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CONVERSION FACTORS

For this report, the inch-pound system of units was used. For
those readers who may prefer metric units rather than inch-pound units,
the conversion factors for the terms used in this report are listed
below:

Multiply By To obtain
acres 0.4047 km? (square kilometers)
acre-ft (acre-feet) 1233 m3 (cubic meters)
acre-ft/yr (acre-feet per 1233 m3/a (cubic meters
year) per annum)
ft (feet) 0.3048 m (meters)
ft/d (feet per day) 0.3048 m/d (meters per day)
ft2/d (feet squared per day) 0.0929 m2/d (meters squared per day)
ft/mi (feet per mile) 0.1894 m/km (meters per kilometer)
ft/yr (feet per year) 0.3048 m/a (meters per annum)
ft3/s (cubic feet per 0.02832 m3/s (cubic meters per
second) second)
(gal/min)/ft (gallons per 0.01242 m?/min (meters squared
minute per foot) per minute)
gal/min (gallons per minute) 0.003785 m3/min (cubic meters per
minute)
(gal/d)/ft (gallons per day 0.01242 m?/d (meters squared per day)
per foot)
inches 25.4 mm (millimeters)
Mgal/d (million gallons 3785 m3/d (cubic meters
per day) per day)
mi (miles) 1.609 km (kilometers)
mi? (square miles) 2.590 km?2 (square kilometers)
pymho/cm at 25°C (micromhos 1.000 uS/cm at 25°C (microsiemens per
per centimeter at 25° Celsius) centimeter at 25° Celsius)

Degrees Fahrenheit (°F) is converted to degrees Celsius (°C) by using the
formula: Temp °C = (temp °F - 32)/1.8.

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 mean sea level. NGVD
of 1929 is referred to as sea level in text of this report.

Water Year: The water year starts October 1 and ends September 30; it
is designated by the calendar year in which it ends.

Conversion Factors V



A GROUND-WATER-QUALITY MONITORING NETWORK FOR THE

LOWER MOJAVE RIVER VALLEY, CALIFORNIA

By Linda R. Woolfenden

ABSTRACT

A ground-water-quality monitoring network was developed for the
Lower Mojave River valley to define and monitor the ground-water quality
of the entire valley. The network was designed by the U.S. Geological
Survey in cooperation with the California State Water Resources Control
Board.

This report describes factors influencing water quality of the
Lower Mojave River valley such as basin geohydrology, geology, water
quality, and land use. Based on these factors, ground-water-quality
monitoring objectives were developed and used in selecting well locations
for a conceptual ground-water-quality monitoring network. The conceptual
network was used as a guide in the design of the ground-water-quality
monitoring network. Active monitoring sites, wells that are currently
being monitored, were selected whenever possible because of budgetary
constraints. Thirty-three active monitoring sites are included in the
network. In areas where there are no wells being monitored, new well
locations were selected where there may or may not be existing suitable
wells. These new locations are considered proposed monitoring sites.
Wells at one time were known to exist at 65 of these proposed locations
(and still may), however, three of the locations have never had a well,
Drilling is suggested at the proposed locations where there are no
wells.

A review of the objectives after the initial water-quality samples
are collected for the 68 proposed sites would aid in evaluating the
feasibility of the network design. Subsequent reviews could be made
when new water-quality problems arise.

Abstract



INTRODUCTION

The Porter-Cologne Water Quality Act delegates the responsibility
of protecting ground-water quality in the State of California to the
State Water Resources Control Board and the Regional Water Quality
Control Boards. Ground-water-quality monitoring networks for specific
ground-water basins (designated as Priority I basins by the State) would
be helpful to determine existing ground-water quality and to detect
changes in ground-water quality. The Lower Mojave River valley is
designated as one such basin. This report describes a ground-water-
quality monitoring network, including active and proposed sites, for the
Lower Mojave River valley, and the methodology used and factors considered
in the development of the network.

The Lower Mojave River valley is in San Bernardino County about
100 miles northeast of Los Angeles (fig. 1). The valley is a large,
sparsely populated area undergoing growth. Residential and industrial
areas are concentrated in the western part; agriculture is concentrated
in the eastern part of the valley. Ground-water quality is diverse,
ranging from very poor to very good.

Purpose and Scope

This report summarizes the third phase of a three-phase study by
the U.S. Geological Survey in cooperation with the California State
Water Resources Control Board. Phase 1 was a reconnaissance survey of
active ground-water-quality monitoring networks in selected basins.
Phase 2 was a detailed inventory of operating ground-water-quality
networks and individual monitoring sites for each basin. Phase 3, which
is described in this report, is the design for the basinwide ground-
water-quality monitoring networks. The data collected in phase 2 were
used where possible in selecting the monitoring sites for the proposed
network. The purposes of the network are to determine background water-
quality conditions, extent and degree of water-quality change with time,
and impact of land use (pollution sources) on ground water in the Lower
Mojave River valley.

A major part of phase 3 was to collect background data and infor-
mation from published reports. Basin geology, hydrology, land use,
water quality, and pollution sources were studied in order to design
the ground-water-quality monitoring network effectively. This back-
ground information is presented in the report and may be useful for
subsequent revisions of the network.

2 Introduction
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AERroach

Hydrologic conditions, geologic characteristics, water quality, and
land use in the Lower Mojave River valley were reviewed from previous
reports. A conceptual network of wells or sites that should be monitored
was designed without consideration of whether the wells were active or
even existed at the chosen monitoring sites. Budgetary constraints were
not considered. Development of the conceptual network was based on land
use, hydrologic conditions, existing water-quality and water-level data,
and extent and location of ground-water degradation. Data and information
for most of the valley are as old as 25 years. For the Barstow area,
however, current data and information are available.

The conceptual network was used as a guide in selecting monitoring
sites that comprise the network to be implemented. Stringent budgetary
constraints require that only active sites, currently being monitored by
some agency, be used in the network. Few existing sites fit the conceptual
network criteria; hence, other monitoring sites were proposed. A suite
of water-quality constituents for analysis was also developed based on
the factors affecting ground-water quality. A sampling frequency was
also suggested.

A computer search was made for data useful in defining ground-water
quality in the Lower Mojave River valley. One data base searched was
WATSTORE, which contains water-resource data collected by the U.S.
Geological Survey. One retrieval was made listing all wells in the area
having values for specified constituents. A second retrieval was made
screening for those chemical constituents that exceed U.S. Environmental
Protection Agency recommended criteria (National Academy of Sciences,
National Academy of Engineering, 1973). Another search was made in the
U.S. Environmental Protection Agency's STORET data base for information
collected by agencies other than the U.S. Geological Survey. No data
for the Lower Mojave River valley were stored in STORET.

The emphasis of this report was placed on the Lower Mojave River
valley, shown as the phase 2 study area on plate 1. However, Coyote
Lake Valley and Caves Canyon Valley were included (pl. 1) because of two
conditions. First, pumping in the Coyote Lake Valley has created a
gradient toward the lake. Second, Afton Canyon in Caves Canyon Valley
is the only point of outflow from the area, and the ground-water quality
there reflects all influences from upstream conditions.

4 Introduction









Location and General Features

The Lower Mojave River valley (including Coyote Lake Valley and
Caves Canyon Valley) in the Mojave Desert region in the west-central
part of San Bernardino County (pl. 1), is an east-west-trending alluvial
basin covering about 1,200 mi2. Altitudes range from 1,760 feet in the
valley to more than 4,000 feet in the surrounding mountains.

The study area is bounded on the east by the Cady Mountains and on
the southeast by the Pisgah fault, a ground-water barrier. The southwest
boundary is formed by the Lockhart fault which trends northwest and also
forms a ground-water barrier. The northwest boundary is arbitrary and
corresponds to the west edge of T. 10 N. and R. 2 W. The Newberry
Mountains form the south boundary and the north boundary generally
corresponds to the north edge of T. 11 N.

A dominant physical feature of the region is the Mojave River channel,
the major source of recharge to aquifers in the study area. The river
channel originates in the San Bernardino Mountains about 50 miles southwest
of Barstow and ends at Silver Dry Lake, about 60 miles east of Barstow.
Surface-water outflow from the study area is measured at Afton Canyon in
the Cady Mountains.

The main population center in the study area is the city of Barstow;
other communities include Yermo, Daggett, Minneola, Newberry Springs,
and Harvard. The U.S. Marine Corps operates a supply center at Nebo
(near Barstow), with an annex at Yermo, and the U.S. Army has a flight
training center in the Daggett area (formerly a U.S. Marine Corps supply
center). A large railway maintenance yard for the Atchison, Topeka and
Santa Fe is located in the Barstow area. There are numerous manmade
recreational lakes, and agricultural development is scattered throughout
the study area but occurs mostly in the east part. Also, there is a
small airport near Daggett.

The Newberry area is defined as a 130-mi? area bounded by the
Calico Mountains on the north, the west edge of T. 9 and 10 N., R. 2 E.
on the west, the Newberry Mountains on the south, and the Cady Mountains
on the east. This area includes the communities of Daggett, Minneola,
and Newberry Springs. Other locations, such as the Barstow area, refer
to the named community and its immediate vicinity.

Introduction 7



HYDROLOGY

Surface Water

The main source of surface-water flow in the Mojave River is
runoff from the San Bernardino Mountains. Surface-flow contributions
from other stream drainages are inconsequential. Surface-water flow in
the study area is ephemeral except at two points along the Mojave River:
at Camp Cady in T. 10 N., R. 3 E, and Afton Canyon at the extreme northeast
boundary of the study area (pl. 1). At Camp Cady, clay deposits cause
ground water to rise to the surface. Mean annual surface-water flow was
estimated from data obtained from gaging stations at Barstow and Afton.
For the water years 1931 through 1961, mean annual flow at Camp Cady was
determined to be 12,200 acre-ft; 11,300 acre-ft was due to stormflow and
900 acre-ft was because of baseflow which is discharge of ground water
into the river channel (California Department of Water Resources, 1967).

At Afton, a rather thin layer of alluvium overlies bedrock and
constrictions in the cross-sectional area of the water-bearing materials
result in perennial streamflow (California Department of Water Resources,
1967). At Afton, extremes in yearly streamflow ranged from 93 acre-ft
in 1979 to 72,730 acre-ft in 1969. Mean annual outflow for the period
was 6,970 acre-ft, and baseflow was 198 acre-ft (U.S. Geological Survey,
1970, 1971-74, 1974, 1975-80). Table 1 shows the yearly flow, in acre-
feet, for water years 1961 through 1980 at gaging stations at Barstow
and Afton.

Streamflow gaged at Barstow (table 1) consists entirely of storm
runoff from the San Bernardino Mountains. November through March is
generally the wet period and streamflow usually occurs at this time. At
other times of the year the channel is dry. Data from table 1 show that
no flow or minimal flow conditions prevailed for several years at Barstow.
Extremes in annual streamflow ranged from no flow to 146,600 acre-ft,
averaging 17,757 acre-ft for the 20-year period.

In the 1969 and 1978 water years, the Mojave River drainage area
received 2.3 times the mean annual precipitation which resulted in
flooding along the Mojave River. Maximum peak flow at Barstow was
30,000 ft3/s in 1969, and 11,600 ft3/s in 1978. At Afton, maximum peak
flows were 18,000 f£t3/s in 1969, and 6,970 £t3/s in 1978 (Buono and
Lang, 1980).

Considering data from the period 1932-78, average intervals between
discharge peaks were 9 years at Barstow and 15 years at Afton. Maximum
surface-water discharge for the 1969 water year was 71,480 acre-ft at
Barstow, and 31,180 acre-ft at Afton in February 1969. For the 1978
water year, maximum surface-water discharge was 69,950 acre-ft at Barstow
and 26,820 acre-ft at Afton, in March 1978 (Buono and Lang, 1980).

8 Hydrology



TABLE 1. - Streamflow in the Mojave River

at Barstow and Afton, 1961-80

Water year

Streamflow!
(acre-feet)

Barstow Afton

1961 No flow 566
1962 733 539
1963 0.2 751
1964 .8 563
1965 6 668
1966 6,350 4,780
1967 7,690 1,470
1968 1 357
1969 146,600 72,730
1970 No flow 543
1971 do. 360
1972 44 597
1973 .3 310
1974 .42 436
1975 .3 158
1976 1 296
1977 2 898
1978 50,460 46,740
1979 5,560 293
1980 137,700 26,550

Average

1961-80----=cccccuu- 17,757 6,970

1Total of daily means.

2Estimated; gaging station destroyed in 1978

flood.

Hydrology 9



Surface-Water Quality

Stormflow of the Mojave River is primarily of a calcium bicarbonate
type and has a dissolved-solids concentration about 400 mg/L (milligrams
per liter), as compared with most of the ground water. The perennial
streamflow at Afton Canyon is primarily of a sodium bicarbonate chloride
type and is poorer in quality than at upstream locations. Dissolved-
solids concentration was about 900 mg/L in 1962 (California Department
of Water Resources, 1967); the rate of discharge and whether or not the
sample represents only a single sample is not known.

High surface-water discharges along the Mojave River result in
large volumes of ground-water recharge because of the highly permeable
river-channel deposits and large area for recharge. These conditions
could dilute degraded ground water in storage, contribute to better
water quality downstream, and contribute to the downgradient movement of
degraded water whether or not dilution occurs.

Geohydrology

The geology of the study area has been described in previous reports
by Dyer and others (1963), California Department of Water Resources
(1967), Miller (1969), and Hardt (1971). Generally, the basin consists
of consolidated rocks that compose the surrounding mountain ranges and
underlie unconsolidated deposits that compose the lower parts of the
basin. Faults are generally northwest trending and some act as barriers
to ground-water movement (pl. 1). Names for the faults were taken from
a fault map of California published by the California Division of Mines
and Geology (Jennings and others, 1975).

Geologic Formations and their Water-Bearing Characteristics

The consolidated rocks in the study area comprise three groups--the
pre-Tertiary basement complex, Tertiary continental and volcanic deposits,
and Quaternary basalts, The basement complex is composed of granite,
quartz diorite, granodiorite, quartz monzonite, and metamorphosed
sedimentary and volcanic rocks (Dyer and others, 1963). These rocks
yield small amounts (generally less than 5 gal/min) of water to wells
where weathered or fractured.

The Tertiary continental sedimentary deposits are mostly poorly
sorted and impermeable. These deposits consist of conglomerate, sandstone,
siltstone, mudstone, shale, and limestone (Miller, 1969). Soluble materials
such as gypsum and borates occur locally in these rocks—and may contribute
to poor chemical quality of ground water. These rocks are virtually dry,
but where fractured may yield small amounts of water to wells.

10 Hydrology



The Tertiary volcanic rocks and Quaternary basalts are generally

impermeable, but may yield small quantities of water where highly fractured.

The unconsolidated deposits overlie the consolidated rocks and
consist of older alluvium, older fan deposits, river-channel deposits,
younger alluvium, younger fan deposits, playa deposits, lacustrine
deposits, and dune sand. All were deposited during the Quaternary
Period.

The most important aquifers are the older alluvium, river-channel
deposits, and, in some areas, older fan deposits. The older alluvium is
of Pleistocene age and underlies most of the valley. This deposit is
formed mainly of interbedded lenses of clay, silt, sand, and gravel, and
is cemented with caliche in places. Thicknesses range from a few inches
to 1,000 feet (Hardt, 1971). The older alluvium is permeable, extends
below the water table, and yields moderate to large quantities, commonly
200 to 1,000 gal/min, of water to wells. However, wells in the older
alluvium in the Daggett area yield as much as 2,000 gal/min (Hardt,
1971). This alluvium contains most of the ground water in storage
(Hardt, 1971). Water in these deposits is generally suitable for most
purposes, but in places has high concentrations of dissolved solids,
boron, and fluoride.

River-channel deposits of Holocene age consist of fine sand in the
channel and coarse sand on the flood plain, and contain occasional
lenses of clay, gravel, and boulders. River-channel deposits are 0.25
to 1.50 miles wide, as much as 100 feet thick, and are highly permeable
(Hardt, 1971). They yield moderate to large quantities of water, from a
few hundred to more than 1,000 gal/min to wells (Hughes, 1975), and
transmit water to older deposits. River-channel deposits yield most of
the water that is pumped in the Barstow area for municipal and domestic
purposes.

Older fan deposits of Pleistocene age commonly are near the mountain
ranges and consist of gravel with boulders, cobbles, sand, silt, and
clay (Dyer and others, 1963). In some places these deposits are cemented
with caliche (Hardt, 1971). They range from a few inches to more than
800 feet in thickness (Miller, 1969). Where saturated, they yield small
to moderate quantities (5 to 50 gal/min) of water to wells. Older fan
deposits are localized (Barstow area) and contain water that is generally
of poor quality.

Younger alluvium and younger fan deposits of Holocene age consist
of clay, silt, sand, and gravel; the younger fan deposits also contain
abundant boulders. Both deposits are permeable and where saturated,
yield water freely to wells; however, they are mostly above the water
table. Where saturated, younger alluvium generally yields less than
300 gal/min, and younger fan deposits yield from a few to about
1,200 gal/min (California Department of Water Resources, 1967).
Younger alluvium ranges from a few inches to 100 feet in thickness;
younger fan deposits range from a few inches to about 75 feet in
thickness (California Department of Water Resources, 1967). Both
deposits transmit water to deeper units.

Hydrology
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Playa deposits of Holocene age are located in the lowest parts of
the basin. They are as much as 25 feet thick and have low permeability
(California Department of Water Resources, 1967). If saturated, they
may yield small amounts of water that commonly contain high concentrations
of dissolved solids.

Lacustrine deposits of Pleistocene age, consisting of clay, silt,
and sand, are exposed in the Caves Canyon Valley just northeast of
Harvard. These deposits are intermittent throughout the Newberry area
and may result in localized perched ground-water conditions. However,
these deposits are generally below the water table.

Holocene dune sand, generally located near playas and the Mojave
River is porous and permeable, but generally is above the water table
and is not a significant source of ground water.

Geologic sections of consolidated rocks and unconsolidated deposits
are shown on plate 1. Section A-A' is for the Barstow and Yermo areas
and also shows the spring 1966 water table; section B-B' is for the
Newberry area.

Faults

Three major northwest-trending faults and one east-trending fault
(pl. 1) in the study area act as ground-water barriers. The Harper
fault can be traced for several miles north of the Mojave River. South
of the river, however, it is concealed by sediments. The fault acts as
a ground-water barrier in the vicinity of the U.S. Marine Corps Supply
Center at Nebo. In 1965, at the south end of the fault, water levels
were about 50 feet higher on the west side than on the east side of the
fault (Miller, 1969); in 1977 and 1979 (after the 1978 flood) the
differences were 40 feet and 15 feet, respectively (Eccles, 1981).

The Camp Rock fault may also act as a ground-water barrier (Miller,
1969). It trends northwest through the Newberry Mountains to a point
about 4 miles south of Daggett where it is buried by fan deposits. The
fault probably extends farther northwest as indicated by the older fan
deposits which have been uplifted west of the U.S. Marine Corps firing
range.

The Calico fault trends northwest and extends from the Newberry
Mountains to the Calico Mountains. This fault is a barrier to ground-
water movement except along the northwest section from the Mojave River
to a point just east of Yermo. Differences in water levels across the
fault have been as much as 60 feet (Miller, 1969).

12 Hydrology



The Manix fault trends eastward and acts as a ground-water barrier
near Harvard Hill (pl. 1). Differences in water levels across the fault
have been as much as 60 feet (Dyer and others, 1963).

Ground Water

The occurrence and direction of ground-water movement controls to a
large degree the choice of monitoring-site locations. Recharge can
improve or degrade the quality of ground water in storage. Discharge
through evaporation and transpiration may have a negative effect on
ground-water quality.

Occurrence and Movement

Ground water in the Lower Mojave River valley generally moves in a
northeast direction, roughly parallel to the Mojave River. There is no
known ground-water outflow from the study area; however, outflow does
occur from the Lower Mojave River valley to Coyote Lake and Caves Canyon
Valleys. Ground-water inflow from valleys west of the Lower Mojave
River valley occurs near Barstow and in the northwest into Coyote Lake
Valley.

The altitude of water levels in wells and the direction of ground-
water movement as of about 1960 are shown in figure 2. There is an
absence of current water-level data for the Lower Mojave River valley;
hence, measurements taken from 1958-81 were used; the contours are
indicative only of the general direction of ground-water movement. A
few pumping depressions in the study area, notably at the U.S. Marine
Corps Supply Center at Nebo and southeast of Coyote Lake, may impede
ground-water movement in the northeast direction. These depressions are
shallow and cannot be seen in figure 2 because their depth is less than
the 20- and 50-foot contour intervals.

Ground-water levels range from land surface to depths of more than
300 feet but commonly are less than 100 feet below land surface. Water
levels are near the land surface at the community of Newberry Springs,
where the Calico fault acts as a ground-water barrier and causes the
ground water to rise to the surface. Another area where water levels
are at the surface is at Camp Cady, where impermeable layers force
ground water to the surface. Some wells flow at the northwest end of
Coyote Lake, where a confining layer results in artesian pressure.
However, most of the aquifers in the study area are unconfined.

Hydrology
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The Mojave River has an average gradient of 15 to 20 ft/mi throughout
its length, from the base of the San Bernardino Mountains to Soda and
Silver playa lakes 60 miles east of Barstow (San Bernardino County,

1982). In the Lower Mojave River valley the gradient varies. In general,
along the Mojave River channel the ground-water gradient is fairly steep
and ground-water moves at greater velocities than in areas away from the
river where the gradient is flatter. Upstream from the Harper fault,
along the Mojave River channel, the gradient is 10 to 15 ft/mi, whereas
a steeper gradient prevails downstream from the fault (Hughes, 1975).

In the Newberry area, away from the Mojave River channel, the water
table slopes toward the northeast at a gradient of only about 6.8 ft/mi
(San Bernardino County, 1982). From the Yermo area to the Calico fault,
the ground-water gradient is similar to that of the Newberry area. From
the Calico fault to the Cady Mountains along the river channel, the
gradient again steepens, averaging 21 ft/mi (California Department of
Water Resources, 1964).

The average velocity of ground-water flow in the river channel
deposits, starting at the base of the San Bernardino Mountains 60 miles
west of Barstow and ending 60 miles east of Barstow where the river
terminates, is estimated (Thibeault and Saari, 1981) to be 1,000 to
1,500 ft/yr. In the Barstow area, the average velocity of ground-water
flow is estimated to be 360 ft/yr (Hughes, 1975). The velocity is
modified in locations where ground-water movement is affected by geologic
conditions.

In general, transmissivities range from 3,350 ft2/d (25,000 (gal/d)/ft)
to more than 26,800 ft2/d (200,000 (gal/d)/ft) (Hardt, 1971) in the
river-channel deposits of the Mojave River. Away from the river channel,
in the southern part of the basin between Daggett and Newberry Springs,
transmissivities range from 13,400 ft2/d (100,000 (gal/d)/ft) to 20,100 ft2/d
(150,000 (gal/d)/ft). Transmissivities in other areas, away from the river
channel, range from 3,350 ft2/d (25,000 (gal/d)/ft) to 6,700 ft2/d
(50,000 (gal/d)/ft) (Hardt, 1971).

Recharge

Sources of recharge for the Lower Mojave River valley are rainfall,
intermittent streamflow from the surrounding mountains, underflow from
the Middle Mojave River valley, and stormflow in the Mojave River. In
the Barstow area, additional sources of recharge are sewage effluent and
irrigation return.

Infiltration from rainfall and intermittent streams is minor. Mean
annual precipitation for the valley ranges from 4 to 5 inches (Rantz, 1969).
Storms are usually of short duration and the evaporation rate is high.
Runoff from intermittent streams tends to accumulate on impermeable playa
deposits and is evaporated. '
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Recharge from underflow comes from basins upstream along the Mojave
River. The Lower Mojave River valley receives approximately 3,000 acre-
ft/yr from the Middle Mojave River valley at Barstow (Thibeault and
Saari, 1981). Coyote Lake Valley receives an undetermined quantity of
underflow from areas northeast and northwest of the basin.

The major source of recharge in the study area is stormflow in the
Mojave River. The source of stormflow is runoff from precipitation in
the San Bernardino Mountains. The headwaters of the Mojave River are at
an altitude of about 5,200 feet. Average annual precipitation in the
San Bernardino Mountains commonly ranges from 30 to 40 inches, but at
times exceeds 75 inches. In 1969 and 1978, rainfall was much greater
than normal in the San Bernardino Mountains. Ninety-eight inches were
recorded for water year 1969 and 93 inches for 1978 (Buono and Lang,
1980). Peak flows occur between November and March.

Recharge from flow in the Mojave River is evident in two ways.
First, is by the rise in water levels in wells adjacent to the river
channel. This is illustrated by the flooding that occurred along the
Mojave River in 1969 and 1978. In the Barstow area, recharge resulting
from flooding increased water levels as much as 39 feet in one well
(9N/2W-1F2) and 30 feet in another (10N/1W-31L8) during the 1969 water-
year floods. During the 1978 water-year floods, the water levels increased
43 feet in well 10N/1W-31L8 (fig. 3) and 60 feet in well 9N/2W-1F2
(Buono and Lang, 1980). With distance from the river channel, effects
on recharge from flooding decrease, and water levels in many areas are
declining with pumpage (fig. 4). With the exception of the floodflows
in 1969 and in 1978, relatively dry conditions have prevailed since
1948. Water levels have generally declined with development and increased

pumping.

The second way is to determine water loss between the gaging stations
at Barstow and Afton (fig. 2). For the 1969 floods, total discharge
between December and April at Barstow was about 146,000 acre-ft, and at
Afton was about 72,500 acre-ft, indicating that 73,500 acre-ft was lost
between stations. In 1978, total discharge was about 91,300 acre-ft at
Barstow, and 38,000 acre-ft at Afton, indicating a loss of about
53,300 acre-ft (Buono and Lang, 1980).

In the Barstow area, recharge occurs from deep percolation of
sewage effluent water (Hughes, 1975, p. 7 and 8). The main sources of
effluent are the sewage-treatment facilities of the city of Barstow, the
Atchison, Topeka and Santa Fe Railway and the U.S. Marine Corps facilities
at Nebo. Increases in recharge from effluent have been substantial
since 1952. The amount of recharge from the city and railroad facilities
ranged from 640 acre-ft in 1952 to 3,700 acre-ft for the 2-year period
1970-71. The total for the period 1952-71 was 22,840 acre-ft. Effluent
from the U.S. Marine Corps Supply Center ranged from 410 acre-ft in 1952
to 960 acre-ft for the 2-year period 1970-71. The total recharge for
the 1952-71 year period was 8,160 acre-ft (Hughes, 1975).
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High volumes of irrigation return were estimated by Hughes (1975)
in the Barstow area because of the large quantities of water applied to
crops, most of which are planted on highly permeable river-channel
deposits. His estimates for irrigation return for 1952-71 ranged from
320 acre-ft to 2,840 acre-ft annually. The total return for the period
was about 22,940 acre-ft. Dissolved-solids concentrations could be at
least doubled with irrigation return because of leached minerals,
dissolution of fertilizers, and evapotranspiration (Hughes, 1975).

Discharge

Sources of discharge in the study area are evaporation, transpiration,
surface-water outflow, and pumping. Evaporation occurs in places where
ground water is near or at land surface, such as at Coyote and Troy
Lakes, Camp Cady, and Afton. Evaporation also occurs during times of
surface-water flow. Annual evaporation from the Mojave River surface is
about 5 ft/yr because of high air temperatures, low humidity, and wind
action (Hardt, 1971). The total consumptive use by riparian native
vegetation was 11,320 acre-ft/yr for the period 1930 through 1961
(California Department of Water Resources, 1967). The average annual
consumptive use of precipitation by vegetation was 684 acre-ft; average
annual consumptive use of ground water was 10,636 acre-ft/yr (California
Department of Water Resources, 1967).

Surface-water outflow is measured at Afton Canyon, the only point
of outflow from the study area, as discussed earlier in the section on
surface water. Ground water is forced to the surface at Afton Canyon
because the alluvium is only about 50 feet thick and overlies bedrock.
Outflow at Afton for the 1937-46 period was about 26,200 acre-ft/yr, and
for 1947-64 was estimated at 1,000 acre-ft/yr. Data for the 1936-46
period represent a wetter-than-normal period, whereas the data from
1947-64 represent a dry period. Average outflow for 1931-68 was about
8,300 acre-ft/yr (Hardt, 1971).

Ground-water pumpage for the Lower Mojave River valley is estimated
from municipal, military, and industrial data and by indirect methods
for domestic and agricultural uses (Hardt, 1971). The period of record
used was 1951-63 (Hardt, 1971) because recent pumpage was not available.
Pumpage for the period of record ranged from 18,500 acre-ft in 1951, to
46,400 acre-ft in 1963, and averaged about 31,700 acre-ft.

Consumptive use ranged from 8,300 acre-ft in 1951 to 20,600 acre-ft
in 1963, averaging about 14,500 acre-ft (California Department of Water
Resources, 1967). Approximately 46 percent of the water pumped was
consumptively used. Since 1968, the amount of water pumped has probably
increased because of additional development and population.
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For the Barstow area, the net consumptive use of water was calcu-
lated by subtracting the water that returns to the aquifer from the
total amount of water pumped (Hughes, 1975); values for the period
1952 to 1971 ranged from 3,140 acre-ft in 1952 to 13,960 acre-ft in
1970-71. The period total was 108,760 acre-ft and the average value
was 5,180 acre-ft.

Ground-water pumpage in Coyote Lake Valley was about 5,600 acre-ft,
and in Caves Canyon Valley was about 2,860 acre-ft in 1961 (California
Department of Water Resources, 1967).

Storage

The Lower Mojave River valley has a large ground-water storage
capacity, much greater than the average annual water supply. Ground
water in storage is the main water resource in the study area. Storage
capacity refers to the volume of space in water-bearing materials available
for storing ground water, whereas storage refers to the amount of recov-
erable water contained in these materials. The following values for
storage capacity and ground water in storage are related to 1961 water
levels, and are based on average saturated thicknesses ranging from
230 to 275 feet (California Department of Water Resources, 1967). Total
storage capacity for the Lower Mojave River valley was 8,702,000 acre-ft.
The total ground-water storage was 5,636,000 acre-ft (California
Department of Water Resources, 1967).

The change in ground water in storage is based on changes in water
levels over a specific period in time. For the 33-year period 1930-63,
the change in ground water in storage was estimated to be a decrease of
140,000 acre-ft (Hardt, 1971). From 1967 through 1969, ground water in
storage increased by about 25,000 acre-ft (Hardt, 1971). This was
primarily because of the large floods in January and February of 1969.

In general, the amount of ground water in storage increased from 1936-45;
however, in 1945, storage began to decrease (California Department of
Water Resources, 1967).

In the Barstow and Yermo areas, water is stored mainly in the older
alluvium and fan deposits. Development in these areas has reduced the
amount of water in storage. In 1965, the Barstow area had about
300,000 acre-ft of water in storage, and the Yermo area had about
1,600,000 acre-ft in storage (Miller, 1969). In the Barstow area,
between 1946-71, water in storage had declined by about 13,000 acre-ft
(Hughes, 1975). The 1969 flood greatly reduced the rate of decline
during that period.

The storage capacity for the Newberry area is estimated to be
4,035,000 acre-ft and in 1961, ground water in storage was about
76 percent of total capacity (California Department of Water
Resources, 1967).
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Coyote Lake Valley has an estimated 5,913,000 acre-ft of ground
water in storage. Storage capacity in 1961 was estimated to be
7,530,000 acre-ft (California Department of Water Resources, 1967).
Most wells in the valley are abandoned, probably because of high
concentrations of boron and sodium, but a few of these wells are
used for irrigation of alfalfa.

In Caves Canyon Valley, there is about 2,000,000 acre-ft of ground
water in storage. Well yields range between 990 gal/min and 1,900 gal/min
(Koehler and Ballog, 1979). Total storage capacity in 1961 was estimated
to be 4,152,000 acre-ft (California Department of Water Resources, 1967).
Only a few wells along the railroad in the southwestern part of the valley
are being used.

Ground-Water Quality

Ground-water quality in the Lower Mojave River valley is variable.
Dissolved-solids concentrations in wells less than 500 feet deep range
from 196 mg/L near the U.S. Marine Corps Supply Center at Yermo, to
3,310 mg/L near Troy Lake (Page and Moyle, 1960; Dyer and others, 1963;
Hughes and Patridge, 1973). There does not seem to be much water-
quality change with depth. Figure 5 shows distribution of dissolved-
solids concentrations. Data for the Barstow area are recent {December
1981), and reflect the current ground-water conditions in the area.
Data for most of the basin are from California Department of Water
Resources Bulletin 91-10 (Dyer and others, 1963) and may or may not
represent current conditions. Dissolved-solids concentrations greater
than 1,500 mg/L are shown individually at the sampled sites.

Chemical Characteristics

Four general types of ground water occur in the study area. The
first type is predominantly sodium bicarbonate or calcium bicarbonate.
Water of this type is common in a large part of the study area, including
the city of Yermo and vicinity, most of the Newberry area, southeast of
Newberry Springs, and in Caves Canyon Valley. The primary source of
recharge to the Newberry and Yermo areas is stormflow in the Mojave
River (predominantly calcium bicarbonate), and the mineral constituents
are derived from the granitic rocks in the San Bernardino Mountains
(California Department of Water Resources, 1967). As the water from the
river moves underground the amount of sodium increases because of an ion
exchange with clay in the water-bearing sediments (California Department
of Water Resources, 1967). Concentrations of sodium range from 35 mg/L
to 488 mg/L; bicarbonate concentrations range from 105 mg/L to 710 mg/L.
Dissolved-solids concentrations average 300 mg/L (fig. 5). Caves Canyon
Valley has water of sodium calcium bicarbonate type and generally contains
a high concentration of sodium owing to evaporation of perennial surface-
water flow at Camp Cady and Afton. Dissolved-solids concentrations are
as high as 1,200 mg/L and average 904 mg/L (California Department of
Water Resources, 1964).

Hydrology 21



EXPLANATION
 STUDY AREA BOUNDARY--Generally cor-

responds to surface-water drainage divide

ws PHASE 2 BOUNDARY--Area of intensive study

R.Z E-,11604’

= meee FAULT-~Dashed where approximately located,
dotted where concealed
MOJAVE RIVER
—t— —_ Ephemeral flow
Perennial flow

—300-- LINE OF EQUAL DISSOLVED-SOLIDS CON- . .
CENTRATION--Dashed where approximately 4 ;;Lake
located. Contour interval variable, in mil- T. 11 N. 2403 (Dr)f} :

ligrams per liter

. ®
.2240 WELL--Number indicates dissolved-solids ‘ .] 790 Oo\
concentration, in milligrams per liter .]?(SE \
R. 2 W, COYOTE LA /

1700

Rn ]
[]I

|

T. 10 N}

Marine . }
Corps e ,4( $$ e
Supply Center YERMQ — NG W
—(Yermo area) —- - - N (@] %r

T.9 N,

Supply Center
(Nebo area)

2100

. il

NEWBERRY
SPRINGS

T.8 N.

34°45' —

T.7 N

72

\ l

FIGURE 5.--Dissolved-~solids concentration based on data from 1953 - 1981,
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The second type of water is characterized by sodium as the major
cation and sulfate as the major anion. This water is typical at the
community of Daggett and vicinity and east of Minneola. Sodium sulfate
type water with some high concentrations of calcium is typical at Coyote
Lake (California Department of Water Resources, 1967). The sulfate ion
generally occurs where there is little recharge or ground-water movement,
or where there is a predominance of older alluvium having source rocks
that include Tertiary sediments (California Department of Water Resources,
1967), as at Daggett and east of Minneola. Sodium concentrations in
this water range from 106 to 522 mg/L, and sulfate concentrations range
from 200 to more than 300 mg/L. The average dissolved-solids concentration
is relatively high, about 700 mg/L (fig. 5), and several wells in these
areas have dissolved-solids concentrations that exceed 1,500 mg/L.
Dissolved-solids concentrations increase toward the south and east sides
of Coyote Lake to values exceeding 2,000 mg/L., Near the Coyote Lake
Valley and Lower Mojave River valley boundary, dissolved-solids
concentrations range from 300 to 500 mg/L (fig. 5), and water becomes
more sodium sulfate in type (California Department of Water Resources,
1967).

The third type of water is sodium calcium chloride and occurs in
the fine-grained playa deposits of Troy Lake (California Department of
Water Resources, 1967). Sodium concentrations in this water type range
from 66 to 502 mg/L and calcium from 3 to 553 mg/L. Chloride concentrations
range from 44 to 990 mg/L. Dissolved-solids concentrations range from
300 to more than 3,000 mg/L (fig. 5).

The fourth type of water is mixed in composition; major cations are
sodium and calcium; major anions are bicarbonate and sulfate. All are
of fairly equivalent concentrations. Water of this type is common in
the Barstow area and at the U.S. Marine Corps Supply Center at Nebo.

The mixed composition of the ground water is caused by the sources of
recharge, which is of variable chemical composition. Dissolved-solids
concentrations range from 279 to 2,240 mg/L (fig. S5). Water in this

area was a sodium bicarbonate type in 1967 (California Department of

Water Resources, 1967); however, development of the area probably increased
the diversity of the chemical composition of the ground water. Typical
analyses of water from selected areas according to type of water are

given in table 2.

24 Hydrology



Ground-Water Degradation

Locations of selected wells yielding water having constituents that
exceed U.S. Environmental Protection Agency recommended criteria for
drinking and irrigation waters (National Academy of Sciences, National
Academy of Engineering, 1973). The water quality in area A (fig. 6),
which includes the city of Barstow and the U.S. Marine Corps Supply
Center at Nebo, is represented by the quality of water in the wells
shown. Table 3 shows the chemical constituents that exceed U.S.
Environmental Protection Agency recommended criteria for each well
located in figure 6. Because there are no current, consistent water-
quality data for the entire study area, analyses made from 1952 to 1981
were used.

In general, poor quality water is localized in the Barstow area, at
Daggett and Minneola, and east of Newberry Springs. However, the water
in several isolated wells throughout the rest of the area has constituent

concentrations greater than U.S. Environmental Protection Agency criteria.

Ground water in the Barstow area has been subjected to degradation
from wastewater discharge and irrigation return for the past 60 years.
Problems have included high dissolved-solids concentrations, odor, and
dissolved organic carbon (DOC) which indicates the presence of various
organic compounds. Other problem constituents include chloride, phenols,
and methylene blue active substances (MBAS) which indicate foaming
agents in ground water (Hughes, 1975). In places, ground water in the
Barstow area contains excessive boron, nitrate, chloride, sodium,
manganese, and iron (table 3).

There are two major plumes of degraded water in the alluvial aquifer
near Barstow. Figure 7 shows the distribution of DOC concentrations
greater than 2.0 mg/L in ground water in 1977. This gives an indication
of the areal extent of degradation from the plumes. The older plume
resulted from percolation of wastewater from the old waste-treatment
ponds shown on plate 2. The more recent plume, which overlies the older
one, was caused by city and railroad waste disposal since 1968 (pl. 2).
Recharge from the flood of 1978 contributed to a minor decrease in odor
and the concentration of dissolved constituents in the ground water;
however, during 1977-78 the degraded water spread (Eccles, 1981). Both
plumes of degraded water have moved downgradient since 1912, shortly
after the Santa Fe railway first began discharging waste. By 1972 the
leading edge of the older plume had moved approximately 4.5 miles
downgradient (Hughes, 1975). The original point of waste disposal in
1912 was at the site of the first waste-treatment plant for Barstow
(abandoned in 1953) shown on plate 2. Using the velocity of about
1.0 ft/d (Hughes determined this velocity by comparing the location of
the plume in 1972 with past records), the leading edge of the plume
should presently be located approximately 0.7 mile farther downgradient.
Pumping from the five wells that supplied the U.S. Marine Corps Supply
Center at Nebo (pl. 2) was greatly curtailed in 1977 because of
deteriorating water quality (Eccles, 1981).
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TABLE 2. - Typical analyses of ground water from

[All constituents in milligrams per liter except

Type of Specific Calcium Magnesium  Sodium
water Location conductance (Ca) (Mg) (Na)
Sodium Marine Corps supply -- 39 7 55
bicarbonate. center, Yermo.
Do. Newberry area ~-- 41 4 84
Do. Southeast of 653 12 6 126
Newberry Springs.
Sodium Daggett area 1,230 58 6 190
sulfate.
Do. East of Minneola 1,680 125 29 208
Do. Coyote Lake 1,180 23 15 219
Sodium, Troy Lake 1,360 63 6 210
calcium,
chloride.
Mixed Barstow area 1,340 160 29 110
Do. Marine Corps supply 1,520 110 24 190

center, Nebo.

lpetection level of dissolved nitrate.
2Sum of constituents.
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selected areas in the Lower Mojave River valley

specific conductance in micromhos per centimeter at 25°C]

Potassium Bicarbonate Sulfate Chloride Nitrate Dissolved Boron

(X) (HCO3) (S0y) (c1) (NO3) solids (B)
2.5 171 45 42 3.50 351 0.23
1.6 163 70 62 4.00 380 -
2.5 184 99 56 . 05 426 1.0
5.4 111 360 77 5.70 818 3.2
5.8 200 410 178 4.50 1,140 .8
.7 143 211 166 2.50 691 .72
1.0 172 122 254 1.00 802 .48
4.7 300 360 85 - 846 .37
3.7 300 240 170 4.10 2931 .9
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TABLE 3. - Constituents in water from selected wells that

drinking and

[All constituents in

Site No. State well No Sodium Sulfate Chloride Fluoride
(fig. 6) ) (Na) (S0y4) (C1) (F)
U.S. Environmental Protection
Agency recommended limitsl------- 2250 250 250 31.8
1 9N/ 2W-3D1 - — - —
2 9N/2W-10B1 -- 311 -- 4.0
3 10N/ 2W-30N1 - - - —
4 10N/ 2W-33Q1 - - — —
5° 9N/ 1W-3N1 300 770 - -
6° ON/1W-4K2 -- 440 - -
75 9N/1W-4M1 -- 320 - --
8> 9N/1W-5A1 - - - -
9> 9N/ 1W-5J3 317 423 261 3.4
10° 9N/1W-9G3 390 820 310 --
11° 9N/ 1W-9H5 -- 300 330 --
12° 9N/1W-11Q1 -- 260 280 --
13° 9N/1W-11R2 - - - _
14° 9N/1W-13El - 278 - -
15 10N/1W-32A2 - — — —
16° 10N/1W-32F2 330 746 - 3.0
17° 10N/1W-32J1 -- 340 -- -
18 ON/1E-4J1 - - - -
19 9N/1E-4R1 - - - _
20 9N/1E-10L1 - - - —
21 9N/ 1E-6H1 380 424 - -
227 9N/1E-13E2 - - - -
23° ON/1E-19J3 260 420 -- 2.5
247 9N/1E-20B1 522 1,080 -- --
257 9N/1E-22D1 - - — —
26 9N/ 2E-18E1 -- - - _
27 ON/2E-19E1 -- - - _
28 9N/ 2E-25M1 -- 410 - —
29 9N/ 2E-25M2 405 840 312 -
30 9N/ 2E-26E2 410 822 392 -
31 9N/ 3E-10Q2 255 372 -- --
32 9N/3E-13P1 - - 289 -
33 9N/ 3E-18M1 - - - -
34 9N/ 3E-18M2 339 261 - .
35 8N/ 3E-1K1 488 432 400 4.0

See footnotes at end of table.
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exceed U.S. Envirommental Protection Agency recommended criteria for

irrigation waters

milligrams per liter]

D}ssolveé Nitrate Boron Iron Manganese Mercury Phenols Methyle?e
solids residue (NO N (B) (Fe) M H blue active
at 180°C 3 as N) © (Mn) (Hg) substance
1,000 10 41.0 0.3 0.05 0.002 0.001 0.5
- 11 - - - - - -
- 33 - - - - - -
- 16 - - — _ - -
1,810 14 -- -- 0.07 -- -- --
1,280 -- -- -- - -- -- -
-- -- 1.2 1.1 -- -- 0.002 -
-- - 1.6 -- .29 -- .005 --
1,280 12 2.5 - - - .02 -
2,120 11 3.0 1.2 .05 - -- 1.0
1,140 -- 1.0 83 -- 60.02 .005 .58
1,180 - 1.0 - - - .001 -
-- -- -- 2.0 091 -- .001 .50
- 17 1.1 3.2 - - - -
- 21 - - - - - --
1,710 - - - - - - -
- 15 - - - - - -
- -- 1.0 -- -- - -- --
- 12 - - - - - -
-- -- -- -- .07 - - -
1,230 -- 6.6 -- -- - -- -
- 22 — - - - - -
1,110 16 6.5 -- -- - .2 --
2,010 - 27 -~ -- -- - --
- 28 1.0 -- -- - -- -
-- 12 -- 1.0 -- -- -- --
- 16 - - - - - -
1,140 - - -- - -- - -
2,100 - 4.5 -- - - -- -
2,190 17 4.2 -- -- - -- --
1,240 30 1.3 2.9 -- - - --
1,030 - - -- -- -- - --
- 17 - - - - - -
1,220 11 - - - - -- -
1,630 - 5.6 -- -- - - --
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TABLE 3. - Constituents in water from selected wells that

drinking and
Site No. Sodium Sulfate Chloride Fluoride
(fig. 6) State well No. (Na) (S04,) (C1) (F)
U.S. Environmental Protection

Agency recommended limitsl------- 2250 250 250 31.8
36 8N/ 3E-2R1 - 544 705 -
37 8N/3E-2R2 - - - 2.2
38 8N/4E-7B3 - 454 - -
39 8N/4E-12L1 341 369 289 8.0
40 9N/4E-8D1 396 -- 254 --
41 9N/4E-17N1 484 1,370 565 -—-
42 9N/4E-28H1 346 -- -- 11
43 9N/ SE-8K1 480 405 320 4.2
44 10N/ 3E-6A1 282 - - 3.5
45 10N/ 3E-6H1 -- - -- --
46 10N/ 3E-7F1 -- - -- --
47 10N/4E-4E1 - -- -- 8.1
48 10N/4E-5M1 290 - - 4.4
49 11N/ 2E-8K2 272 267 276 --
50 1IN/ 2E-22N1 650 698 266 7.8
51 11N/3E-11R1 500 - 267 --
52 11N/4E-36E1l 930 710 790 11
53 1IN/5E-11N1 391 518 -- -
54 11N/5E-15G1 -- -- - 2.7
55 11N/5E-16J1 -- - - 4.0
56 11N/6E-18R1 359 -- - .
57 12N/2E-31A1 - 296 - 3.2
58 12N/ 2E-32K1 - 310 -- 4.5
59 12N/ 2E-33D2 -- 291 -- 4.0

lRecommended limits given in National Academy of Sciences, National
Academy of Engineering, (1973).

’Recommended limit for individuals with moderate sodium-restricted
diets.

3Based on an average air temperature of 68.5°F for the period
1971-81.

“Recommended limit for irrigation of semitolerant plants.
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Ground water at Daggett may have excessive concentrations of manganese,
sodium, fluoride, sulfate, nitrate, boron, dissolved solids, and phenols
(table 3). The Minneola area has the same problem constituents as
Daggett, with the exception of fluoride and manganese, and the addition
of chloride (table 3). In general, east of Newberry Springs, high
concentrations of sodium, sulfate, chloride, fluoride, boron, and dissolved
solids prevail. Constituents such as manganese, fluoride, boron, sulfate,
and sodium may occur naturally in ground water in these areas because of
the dissolution of minerals containing these constituents. Nitrate also
can occur naturally from decomposition of plants native to the desert
(Hem, 1970).

Fluoride-bearing minerals in the study area are generally associated
with fault zones. Constituents such as nitrate, sulfate, boron, and
phenols, may occur in ground water because of such manmade factors as
domestic wastes and application of fertilizers, both of which occur at
Daggett, near Minneola, and east of Newberry Springs.

Isolated wells with water having high concentrations of one or more
chemical constituents are located throughout the stu<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>