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HYDROLOGIC ANALYSIS OF MOJAVE RIVER BASIN, CALIFORNIA, USING

ELECTRIC ANALOG MODEL

By William F. Hardt

ABSTRACT

The water needs of the Mojave River basin will increase because of
population and industrial growth. The Mojave Water Agency is responsible for
providing sufficient water of good quality for the full economic development
of the area. The U.S. Geological Survey suggested an electric analog model of
the basin as a predictive tool to aid management.

About 1,375 square miles of the alluvial basin was simulated by a passive
resistor-capacitor network. The Mojave River, the main source of recharge,
was simulated by subdividing the river into 13 reaches, depending on
intermittent or perennial flow and on phreatophytes. The water loss to the
aquifer was based on records at five gaging stations. The aquifer system
depends on river recharge to maintain the water table as most of the
ground-water pumping and development is adjacent to the river.

The accuracy and reliability of the model was assessed by comparing the
water-level changes computed by the model for the period 1930-63 with the
changes determined from field data for the same period.

The model was used to predict the effects on the physical system by
determining basin-wide water-level changes from 1930-2000 under different
pumping rates and extremes in flow of the Mojave River. Future pumping was
based on the 1960-63 rate, on an increase of 20 percent from this rate, and on
population projections to 2000 in the Barstow area. For future predictions,
the Mojave River was modeled as average flow based on 1931-65 records, and
also as high flow, 1937-46, and low flow, 1947-65.

Other model runs included water-level change 1930-63 assuming aquifer
depletion only and no recharge, effects of a well field pumping 10,000 acre-
feet in 4 months north of Victorville and southeast of Yermo, and effects of
importing 10,000, 35,000, and 50,800 acre-feet of water per year from the
California Water Project into the Mojave River for conveyance downstream.
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Analysis of the hydrologic system in the Mojave River basin, using the
electric analog model, indicates that the long-term pumping is exceeding
natural recharge, the water table is declining, and an overdraft or aquifer
depletion is occurring. Ground-water pumpage was about 40,000 acre-feet in
1930 and more than 200,000 acre-feet in 1963. The depletion is only
1-2 percent of the water in storage. Unfortunately, the depletion is not
uniform throughout the basin but is localized because of pumping in the
developed parts of the basin. Areas of maximum water-level declines are near
Harper Lake, Hinkley, and Daggett, and east of Hesperia.

The model showed that the boundary conditions in the aquifer, such as
faults, configuration of the basin, large variations in aquifer
transmissivity, recharge areas, and pumping patterns, have a pronounced effect
on water-level changes. In general, the water-level declines to the year 2000
are approximately straight-line projections of the documented decline from
1930 to 1963.

The upper basin gets first opportunity for replenishment because of its
proximity to the main sources of recharge, the headwaters of the Mojave River,
and runoff from the San Bernardino-San Gabriel Mountains. These areas account
for about 97 percent of the basin recharge. A geohydrologic anomaly along the
Mojave River near The Forks in the upper basin indicates that a confining
layer of low permeability hinders river recharge to the deeper aquifer, as
evidenced by maximum declines east of Hesperia. Downstream, perennial flow in
the river for 15 miles in the Victorville area has stabilized water levels.

The model indicates that if floodflows are not available to replenish
the aquifer, the Hinkley-Barstow-Daggett area may experience water
deficiencies earlier than other parts of the basin. The reasons are greatly
increased pumping predicted in the Barstow area, and low storage capacity of
the aquifer with its narrow, highly permeable channel between the mountains.
The aquifer boundary and its small cross—-sectional area cause large water-
level fluctuations from pumping patterns or flood sequences. East of Daggett
the aquifer is wide and deep, and long-term water levels will not fluctuate
greatly under proposed future pumping patterns. Much of the water pumped is
from storage in the aquifer, so continued minimal water-level declines
are anticipated.

Wet and dry climatic periods result in extremes of flow in the river and
in different rates of water-level change. Flow in the Mojave River accounts
for about 80 percent of the recharge to the basin, and 85 percent of the
average flow (1931-68) entering the basin at The Forks remains upstream from
Afton. Generally less water becomes available downstream, and the influence
of the river as a conduit system diminishes. Low flows do not normally reach
Barstow because the river channel is highly permeable and susceptible to
recharge. Most of the recharge to the aquifer downstream from Barstow results
from floods. From 1931 to 1968 only 27 percent of the water that entered the
basin at The Forks reached Barstow, and that mostly during the floods of 1932,
1937-38, 1941, 1943-46, 1952, 1958, and 1965-66.

The analog-model analysis should be regarded as the beginning of a new
phase of geohydrologic study in the Mojave River basin. The knowledge gained
from this initial model study will be helpful in formulating programs of




INTRODUCTION

better data collection, as well as testing concepts of the flow system under
varied conditions. Hydrologic modeling should be a part of the total
management program, as the model can be continually updated and improved.

INTRODUCTION

The Mojave River basin is in the Mojave Desert region of southern
California about 80 miles northeast of Los Angeles (fig. 1). Like similar
desert regions in the southwestern part of the United States, the Mojave
River basin has accelerated in population and industrial growth during the
1960's, The proximity of the Mojave Desert region to the highly urbanized
Los Angeles complex will be a stimulus to economic growth in the desert as
land in the coastal areas becomes unattainable and costs continue to rise,
Economic studies of the basin suggest an increasing rate of growth in the
future, provided adequate supplies of water of good quality are available.
The water supply for the present economic development comes from surface
water in the Mojave River and from the large quantity of ground water stored
in the alluvial aquifers.
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Recent hydrologic studies of the basin indicate that ground-water
discharge, mainly from pumping by wells, exceeds the natural recharge, and
consequently the water table is declining in many parts of the basin.

Although a large quantity of water is stored in the basin, a potential
deficiency in water supply is possible and is of concern to farmers, industry,
water purveyors, and the public. To remedy this potential deficiency and to
provide for better management of the water resources, the Mojave Water Agency
was authorized by the State Legislature and created by a vote of the people
within the Mojave Desert area in 1960. To provide sufficient water for future
economic development to the year 1990 or later, the agency has contracted with
the State to purchase water from the California Aqueduct starting in 1972 if
the water is needed to augment the local natural supply.

The general purpose of this study was to aid the Mojave Water Agency in
fulfilling its obligation to the people by efficiently managing all the water
resources within its boundaries. The agency's program includes utilization of
the ground-water reservoirs, the Mojave River, imported California Aqueduct
water, and reclamation of sewage and waste water. The agency's main purpose
is to see that sufficient water of acceptable quality is distributed to all
present and potential customers,

As an aid for solving technical water problems in the Mojave River basin
and predicting alternatives, an analog model was constructed. The model's
primary purpose is to simulate the flow pattern of ground water and the change
in water levels with time due to pumping and river recharge in the physical
system. Any theoretical or alternative set of water-use conditions can be
programed into the model, and the effects on the water table measured,
although precise answers are not always possible due to the inexactness of the
field data that are simulated in the model. These predictions can be done
quickly and at low cost compared with detailed field studies with trial-and-
error methods where costs in time and money can be great. The analog model
may be refined as more precise information is available. The present analysis
should be regarded as the beginning of a new phase of hydrologic study of the
Mojave River basin, and not as the study that ends all studies.

The scope of the study included (1) gathering and analyzing available
geohydrologic data, (2) obtaining needed additional data by field studies or
test drilling, (3) converting these data for use in an electric analog model,
(4) constructing and operating the model, (5) verifying and refining the
model by updating the field studies, (6) predicting hydrologic cause-and-
effect relations, and (7) a continuing program of answering specific
hydrologic questions that may come up.

The scope also included the study of additional hydrologic parameters
obtained from the field and the model, such as (1) recharge water from the
Mojave River and the California Aqueduct, (2) head measurements and rates of
inflow and outflow at the boundaries, (3) evaluation of the aquifer
transmissivity and storage coefficient, (4) effects of phreatophytes on the
hydrologic system, (5) discharge rates from the dry lakes, and (6) areas of
productive wells,
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Technical problems answered by the model include (1) the importance of
the Mojave River as a source of ground-water recharge to the basin,
(2) predictions of basin-wide water-level changes based on different pumping
regimens, (3) prediction of water-level change in the aquifer system caused by
extended floods (high flow) and droughts (low flow) in the Mojave River,
(4) effects on the aquifer system of high-rate, short-term pumping at selected
locations, and (5) future water-level changes caused by recharge of imported
water from the California Aqueduct into the Mojave River, and the distance the
surface water moves downstream,

This study and report were made in cooperation with the Mojave Water
Agency; U.S. Marine Corps Supply Center, Barstow; and George Air Force Base.
The work was done during 1966-70 by the U.S. Geological Survey, Water
Resources Division, under the general direction of R. Stanley Lord, district
chief in charge of water-resources investigations in California, and the
immediate direction of L. C. Dutcher, J. L. Cook, and R. E, Miller,
successive chiefs of the Garden Grove subdistrict. The analog model was
constructed and analyzed by Geological Survey personnel at Phoenix, Ariz.,
under the supervision of E., P. Patten, and valuable work was contributed by
Stanley Longwill, Michael Field, and Joseph Reid.

REGIONAL SETTING

The Mojave River (fig. 2) is the main stream traversing the study area
and is the main source of recharge to the aquifers. The river originates in
the San Bernardino Mountains and joins Deep Creek at the base of the
mountains at an altitude of about 3,000 feet above mean sea level. The
junction of the two rivers is called The Forks. The river flows northward
through Victorville, then eastward through Barstow, and leaves the basin at
Afton at an altitude of about 1,400 feet above mean sea level and about
100 miles downstream from The Forks. The land-surface gradient of the
Mojave River is 15-20 feet per mile. On the sides of the valley the slopes
are steeper, and tributary washes with gradients of 50-100 feet per mile are
common. Recharge to the basin from most of the tributaries is not
significant,

The climate of the Mojave River basin is typical of arid regions of
southern California. It is characterized by low precipitation, low humidity,
high summer temperatures, and strong winds at certain times of the year.

These climatic factors combine to cause high evaporation rates from open-water
surfaces and soil-moisture deficiences in the unsaturated zone above the
water table.
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Generally, rainfall in the Mojave River basin occurs in two
characteristic patterns. About 70 percent of the average annual rainfall at
Victorville and Barstow occurs from November through March. The winter
storms generally move from the Pacific Ocean eastward, are as much as 4 to
5 days in duration, and come when crops are mostly dormant. Therefore, the
soil-moisture content in the unsaturated zone may be higher in the winter thamn
in the summer. The summer rains are short, intense, and more local, and come
from thunderstorms that move up from Arizona., Summer rainfall is of little
value to agriculture because there is so little rain and evaporation losses
are high.

Data from the National Veather Service (U.S. Weather Bureau) indicate
that the mean annual precipitation at Victorville and Barstow for 1939-68 was
4.97 and 4.16 inches, respectively. Recharge to the aquifers from direct
precipitation on the desert floor probably is mnegligible. The mean annual
temperature at Victorville for 1940-65 was 59.6°F (15.4°C), and the mean
monthly temperature ranged from 42.6°F (5.9°C) in January to 78.7°F (26.0°C)
in July. At Barstow for 1924-65 the mean annual temperature was 64,1°F
(17.8°C), and the mean monthly temperature ranged from 45.9°F (7.7°C) in
January to 84.5°F (29.2°C) in July. In July and August midday temperatures
in the basin are frequently more than 100°F (37.8°C).

In arid and semiarid regions, the quantity of water that actually
evaporates and transpires from the soil is less than the potential because
water is not always available. Thornthwaite (1948) devised a method for
computing potential evapotranspiration from the soil based on mean monthly
temperatures and the latitude of the area. These data were compared to the
mean monthly precipitation of the Mojave River basin (fig. 3). The
climatological data for Victorville and Barstow were averaged to represent
the desert region of the basin. Precipitation exceeds potential
evapotranspiration during only 3 months of the year (January, February, and
December), and then only by a slight amount. The computed potential
evapotranspiration from the soil was about 35-1/2 inches per year or
7-1/2 times greater than the annual precipitation. Figure 3 shows the high
ratio of potential evapotranspiration from soil to precipitation available for
recharge to the aquifers from the desert floor.

Evaporation from a National Weather Service class A evaporation pan for
1931-33 averaged about 83 inches per year (Blaney, 1933, p. 24) at a station
on the east side of the Mojave River at the upper narrows near Victorville.
The annual evaporation from the Mojave River surface is about 5 feet, or
1-1/2 times greater than the computed potential evapotranspiration from the
soil., Water loss from the river surface is greater than from the soil because
of high air temperature, low atmospheric humidity, and wind action on the
water. Soil cover reduces the effectiveness of these parameters and lessens
water loss.
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WELL-NUMBERING SYSTEM

The well-numbering system used in the Mojave River basin has been used
by the Geological Survey in California since 1940, and is in accordance with
the Bureau of Land Management's system of land subdivision. The system has
been adopted by the California Department of Water Resources, California Water
Pollution Control Board, and many local water districts. As shown by the
diagram, that part of the number preceding the slash, as in 9N/2E-13Ql,
indicates the township (T. 9 N.); the number following the slash indicates the
range (R. 2 E.); the number following the hyphen indicates the section
(sec. 13); the letter following the section number indicates the 40-acre
subdivision according to the lettered diagram. The final digit is a serial
number for wells in each 40-acre subdivision and indicates the first well to
be listed in the SW%SE% sec. 13, T. 9 N., R. 2 E. The area covered by this
report lies east and west of the San Bernardino meridian and north of the
San Bernardino base line (fig. 2).
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GEOHYDROLOGY OF THE MODELED AREA

The geohydrology of the Mojave River basin has been described in previous
reports (California Department of Water Resources, 1967; Thompson, 1929
Miller, 1969; and Kunkel, 1962). This section describes and analyzes only
that geohydrologic information pertinent to the construction, verification,
and operation of an electric analog model. During the geohydrologic analysis,
and particularly during the many model runs, several anomalies became apparent
in the available data. Thus the model was helpful in developing ideas and
enhancing knowledge of the geology and hydrology. The use of the
geohydrologic data will be more fully described in the section on analysis of
the hydrologic system by the electric analog model.

About 1,375 square miles of the Mojave River basin is simulated by the
electric analog model. Previous hydrologic studies have, for convenience,
arbitrarily divided the lojave River basin into the upper, middle, and lower
Mojave, and Harper Lake (fig. 2). All the modeled area is an alluviated
plain, sloping gently northeastward, with ground water stored in the basin
sediments. Hydrologically, the study area is one flow system and extends from
The Forks at the base of the San Bernardino Mountains to Afton and includes
the dry Harper, Coyote, and Troy Lakes., Part of the basin is undeveloped, but
historically, most of the irrigable lands and centers of population, such as
Victorville and Barstow, are adjacent to the Mojave River. Surrounding the
ground-water basin are the consolidated rocks of the mountains, mainly
non~water-bearing crystalline and metamorphic rocks.

The physical system of the basin includes the hydrology of the Mojave
River; variations in geologic framework, both laterally and vertically; the
boundary or perimeter of the study area; and the aquifer properties of
hydraulic conductivity (permeability), transmissivity, and storage. These
characteristics of the basin are essential for the solution of cause-and-
effect relations in the model,

Prior to man's extensive development the ground-water flow system for the
model study was considered to be in equilibrium, with recharge equal to
discharge and no permanent change in ground-water storage. This is not
exactly correct, as the hydrologic system is a dynamic condition resulting
from flow in the Mojave River during extremes of wet and dry periods.

However, the long-term hydrologic changes were considered as minor. After
development by pumping of wells the flow system was measurably unbalanced,

and recharge and discharge conditions changed from the natural state. The
geohydrology under natural and steady-state conditions will be described under
the section, verification of the model.
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Geology of the Aquifer

The geologic units are grouped into two broad categories (1) consolidated
non-water-bearing rocks, and (2) unconsolidated water-bearing deposits. The
consolidated rocks comprise the mountain ranges that surround the alluvial
plains of the basin (fig. 2). They include metamorphic and igneous rocks, of
pre-Tertiary age, which, except for minor quantities of water in cracks and
weathered zones, are considered non-water-bearing. These rocks are primarily
outside the modeled area and are not discussed further. The unconsolidated
deposits underlie the basin within the mountain boundaries. These deposits
are highly permeable, transmit ground water, constitute the subsurface storage
reservoir for ground water, and were modeled for this study.

The unconsolidated water-bearing deposits range in size from coarse
gravel to clay and are generally less permeable with depth. The deposits in
the valley result primarily from erosion in the adjacent mountains. The
mountain streams carry debris onto the valley floor during floodflows, forming
alluvial fans at the base of the mountains. As the distance from the
mountains becomes greater, the stream gradients and water velocity become
less, and the sediment-carrying capacity of the stream becomes less, resulting
in deposition of finer-grained material, such as silt and clay, in the lowest
part of the basin. This general deposition pattern is interrupted by the
Mojave River traversing the valley and cutting a channel through both coarse
and fine-grained material, and then refilling with coarse-grained, permeable
river deposits.

Geologically, the age of the unconsolidated deposits ranges from
Pleistocene to Holocene, These sediments are divided into Mojave River
deposits, playa deposits, dune sand, younger alluvium, younger fan deposits,
old lake and lakeshore deposits, older alluvium, older fan deposits, landslide
breccia, Shoemaker Gravel, and the Harold Formation.

The Mojave River deposits and the older alluvium are important to the
analog model because of their water-bearing characteristics, large areal
extent, and relation to ground-water development. The Mojave River deposits
are the most important aquifer and probably the most permeable of any of the
geologic units. The deposits range from 1/4 to 1-1/2 miles wide, accept river
recharge, and yield most of the ground water pumped in the basin. The river
deposits include boulders, gravel, sand, and silt with some clay and are as
much as 200 feet thick, Well yields from these deposits generally range from
100 to 2,000 gpm (gallons per minute) and average about 500 gpm. Wells
drilled in 1970 about 6 miles west of Barstow have been tested at 4,000 gpm.
With proper well construction and development, unusually high yields are
possible in these deposits.
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The older alluvium underlies most of the study area and ranges from a
few inches to about 1,000 feet thick. This unit contains most of the
ground water in storage. The deposits range from unconsolidated to
moderately consolidated and consist of interbedded gravel, sand, silt, and
clay. The deposits are weathered, and some cementation has developed, mostly
in the form of caliche. The yield of wells from these deposits varies
considerably depending on the permeability of the alluvium. For example,
wells near Hesperia and Daggett yield more than 2,000 gpm, whereas, wells
north of Adelanto yield about 25 gpm or less.

The other geologic units are of lesser hydrologic importance in the

model analysis because they are generally above the water table or localized
in the basin.

The Mojave River

About 92 percent of the long-term recharge to the Mojave River basin
originates in the San Bernardino Mountains. Tributary runoff from the San
Gabriel Mountains contributes about 5 percent of basin recharge. The
remaining 3 percent is derived as underflow from adjacent areas. About
80 percent of the total basin recharge is from one source--the Mojave River.
The river has been largely uncontrollable, and the channel is a natural
conduit for moving water toward the lower part of the basin (fig. 4).
Modeling the basin requires an analysis of the surface-water hydrology of the
river in order to better understand the relation between streamflow, water
loss between gaging stations, and recharge to the ground-water aquifer. The
recharge characteristics of the river are difficult to assess and simulate in
the model because of variations in geology and streamflow.

The streamflow in the river is monitored at six sites (fig. 4). Of the
flow that passed The Forks during the period 1931-68, 85 percent stayed in the
basin upstream from Afton. The remaining 15 percent consisted of floodflow
that moved out of the basin past Afton. Floods such as occurred in January
and February 1969 allow much of the potential recharge to flow past Afton
because the aquifer cannot absorb the water fast enough.

Recharge to the aquifer is directly related to availability of water in
the river, Most of the floodflow occurs from November to about March. The
source of this water is precipitation in the San Bernardino Mountains, which
range in altitude from about 3,000 feet above mean sea level to about
8,500 feet. Precipitation at Squirrel Inn (altitude 5,200 feet) averaged
about 40 inches per year for 1910-68 (fig. 5). Higher altitudes in the
mountains have as much as 60-70 inches of rainfall per year. In contrast,
precipitation in the basin at Victorville (altitude 2,800 feet) averaged about
5 inches per year for 1939-68 (fig. 5).
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GEOHYDROLOGY OF THE MODELED ARFA 15

Figure 5 shows the cumulative departure from average precipitation at
Squirrel Imn (1910-68) and at Victorville (1939-68). The long-term record at
Squirrel Inn is of value to the model study because wet and dry climatic
periods can be determined and correlated with streamflow records at The Forks.
Prior to the middle 1920's, the wet and dry periods were about the same
length. An extended dry period, 1924-35, was followed by an equally long wet
period, 1937-46. A dry period extended from 1947 to 1965. Since 1965 data
are inconclusive as to a climatic trend. Rainfall in 1969 was greatly above
average at Squirrel Inn. In 1970 rainfall was below the long—term average.

The relatively short-term precipitation records at Victorville generally
conform to the trend at Squirrel Inn. However, ground-water recharge to the
aquifer as direct infiltration from precipitation is minimal, as shown by
figure 3.

The flow of the Mojave River is extremely complex in the model study
area. The upstream area between The Forks and Helendale is favorably
situated for receiving river recharge. The lower half of the basin receives
its primary recharge from large floods. Structural and geologic features at
three places in the Mojave River channel cause perennial flow at the land
surface. At Victorville a comstriction of shallow bedrock at the upper and
lower narrows (fig. 4) causes water from the aquifer to enter the river
channel for about 15 miles. In the lower basin near Camp Cady, clay deposits
of an ancestral lake obstruct ground-water flow resulting in surface flow.

In Afton Canyon, where the alluvium is less than 50 feet thick and underlain
by bedrock, perennial streamflow is derived from local ground-water discharge.

Streamflow available for recharge can differ greatly each year because of
climatic conditions and river-channel characteristics. The extremes in river
flow were simulated into the model in predicting water-level trends. Figure 4
shows wet and dry periods correlated with the long~term average flow or
recharge conditions.

Recharge or water losses between gaging stations is not uniform because
of differences in floodflow characteristics, location of phreatophytes,
geologic parameters, and antecedent conditions of soil moisture above the
water table. Water losses to the subsurface are much greater during the
first high flow or flood of the winter because the soil is dry after
6-8 months of no flow in the river. After the river bottom has been wetted,
subsequent floods of similar discharge move farther downstream.

Table 1 shows the yearly flow, in acre-feet, of the Mojave River past the
main gaging stations for 1931-68. The progressive loss of water downstream is
considered primarily as recharge to the aquifer. Phreatophyte use, surface
evaporation, and flood outflow account for some of the water losses.

The average inflow at The Forks for 1931-68 was 56,100 acre-feet per
year, and outflow at Afton was about 8,300 acre-feet per year. [Extremes in
streamflow at The Forks ranged from 104,000 acre-feet per year for the wet
period of 1937-46 to 31,000 acre-feet per year for the dry period 1947-64,
Outflow at Afton was about 26,200 acre-feet and 1,000 acre-feet for the
respective periods.



16

ELECTRIC ANALOG MODEL, MOJAVE RIVER BASIN, CALIF.

TABLE 1.--Streamflow in Mojave River at selected stations, 1931-68

(Acre-feet)

€8] (€3] 3) (4) ) 6)
Mojave River
West Fork X . X .
Deep Creek Mojave River The Forks at lower Mojave River Mojave River
Calendar near Hesperia near Hesperia column narrows near at Barstow at Afton
year (10-2605) (10_2650) @ + @) Victorville (10-2625) (10-2630)
(10-2615)
1931 14,620 5,090 19,710 22,400 0 1,270
1932 64,320 32,570 96,890 84,400 37,460 al8,850
1933 15,800 8,290 24,090 23,850 0 al,000
1934 14,730 4,960 19,690 23,610 0 al,000
1935 35,170 16,760 51,930 33,370 1,180 al,100
1936 21,030 7,780 28,810 21,270 0 al,000
1937 109,900 55,150 165,050 150,200 103,900 a54,070
1938 145,000 79,250 224,250 189,300 138,100 a72,200
1939 27,740 7,840 35,580 29,920 550 al,000
1940 30,630 8,460 39,090 28,030 0 al,000
1941 98,360 59,010 157,370 143,000 96,000 a49,900
1942 15,320 5,620 20,940 24,590 101 al,000
1943 95,990 59,020 155,010 128,700 90,980 a47,200
1944 50,390 46,990 97,380 76,770 36,260 alsg,200
1945 51,800 23,010 74,810 56,820 22,270 alo,800
1946 44,000 27,890 71,890 51,550 14,570 a6,720
1947 11,700 7,140 18,840 26,850 701 al,000
1948 10,210 3,120 13,330 25,250 0 al,000
1949 16,540 8,520 25,060 22,270 0 al,000
1950 7,580 2,640 10,220 21,140 0 al,000
1951 7,410 1,180 8,590 21,220 0 al,000
1952 55,010 42,970 97,980 66,790 12,540 a2,190
1953 5,560 1,800 7,360 21,870 0 989
1954 38,670 17,080 55,750 31,790 0 928
1955 11,820 4,780 16,600 21,790 0 893
1956 14,000 2,120 16,120 21,420 0 890
1957 27,630 4,790 32,420 20,670 0 730
1958 94,390 44,440 138,830 98,650 20,070 2,770
1959 14,040 4,700 18,740 21,000 0 604
1960 9,270 226 9,496 18,720 0 718
1961 7,510 586 8,096 20,000 3 608
1962 46,770 15,810 62,580 24,340 732 558
1963 6,280 85 6,365 18,330 0 771
1964 9,780 732 10,512 15,560 1 495
1965 75,090 30,460 105,550 46,760 6,310 4,690
1966 55,850 18,860 74,710 40,240 7,160 5,650
1967 51,440 40,610 92,050 54,650 531 700
1968 13,428 4,796 18,244 17,514 0 202
Average:
1931-68 37,494 18,557 56,051 46,437 15,308 a8,308
Wet period
(1937-46) 66,913 37,224 104,137 87,888 50,273 a26,209
Dry period
(1947-64) 21,898 9,040 30,938 28,758 1,892 al,008
Model period
(1931-65) 37,259 18,311 55,570 47,205 16,440 a8,833

a. Incomplete record--estimated from Barstow station and base flow data at Afton.
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These records were used in distributing recharge to the aquifer in the
analog model simulation. For the model the long-term average flow conditions
in the Mojave River are based on the 1931-65 records. This time interval
represents the longest complete period of record available from The Forks,
Victorville, and Barstow gages at the time the model was constructed. At
The Forks, 13 years exceeded the 35-year average flow. The yearly flow is
variable with the high flows prior to 1931 not included. The model period
represents the historical climatic conditions, with the dry period since 1947
balanced by prior wet years. Because of the variable flow in the river,
extremes were also modeled. Detailed analysis of the river simulation is
described under model verification.

Another hydrologic characteristic of the river is the peak flows derived
from short-term floods. Since 1931 major floods in the river system have
occurred in 1932, 1937, 1938, 1941, 1943-46, 1952, 1958, 1965-66, and 1969.
Table 2 shows the peak flows (1932-69) for the gaging stations in the study
area. The March 1938 flood had the highest peaks, with about twice the peak
discharge of the 1969 floods. As a result of two flood peaks in 1969 and
longer flow duration, more water entered the basin in 1969 than in 1938.
Total inflow at The Forks for the 1938 flood (February-May) was about
172,000 acre-feet and for the 1969 floods (January-May) was nearly
333,000 acre-feet (Hardt, 1969, p. 4).

TABLE 2.--Peak discharges in Mojave River, 1932-69

st _ . Period Drainage Peak discharge

rean-gaging of area (cubic feet per second)
station record (square miles) Date Discharge

Deep Creek near 1904-22 136 2- 9-32 7,900

Hesperia 1929-69 2-14-37 6,800

(10-2605) 3- 2-38 46,600

1-23-43 19,000

11-22-65 21,700

12-29-65 20,800

1-25-69 23,000

2-25-69 18,000

West Fork Mojave 1904-22 74.6 2- 8-32 8,500

River near 1929-69 3-13-37 4,100

Hesperia 3- 2-38 26,100

(10-2610) 1-23-43 23,000

11-22-65 8,420

12-29-65 21,200

1-25-69 13,200

2-25-69 20,000

Mojave River at  1899-1906 514 2- 9-32 12,500

lower narrows 1930-69 2-14-37 8,880

near Victorville 3- 2-38 70,600

(10-2615) 1-23-43 32,000

11-23-65 17,100

12-30-65 32,800

1-25-69 33,800

2-25-69 34,500

Mojave River 1930-69 1,290 2- 9-32 8,300

at Barstow 2-15-37 6,000

(10-2625) 3- 3-38 64,300

1-23-43 26,000

11-23-65 4,600

12-30-65 8,970

1-25-69 29,000

2-25-69 30,000

Mojave River 1929-32 2,120 2-10-32 3,550

at Afton 1952-69 11-23-65 8

(10-2630) 12-31-65 4,150

1-26-69 18,000

2-26-68 16,400
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The Mojave River between The Forks and Victorville has both perennial and
intermittent flow. The streamflow records from 1931-68 show highly irregular
yearly flows, due to floods, at The Forks whereas perennial base flow at
Victorville is fairly uniform. Figure 6 shows the correlation between
base flow at Victorville and the water loss or recharge from The Forks to
Victorville for 1931-68. Water loss is considered as the total flow at
The Forks minus the floodflow past Victorville. Much of this recharged water
reappears in the river 4 miles south of Victorville. In some years the
base flow at Victorville exceeds the inflow at The Forks. Ground-water
discharge from the aquifer makes up the deficit. For example, in the
5=-year period 1947-51, the average inflow at The Forks was 15,200 acre-feet
per yvear, and the flow downstream at Victorville was 23,300 acre-feet per
year. In dry periods the Mojave River is a drain for the upper ground-water
basin. This unique situation is a valuable asset for the future development
of water supplies for Victorville.

Another method of analyzing the streamflow records on the Mojave River
is by double-mass curves of cumulative total flow at The Forks versus
downstream flow or water losses. The curves show the influence of long-term
ground-water pumping, phreatophyte losses, climatic conditions, recharge
characteristics of the aquifer, and other interrelated factors between
stations. All correlations of hydrologic data of the basin=flow system are
useful in preparing an analog model. Usually, the better the hydrology is
defined, the more accurate the working model.

80
EXPLANATION

Water loss (recharge) between The Forks and
Yictorvilie (total flow at The Forks minus
floodflow past Victorvitte)

Base flow at Yictorville
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FIGURE 6.--Flow characteristics in Mojave River between The Forks
and Victorville, 1931-68,
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Figure 7 shows that the line plot of total flow at The Forks versus
Victorville is fairly straight from 1931 to 1964. The slope of this line is
about 0.87, meaning that about 87 percent of all flow at The Forks passed
Victorville for 34 years regardless of any geohydrologic conditions. Since
1964 total flow at Victorville has declined slightly in relation to the flow
at The Forks, as indicated by the decreased slope of the line. The reasons
for this decline are unknown, but it probably reflects the effects of
ground-water development between the two stations. Also, floodflow at
Victorville and total flow at Barstow have decreased since 1946, as shown by
the flattening of these two lines. This time interval coincides with the dry
period shown in figure 5. The slope of the line representing base flow at
Victorville increased after 1946, indicating an increased proportion of
ground water in the total flow at Victorville and less flow at The Forks.
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Boundary Conditions

The general boundary of the model is the demarcation between the
consolidated non-water-bearing rocks of the mountains and the water-bearing
unconsolidated deposits of the alluvial plain. The bedrock forms the boundary
of the area and of the model except for arbitrary boundaries where recharge
enters and discharge leaves the basin. Arbitrary boundaries were required
where bedrock boundaries are missing and where the alluvial sediments extend
beyond the study area. The boundary was chosen so that cause-and-effect
relations (pumpage, recharge) outside the model area would not affect the flow
system inside the model area. Figure 4 shows the boundary and hydrologic
forces on the study area simplified for the model.

The boundary along the front of the western San Bernardino and eastern
San Gabriel Mountains was modeled as a recharge boundary. Ground-water-level
contours from well data indicate that these mountains are a source of recharge
to the basin, primarily from runoff of several minor tributaries. The
arbitrary boundary between the modeled Mojave River basin and E1 Mirage Valley
is neither a recharge nor a discharge boundary because the ground-water
movement in the alluvium from the mountains is parallel to the boundary.
Downgradient the underflow separates because of Shadow Mountain, with part of
the flow moving toward El Mirage Valley and part moving toward the Mojave
River basin.

Lucerne Valley, Buckthorn Wash, Kramer, and Cuddeback (fig. 4) are
recharge boundaries through which underflow in the alluvium enters the Mojave
River basin from outside the model area. Sparse water-level measurements near
Coyote Lake indicate a gradient toward the lake from the surrounding
mountains, and thus, a minor source of recharge. Recharge from Kane Wash is
also minor and occurs only when occasional floodflows enter the basin and
recharge the aquifer locally.

The only external discharging boundary from the model is at Afton.
Bedrock in the narrow Mojave River channel is within 50 feet of the land
surface, and underflow in the alluvium is less than a few hundred acre-feet
per year. Surface-water base flow is mainly ground-water discharge locally
and averages about 1,000 acre-feet per year.

Natural discharging areas within the model boundaries include the
playas of the dry Harper, Coyote, and Troy Lakes.

Within the basin in the unconsolidated water-bearing deposits are other
boundaries—-geologic configurations that affect ground-water flow and must be
considered in modeling. They include faults, anticlines, synclines, and
bedrock highs or lows. The structural features are generally well defined in
the consolidated rocks of the mountains, but usually obscured or covered by
alluvium in the valley.
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The main obstructions to ground-water movement within the basin are
faults that trend northwest-southeast. They are associated with the
San Andreas and Garlock fault systems of southern California. Many faults
have been mapped in the Mojave basin, but of special importance to the model
are the Helendale fault, the Lockhart fault, the Waterman fault, and the
Calico-Newberry fault (figs. 2 and 4).

The Helendale fault extends from the east side of the Kramer Hills,
across the Mojave River, southeastward to the Sidewinder Mountains, and into
Lucerne Valley outside the study area. Ground-water levels in wells adjacent
to the Mojave River near Helendale indicate that the Helendale fault impedes
flow in the older alluvium, but not within the overlying Mojave River
deposits. Most of the pumping and development is in the shallow river
deposits, and ground-water movement is affected little by the fault. In this
part of the basin the underlying older alluvium has a low permeability. The
fault in the older alluvium acts as a barrier and causes water to move upward
to the land surface, which in part accounts for the abundant phreatophytes
upstream from the fault.

The Lockhart fault extends from north of Kramer, southeastward south of
Harper Lake, through Lynx Cat Mountain, into Hinkley Valley, and across the
Mojave River toward Daggett Ridge. This fault impedes the movement of ground
water in the Harper Lake area and in the older alluvium within Hinkley Valley.
The sparse well data in the Harper Lake area for the period prior to
widespread pumping indicate a water table 10-20 feet higher on the southwest
side of the fault. The Lockhart fault does not extend to the land surface in
Hinkley Valley, and some water moves through the alluvial fill over the top
of the fault. Water-level data indicate that on the southwest side of the
fault higher water levels occur with a slight drop of 5-10 feet across
the fault,

The Waterman fault, about 5 miles east of Barstow, cuts across the

narrow part of the valley from the Waterman Hills on the north to the Newberry
Mountains on the south. ©North of the river the fault is exposed in the
consolidated rock<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>