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CONVERSION FACTORS AND VERTICAL DATUM

Conversion Factors

Multiply By To obtain
Flow
cubic foot per second (ft3/s) 0.0283 cubic meter per second
foot per second (ft/s) 0.3048 meter per second
Area
acre 0.4047 hectare
square foot (ftz) 0.0929 square meter
square mile (mi?) 2.590 square kilometer
Length
foot (ft) 0.3048 meter
inch (in.) 25.40 millimeter
mile (mi) 1.609 kilometer

Vertical Datum

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of

1929.
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Potential Overflow Of Mojave Creek Near Disposal
Site, Edwards Air Force Base, California

By Randal L. Dinehart and Jerry G. Harmon

ABSTRACT

Sedimentological evidence in Mojave Creek
near Edwards, California, indicates that the largest
discharge in the last hundred years near the dis-
posal site of the Main Base Landfill at Edwards Air
Force Base was a few hundred cubic feet per sec-
ond. The distal ends of two alluvial fans on the
Mojave Creek floodplain near the Main Base
Landfill have not been eroded substantially since
sediment supply was cut off by a railroad grade
completed in 1884. Previous estimates of flood
discharges were 4,000 cubic feet per second and
larger in this reach; the estimates were calculated
by regression equations derived from regional
characteristics. However, a 100-year rainfall in
1983 failed to produce erosion in Mojave Creek
commensurate with discharges of greater than
about 100 cubic feet per second. To test the poten-
tial for the creek to overflow and reach the disposal
site, a hypothetical discharge was used to deter-
mine the depth of flooding at local cross sections.
Although the access road from Mojave Boulevard
to the Main Base Landfill may be inundated during
a flood, the artificial grade at the disposal site
would not be reached at a discharge of 2,000 cubic
feet per second, which is an order of magnitude
greater than the apparent flood discharges that
occurred during the past hundred years in Mojave
Creek near the present Main Base Landfill.

INTRODUCTION

The best documentation of floods in a stream val-
ley lies in the discharge records of past floods as mea-
sured by hydrographers. Where no discharge records
exist, the valley can be examined for sedimentological
evidence of flooding. In addition, regression statistics
for streams in similar watersheds can be applied to the
stream in question. Finally, the hydraulic capacity of
the stream can be calculated for a flood discharge
related to the local channel conditions.

Mojave Creek is an ephemeral stream near
Edwards Air Force Base (AFB), California (fig. 1),
with a drainage area of 182 mi? and a poorly defined
channel for which no discharge measurements have
been made. Managers at Edwards AFB expressed con-
cern to the U.S. Geological Survey (USGS) about the
possibility of flooding near the disposal site of the Main
Base Landfill above Mojave Creek. Therefore, the
potential for overflow of Mojave Creek near the Main
Base Landfill was studied, in cooperation with the U.S.
Department of the Air Force, primarily by examining
sedimentological features and local hydraulic and
hydrologic information. The study also included calcu-
lation of a water-surface profile for a hypothetical flood
discharge.

Waste-discharge requirements set forth by the
California Regional Water Quality Board in 1992
(Earth Technology, 1993) for the Main Base Landfill
stipulated that

The disposal site shall be adequately protected
against inundation and/or washout from a
storm or flood having a recurrence interval of
once in 100 years...

Introduction 1
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Because the stipulation involved a flood defined
by recurrence interval, the potential for overflow was
investigated with reference to published flood bound-
aries drawn for a 100-year flood (GRW Engineers,
1993). The published flood boundaries had been
mapped for studies of Mojave Creek near the Main
Base using 100-year flood discharges derived from a
combination of regional characteristics, statistics, and
watershed simulation. A consulting firm (GRW Engi-
neers, 1993) and the U.S. Army Corps of Engineers
(GRW Engineers, 1993) both derived flood discharges
for Mojave Creek greater than 4,000 ft*/s at Forbes
Avenue near the Main Base Landfill.

Purpose and Scope

The purpose of this report is to describe the
potential for flooding from the Mojave Creek channel
to reach the Main Base Landfill northwest of Edwards,
California. This study examined sedimentological fea-
tures to determine flood magnitude at this site. The
scope of this report is limited to the presentation of
local hydrologic information and the calculation of a
water-surface profile for a hypothetical flood discharge
in the reach of Mojave Creek near the Main Base Land-
fill.

Description of Study Area

Edwards AFB is located in the Antelope Valley
of south central California and occupies about 470 mi2,
with the main military installation at the west side of
Rogers Lake (fig. 1). Antelope Valley is bordered on the
southwest by the San Gabriel Mountains and on the
northwest by the Tehachapi Mountains. The V-shaped
mountain border inhibits the passage of moist Pacific
Ocean air to the Antelope Valley. Rainfall is sparse and
widely scattered in the Antelope Valley. Average annual
rainfall at Edwards AFB near Rogers Lake for the years
1942-95 was 5.04 in. (Phillip Harvey, U.S. Air Force,
written commun., 1996).

The Main Base Landfill serves Edwards AFB by
providing trash compaction for local burial at the dis-
posal site on a low hill above Mojave Creek (fig. 2).
The Main Base Landfill has an area of 125 acres sur-
rounded by a fence on a hill to the northeast of Mojave
Creek. Borrow pits for the disposal site are located in a
separate area (600 x 3,000 ft) between lines of power
poles to the southwest of Mojave Creek. The name

Mojave Creek (known locally as Cache Creek) refers to
the ephemeral stream that flows to the town of
Edwards, California, from the stream valley north of
Bissell Hills (fig. 1). Downstream from the Main Base
Landfill, storm runoff flows within a depression along
the south side of Mojave Boulevard toward Forbes
Avenue. Storm runoff passes through a culvert under
Forbes Avenue and continues along a storm-drainage
channel on the north side of Mojave Boulevard.

Topographic maps indicate that the drainage
basin for Mojave Creek extends from the town of
Mojave to Rogers Lake. The drainage area is about 182
mi?, most of which is upstream from Forbes Avenue. At
the time of this study (1996), the main development in
the watershed upstream from Forbes Avenue was the
Main Base Landfill. About 10 mi? of urbanized, sloped
land produces storm runoff to Mojave Creek down-
stream from Forbes Avenue.

Daily rainfall records for Edwards AFB show
that the largest rainfall for 24-hour periods between
1942 and 1995 ranged from 1 to 1.5 in. (Phillip Harvey,
U.S. Air Force, written commun., 1996). Localized
cloudbursts with high rainfall intensity, but smaller
totals can occur in summer. Widespread rain occurs
most often in the winter months, and is usually associ-
ated with the largest rainfall amounts. Even with
intense rainfall, hydrologic response of Mojave Creek
is slow. The high infiltration capacity of the drainage
basin delays the onset of stormflow. Soils beneath the
floodplain adjacent to the Main Base Landfill are grav-
elly sands of decomposed granite. Borehole logs show
that alluvial sand of Holocene age near the base of the
disposal site extends to a depth of 40 ft (Earth Technol-
ogy, 1993).

EVIDENCE OF FLOOD MAGNITUDE IN MOJAVE
CREEK

To locate physical evidence of flood magnitude,
USGS hydrologists inspected several miles along
Mojave Creek during December 1995 and January
1996. This section presents sedimentological evidence
observed on the ground and in aerial photographs, fol-
lowed by hydraulic and hydrologic information gath-
ered in the area.

Evidence of Flood Magnitude in Mojave Creek 3





















Local hydrologic information tends to support
the conclusion that flood discharges do not inundate the
width of the low-lying area near the Main Base Land-
fill. At Edwards AFB, a total of 3.38 in. of rain fell on
March 1, 1983, with a calculated recurrence interval
greater than 100 years (Blodgett, 1996). Sedimentary
deposits of the flood discharge resulting from this
storm were preserved in the arid environment. The far-
thest extent of the wide, thin layer of cracked mud (fig.
4) probably was left by water that ponded on the flood-
plain following the 1983 storm, and the high-water
marks from ponding above the railroad culvert were
probably associated with that same storm.

During March 1995, a few storms over a 14-day
period resulted in a rainfall total of 0.88 in. at the Main
Base. The manager at the landfill stated that storm run-
off from the paved area of the disposal site was con-
tained by a culvert outside the weigh station at the
landfill and was passed to the floodplain below, where
the water ponded. He did not recall any flow in the
Mojave Creek floodplain. If average rains in March
1995 did not produce a noticeable flow, then the capac-
ity of the drainage basin for infiltration must be high, as
noted by Robert Lichvar (U.S. Army Corps of Engi-
neers, Waterways Experimental Station, oral commun.,
1995).

A storm occurred at Edwards AFB on February
20-21, 1996, with total rainfall of 0.90 in. for a period
of 24 hours. The rainfall total for the 24-hour period
corresponds to an approximate 10-year recurrence
interval (Blodgett, 1996). Three crest-stage gage sites
on Mojave Creek (maintained by USGS for Edwards
AFB) were checked on February 29, 1996. The crest-
stage gage at the upstream corner of Lancaster Boule-
vard and Rosamond Boulevard showed a flood mark
indicating recent flow in the channel. The channel in
the culvert on Mojave Creek that passes under Forbes
Avenue also showed marks that indicated recent flow.
However, the crest-stage gage on the main channel of
Mojave Creek, about 0.5 mi upstream from the Main
Base Landfill, showed no flood marks from recent flow.
During the February 1996 storm, flow in the Mojave
Creek was not measurable in the main channel
upstream from the Main Base Landfill but was measur-
able at Forbes Avenue, which is downstream from
developed areas of the town of Edwards. This indicates
that flow probably infiltrated completely before reach-
ing the landfill, and the flow in the channel at Forbes
Avenue resulted from local runoff.

FLOOD DISCHARGES FROM REGIONAL CHARAC-
TERISTICS

Statistical data and analytical procedures were
combined in previous studies to derive flood discharges
for Mojave Creek without the benefit of local field data
or discharge records (GRW Engineers, 1993). The
techniques that apply regional characteristics (includ-
ing drainage area, elevation, and soil properties) in
regression equations are well-established and often are
necessary to estimate discharge for ungaged streams
(Thomas and others, 1994). However, the techniques
yielded flood discharges for Mojave Creek above
Forbes Avenue that are difficult to reconcile with the
direct evidence of flood magnitude in Mojave Creek
near the Main Base Landfill.

GRW Engineers (1993), using data curves sug-
gested by the U.S. Corps of Engineers and the County
of San Bernadino, developed a semi-analytical method
to obtain an estimated 200-year flood discharge for
Mojave Creek of 4,000 ft3/s. An independent calcula-
tion by the U.S. Corps of Engineers yielded a 100-year
flood discharge at Mojave Creek at Forbes Avenue of
5,350 ft*/s (GRW Engineers, 1993).

To assess the accuracy and the relative magni-
tude of these previous estimates, other flood-frequency
equations were applied to Mojave Creek for the present
study. Regional flood-frequency equations, compiled
by Thomas and others (1994) for the Southwestern
United States, were applied to Mojave Creek. The
equations relate discharges of various recurrence inter-
vals to the drainage area through the form Q = cAP,
where A is drainage area and the values of b and ¢ were
determined by linear regression of values of Q and A
for similar watersheds in the southwest (Thomas and
others, 1994).

Use of the regional flood-frequency equation for
the Southern Great Basin Region 10 (Thomas and oth-
ers, 1994) was recommended by Robert Meyer (U.S.
Geological Survey, written commun., 1996). The rec-
ommended least-squares regression equation from
Thomas and others (1994), Q = 850 A%, gives a 100-
year flood discharge Q of 30,800 ft3/s for the drainage
area A of 182 mi2. This equation was developed from
data for watersheds with intermittent streams and visi-
ble floodplains. Using the regression equation for more
arid conditions of south-central Utah, Q = 264 A%3%4,
the 100-year flood discharge Q becomes 1,580 ft3/s for
the same drainage area A.

Each of these regression equations results in a
discharge estimate of thousands of cubic feet per sec-

10 Potential Overflow of Mojave Creek near Disposal Site, Edwards Air Force Base, California



ond. Peak discharges determined from direct evidence
near the Main Base Landfill are in the hundreds of
cubic feet per second. Although regression values for
discharge and drainage area probably include a few
watersheds similar to Mojave Creek, the generalized
regression equation may not provide a 100-year flood
discharge representative of Mojave Creek.

WATER-SURFACE PROFILES IN FLOODPLAIN
NEAR MAIN BASE LANDFILL

Flood boundaries for Mojave Creek above
Forbes Avenue were determined by GRW Engineers
(1993). They routed an estimated flood discharge
through cross sections of Mojave Creek using a pro-
gram to compute water-surface profiles by the standard
step method (Henderson, 1966), also known as the
step-backwater method. The boundaries were estab-
lished using hydraulic calculations from cross sections
in the reach upstream and downstream from the Main
Base Landfill. The cross sections shown by GRW Engi-
neers (1993) were several thousand feet apart and did
not include the topography at the landfill. The pub-
lished flood maps showed the disposal site outside the
flood boundaries.

For the USGS study, four cross sections (figs. 8
and 9) were surveyed on the floodplain for Mojave
Creek southwest of the Main Base Landfill on January
12, 1996. The cross sections between Mojave Boule-
vard, the access road, and the borrow area were sur-
veyed on January 30, 1996. Surveyed features included
the railroad grade, which rises above the floodplain by
2 ft; the center line of the unpaved Mojave Road; and
the chain-link fence that intersects the floodplain below
the culvert draining the asphalt pavement at the Main
Base Landfill.

Cross-section locations were selected by judging
the likely flow path between the Main Base Landfill

and the unpaved Mojave Road. The floodplain adjacent
to the Main Base Landfill had been cleared of vegeta-
tion by heavy equipment sometime prior to the survey.
At the northwest side of the cleared area, the small
channels that cross the floodplain are intersected by the
chain-link fence that surrounds the Main Base Landfill.
The channels then turn south toward the access road
that connects to Mojave Boulevard (fig. 2).

If the water surface in Mojave Creek were to
approach the artificial grade on the southwestern side
of the disposal site, the railroad grade and the artificial
grade below the disposal site would control the flow
width as depth increased. The flow width between the
railroad grade and the Main Base Landfill boundary
decreases downvalley toward the access road. Near the
borrow area, the railroad grade merges with the sur-
rounding land surface and ceases to control the flow
width. Flow would continue through the open area
south of Mojave Boulevard toward Forbes Avenue.

Although physical evidence was found for flood
discharges of a few hundred cubic feet per second in
the floodplain, a discharge that is an order of magnitude
greater was used to test whether larger flows would
reach the disposal site. A hypothetical discharge of
2,000 ft3/s was applied through the standard-step
method for flow profiles using the surveyed cross sec-
tions of the floodplain adjacent to the Main Base Land-
fill. A hypothetical discharge of 2,000 ft3/s was chosen
because its magnitude was identified by the regression
equation for arid watersheds (Thomas and others,
1994) as the 100-year flood discharge for the given
drainage area. Cross-sectional geometry and location
were determined from the cross-sectional surveys.
Water-surface elevations for the hypothetical discharge
were calculated by the standard-step program WSPRO
(Water Surface PROfile). The calculated water-surface
elevations are lower than the asphalt pavement inside
the Main Base Landfill. Some results from the WSPRO
computation for 2,000 ft>/s are given in table 1.

Table 1. Water-surface elevations computed using standard-step method for Mojave Creek near the Main Base Landfill,

Edwards Air Force Base, California

Cossscton Moo R e o grou saon
in feet in feet in feet in feet
1 2,381.5 2,382.2 2,385.6 2,390.0
2 2,380.7 2,380.6 2,388.4 2,390.0
3 2,379.8 2,380.0 2,384.1 2,390.0
4 2,379.4 2,380.0 2,380.4 2,390.0

Water-Surface Profiles In Floodplan near Main Base Landfill
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The water-surface elevations for the hypothetical
discharge would be very near or at the top of the rail-
road grade. However, at the railroad grade across from
the Main Base Landfill, the railroad-grade edge shows
no signs of stream erosion that would be expected from
a flood of this magnitude inundating the floodplain.
Therefore, the hypothetical discharge of 2,000 ft3/s
must be greater than flood discharges that have
occurred in Mojave Creek near the Main Base Landfill
since the completion of the railroad grade.

A flood discharge identified as the largest in 100
years does not equate with a flood discharge having a
100-year recurrence interval. The 100-year designation
means that the discharge has a probability of 0.01 of
being exceeded in 100 years. The probability p is the
inverse of the recurrence interval 7.

1
D= T 2
r
from
+ ]
T, =" &)

where n is the number of years of record and m is the
rank of the annual peak discharge. Although Mojave
Creek has no discharge record, a hypothetical distribu-
tion of annual peak discharges is associated with any
watershed. As the number of years in the population of
annual peak discharges increases, the likelihood also
increases that a flood discharge has occurred with an
exceedance probability p equal to or less than 0.01.
The probability J that a peak annual discharge with a
return period of 7, years will occur in a period of n
years is

J=1—(1——1-)n @)

For a period of 112 years between the comple-
tion of the railroad grade and this investigation of
Mojave Creek near the landfill, the probability J of the
occurrence of a 100-year flood is 0.68. Assuming that
the effects of flood erosion are well preserved, there is
a 0.32 probability that sedimentological evidence for

flood magnitude in the floodplain near the landfill does
not include the effects of a 100-year flood discharge.

SUMMARY

Because the desert environment preserves ero-
sive features for decades, the lack of erosive features
along the floodplain margins near the Main Base Land-
fill indicates that flood discharges greater than a few
hundred cubic feet per second have not occurred in the
last hundred years. For this reason, reported flood dis-
charges derived from regional characteristics in the
range of 1,580 to 5,350 ft*/s cannot be reconciled with
the physical evidence for the magnitude of flooding.
The sedimentological evidence at this site also could
not be reconciled with published estimates of 100-year
flood discharges. The Mojave Creek floodplain does
not show signs of flood discharges in that range since
the completion of the railroad grade in 1884.

In the area adjacent to alluvial-fan deposition
that is over a hundred years old, flow depths have not
been sufficient to dislodge the sediment deposited there
before the railroad grade was built. Discharges of a few
hundred cubic feet per second may have occurred, as
estimated from the dimensions of the railroad culvert
and alluvial channel west of the Main Base Landfill.
Given the uncertainty in a 100-year flood discharge for
this ephemeral stream, a flood discharge as great as any
in the last hundred years in Mojave Creek could inun-
date the access road from Mojave Boulevard but not the
disposal site within the Main Base Landfill boundary.
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