Jess Ranch Fish
Hatchery, at about river mile 9 (fig. 4 ), was contin-
uous during water year 1992 and intermittent during
water years 1993-94. Historically, water from the
hatchery has been used for irrigation. Beginning in
water year 1990, however, ground-water pumpage for
the hatchery exceeded irrigation requirements, and the
excess was discharged to the river (Gary Ledford, Jess
Ranch, oral commun., 1993). With completion of a
golf course, irrigation requirements rose in 1994 and
discharge to the river occurred only during the winter.
The discharge to the river is not metered, but on the
basis of periodic discharge measuremer*s and the re-
ported operations, it is estimated that about 2,000 acre-
ft was discharged to the river in water years 1990 and
1993, about 7,000 acre-ft during water vears 1991 and
1992, and about 1,000 acre-ft during water year 1994.

A fish hatchery operated by California
Department of Fish and Game (fig. 19) has been
discharging water to the river at about mile 10 almost
continuously since water year 1949. Ground water
pumped on site is circulated through the fish-rearing
ponds and all but about 3,000 acre-ft/yr is discharged
to the river. About 3,000 acre-ft/yr historically has
been diverted and used for irrigation on the flood plain
between the hatchery and Upper Narrows (Richard
Uplinger, California Department of Fish and Game,
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written commun., 1993). Although the discharge to
the river is not metered, an accurate estimate of the
discharge is made possible by electric power con-
sumption and efficiency tests on water-supply wells.
The estimated discharge to the river varied from about
300 acre-ft during water year 1949 to about 18,000
acre-ft during water year 1991. The estimated total
discharge to the Mojave River from both this opera-

tion and the Jess Ranch hatchery is shown in figure 20.

At about river mile 22 along the middle main
stem of the Mojave River (fig. 4), wastewater from the
Victor Valley Wastewater Reclamation Authority has
been discharged to the river since water year 1982.
The discharge was metered, and it ranged from about
2,250 acre-ft during water year 1982 to 7,140 acre-ft
during water year 1991 (N.B. Allen, Victor Valley

Wastewater Reclamation Authority, written comr~un.,
1994).

Periodically since February 1972, importec
water has been released from Silverwood Lake tc the
West Fork Mojave River. Through water year 1974,
these releases have totaled about 70,000 acre-ft.
Except for a short period in March 1983 when water
flowed past Afton Canyon into Soda Lake, all of this
water percolated into the Mojave River streambed,
mainly along the upper main stem. In addition,
beginning in water year 1994, imported water has also
been released from a turnout in Mojave Water
Agency's Morongo Basin Pipeline at about river mile
4. A total of about 6,600 acre-ft was released fror the
turnout in water year 1994, all of which percolated
into the streambed within 2 mi (see fig. 15).
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Figure 18. Estimated annual discharge of tributary streams along the main stem of the Mojave River
and ratio of annual to average discharge of the Mojave River at Barstow (gaging station 10262500),
water years 1931-94. (Selected years are identified at top of bar.)
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Annual evapotranspiration probably ranges from
about 10,000 acre-ft during drought years to perhaps
as much as 30,000 acre-ft during years of large storm-
flows and high-water-table conditions.

Ground-water pumping and evapotranspiration
cause both seasonal and long-term depletion in
streamflow. The depletion in streamflow is most
evident at the Lower Narrows and Afton Canyon
where water from the flood-plain aquifer discharges
naturally to the river. Since the late 1940's, annual
streamflow depletion at the Lower Narrows has varied
from about 8,000 to 20,000 acre-ft and averaged about
15,000 acre-ft. Annual base flow at the Lower
Narrows has declined from an average of about 26,000
acre-ft during water years 1937-42 to about 11,000
acre-ft during water years 1993 and 1994. Most of the
streamflow depletion at the Lower Narrows is
attributed to ground-water pumping.

The magnitude and duration of stormflows, the
permeability of the streambed, and the thickness and
volume of the unsaturated zone in the flood-plain
aquifer are the most important factors controlling
ground-water recharge. Most of the recharge during
water years 1992-94 occurred along ephemeral
reaches of the upper and middle main stem where the
streambed is permeable and where there was a thick
unsaturated zone. Despite a large unsaturated zone
beneath the flood plain along much of the lower main
stem, recharge along the lower main stem was
relatively small, even during years with large
stormflows. This lack of recharge is due mainly to the
presence of fine-grained, low-permeability materials
in that reach of the streambed. The most favorable
reaches of the river for artificial recharge, using either
percolation ponds on the flood plain or the river
channel itself, are those that receive large quantities of
recharge naturally from streamflow.
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