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1. INTRODUCTION

The Federal Emergency Management Agency (FEMA) prepares Flood
Insurance Rate Maps (FIRMs) based on the results of Flood Insurance Studies
(FIS). Those studies determine the areas with a i-percent annual chance of
being inundated. The flood is called the Base (100-year) Ffood by FEMA. The
FIS must evaluate the existing flood conveyance system, including installed
flood-control measures. The determination of the inundated area may depend
on whether flood-control measures protect part of the floodplain. With
increased development in the arid western portions of the United States, more
people are being exposed to the extreme flood hazards associated with flash
floods, mud and debris flows, high flow velocity, channel avulsion, erosion and
channel migration on alluvial fans. The dominant fluvial processes operating
on alluvial fans are episodic in nature and are poorly understood.
Nevertheless, one must consider whether flood-control measures perform well
on alluvial fans, and if so, whether their performance can be evaluated.

1.1 Geomorphology of Alluvial Fans

Alluvial fans are depositional landforms, developed over a geologic time
scale, located at the base of mountain ranges where ephemeral mountain
streams emerge onto the lesser slopes of the valley floors (French, 1997).

They are usually conical, or fan shaped in plan view. On topographic maps,
alluvial fans appear as contour lines that are concentric about a canyon mouth
(fan apex). Figures I-| and 1-2, respectively, are plan and profile views of an
idealized alluvial fan. The figures also illustrate some of the terms used in this
report.

The broad use of the term “alluvial fan” in the geologic literature does not
imply the existence of any specific hydraulic processes. Trends in deposition
and erosion are episodic and locally variable on alluvial fans.

There are fluvial systems which are not on the typical conical fan but
maintain some of the characteristics of systems on alluvial fans, Arroyos are
examples of distributary drainage networks with flow characteristics similar to
those of a typical fan.
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Figure 1-1 Plan View of an Idealized Alluvial Fan

The sediments deposited on alluvial fans are generally coarse grained,
being composed of sand, gravel, and boulders. The depositional region is
relatively close to the source region when compared with riverine situations.
Alluvial fans are most common in arid or semi-arid areas where there is little
vegetation; however, they also occur in polar and humid regions (Lecce, 1990
and MacArthur, et al., 1992). There is considerable discussion in the
geomorphologic literature (Lecce, 1990) regarding the formation of alluvial
fans.

Alluvial fans in the arid and semi-arid areas of the Southwestern United
States are the focus of this study. In these areas, the important factors that
contribute to the formation of alluvial fans are the hydrology, the geology and
soil type, and the vegetative cover. Formation of an alluvial fan requires a
source of sediment, a mechanism for moving that sediment, and an abrupt
change in topographic slope and channel width that leads to shallow
unbounded flow and sediment deposition. The relatively steep slopes often
found on alluvial fans (3 to 20 percent) provide a high energy environment for
the movement of water and sediment. The unbounded lateral dimension and
rapid depositional nature of alluvial fans support frequent avulsions and flow
spreading laterally on the fan surface. The hydrology of these areas is
characterized by ephemeral (episodic) streams that only carry water and
sediment during significant rainfall events. The predominant rainfall events that
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Figure 1-2 Profile View of an Idealized Alluvial Fan

form alluvial fans in these areas are localized thunderstorms. These storms
may occur only once every several years over the watershed contributing to
any particular fan (French, 1987).

During the periods between large storms, unconsolidated sediment
accumulates within the watershed and stream channels from minor storms,
weathering, dry ravel erosion, earthquakes, etc., providing an abundant supply.
This combination of steep slopes, abundant supply of sediment, and intense
short-duration precipitation can produce mud and debris flows capable of
moving large amounts of sediment onto the evolving fan. Debris flows can
occasionally form “sieve deposits” on the fan (Rachocki, 1981). Sieve deposits
occur when the water filters into the underlying coarse deposits, depositing the
recently moved material. The stream channel system on alluvial fans is
typically braided, which is both a characteristic of alluvial fans and an
important factor in their formation (Rachocki, 1981). Beaty (1990) states that
an “average” alluvial fan in the White Mountains of Southern California and
Nevada could be formed in about 750,000 years by three “average” debris
flows every 1,000 years,

During a flood event, the flow may abandon the path It has been taking
and follow a new one. The occurrence, termed an avulsion, can result from
floodwater overtopping a channel bank and creating a new channel. The
overtopping may be caused by the sudden deposition of sediment and/or
debris, or by the undercutting and subsequent failure of a channel bank.
Because points below the avulsion may be in the path taken by the flood flow,
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either before or after the avulsion occurs, the probability of those points being
inundated by the flood is greater than if the avulsion had not occurred.
Through multiple avulsions over geologic time, the fan aggrades uniformly so
that it tends to exhibit a concentric, semi-circular contour.

Changes in flow and/or sediment supply to the fan can greatly affect the
morphology of the apex and fan surface. If sediment supply from the
upstream watershed to a fan is reduced due to changes in rainfall patterns or
increased vegetation, incision of a channel will begin at the apex. When
sediment transport capacity or competence of the flow exceeds the sediment
load available at the apex, the flow will scour the fan surface and create an
incised channel. As long as stream competence exceeds sediment supply,
channel deepening and widening will continue. A return to higher sediment
productivity in the watershed, that mayresult from forest fires or increased
rainfall, will often cause the channel to backfill. In that case, erratic flood
channels and sediment deposition will again dominate. If the reduction in
sediment supply is permanent, an incised channel or entrenchment of the fan
surface results. Normal depositional patterns on the fan are altered by the
entrenchment in such a way that little deposition occurs near the apex, fan
building commences downstream where the entrenchment ends, and flows
radiate laterally over the fan surface. A new, secondary fan is established with
its apex at the end of the entrenchment.

Significant watershed and fan characteristics that influence flood behavior
include:

watershed slope

watershed soil type, vegetation and land use

forest fire frequency

rainfall intensity and duration

longitudinal and lateral fan slope and shape

fan sediment type and vegetation

existence of an entrenched channel(s)

presence of rock outcrops or sills in the channel

location, density, geometry of development and/or structures (roads,
fences, railroads, buildings) on the fan

The influences and potential affects of these fan characteristics on the
hydraulics and the sediment transport capability of flood waters must be
considered when placing and designing structures on alluvial fans,
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1.2 Floods on Alluvial Fans

Floods on alluvial fans, in the geographic regions discussed here, are
generated by both localized convective storms and large scale cyclonic
storms. Convective storms are the more common cause in Nevada, Arizona,
Utah, and New Mexico; large cyclonic storms, generally, produce the flooding
on alluvial fans in Southern California. Flooding on alluvial fans is infrequent,
rapid, debris laden, and of high velocity. These floods can fill flood-control
channels with debris, or erode elevated structures such as roadways, railroads
and pipelines that cross the fan. Alluvial fans usually have multiple, braided
channels that are subject to avulsion factors such as human activity modifying
the landscape between floods, changes in vegetative growth, debris
accumulation, eolian sediment deposits, etc. Brush fires in the contributing
watershed can have a major impact on the availability and delivery of water
and debris. Freshly burned watersheds can produce 10 to 100 times more
sediment per unit runoff than unburned catchments (MacArthur, 1983).
Precipitation and streamflow data for alluvial fan floods are sparse because
alluvial fan flooding is typically caused by infrequent and intense storms.
Long, dry periods between floods contribute to a rapidly declining public
awareness of the flood hazard. In addition, most fans had not been
developed; therefore, there are little or no long-term, historic flood records
available for specific fans.

FEMA (1989) has identified the following flood hazards that may be
encountered on alluvial fans:

High velocity flow (15 to 30 ft/s) that can produce significant
hydrodynamic forces on structures

Erosion/scour to depths of several feet

Deposition of sediment and debris to depths of 1520 feet during a
single event

»  Debris flows and their associated impact forces and large sediment
loads

»  Mudflows and their associated deposits and need for removal

» Inundation, with its associated hydrostatic (buoyant) forces on
structures (these forces are often affected by high sediment
concentrations leading to modification of the effective fluid density
and viscosity)

«  Flashflooding, which means that there is little (ii any) warning time for
evacuation and emergency actions to protect property

» Little or no long-term data; (event frequency and duration criteria
must often be estimated from regional relationships based on limited
data)
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1.3 Purpose, Scope, and Study Limitations

The FIA requires an assessment of the effectiveness of various structural
approaches to flood control in alluvial fan Special Flood Hazard Areas
(SFHASs). The purpose of this study is to document how installed flood-control
measures have performed during major floods and to present current
methodologies for assessing the performance and adequacy of the measures.
Non-structural measures were not within the scope of this study, nor were
methodologies for mapping alluvial fan hazards. This report is aimed at
providing guidance to floodplain managers for use in assessing the adequacy
of structural flood-control measures on alluvial fans (primarily improved
channels, detention storage, diversions, and bypasses) for protection against
the Base Flood. This report is not intended to be a design manual.
Considerable study and testing, which are beyond the scope of this report, are
required for proper design.

It must be recognized that the state-of-the-science and our understanding
of mobile boundary hydrodynamic processes on alluvial fans are limited.
These complex processes often evade theoretical attempts to characterize flow
depth, location, orientation, velocity, sediment-carrying capacity, and event
predictability with a high degree of accuracy. Present state-of-the-science
methods depend on empiricism, experience, field observation, and the
application of traditional clear-water assessment methods that have been
modified to account for flow bulking and the unpredictable; and often episodic,
nature of alluvial fan processes.

This report documents flood experiences with flood-control structures on
alluvial streams. While the emphasis is on alluvial fans, many of the potential
flood hazards and performance problems for fans are the same as those on
alluvial stream projects throughout the Southwest. It is intended that
documented flood problems will lead to an awareness of potential causes for
failure, and the required analyses to quantify important design parameters.

The information and examples presented herein, are taken from field reviews of
projects, interviews, and from various reports, papers, and publications listed in
Chapter 4 of this report. The three basic approaches used in this study were
to:

1) Prepare an inventory of project experience;

2) Conduct a library search for related studies and reports; and

3) Summarize engineering assessment procedures for determining the
adequacy of alluvial fan flood-control structures.
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1.4 Definitions

There are many terms used in this report and in the literature that are
descriptive of alluvial fans and streams; sediment, debris, and mudflows;
structural flood-control measures and their features; and the nature of the flood
risk. Some of the terms are in general public usage, while others are technical
and may not carry the same meaning among professionals. A glossary was
developed for this project and it is included as Appendix A. The definitions are
intended to be brief and informative; therefore, in some cases they may not be
technically complete. The intent is to simply explain technical terms so the
reader can better understand this report.
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2. CASE STUDY REPORTS

The following case studies present reviews of flooding problems and, in
some cases, failures of flood-control project features. Some of the examples
are not specific to alluvial fans; however, they all represent the type of flooding
problems and project failures that must be addressed in successful projects on
alluvial fans. Some earlier flood experience has been incorporated into U.S.
Army Corps of Engineers (USACE) and other agency standards and guidance
documents. Most of the following information comes from office reports that
are not readily available. Because there is limited access to these documents,
major portions of the documents that meet the objective of this report have
been paraphrased or copied in this chapter. Quotation marks and traditional
reference marks have not been used because the information is taken from a
single report. Full credit for the investigations and presented information
belongs to the writers of the referenced reports.

2.1 Los Angeles County 1938 Flood

Location: Los Angeles County, California

Reference: “Report on Engineering Aspects - Flood of March 1938”
(USACE, 1938).

While this is an old report, it documents flood-related problems concerning:
channel bank protection; super-elevations at bends; transportation and
deposition of debris in channels; action of debris basins; and dam operation
and size of spillways. While the experience gained from studies of this type
have been incorporated into the USACE Engineer Manuals, the summary of
types and causes of failure are worth presenting here because they represent
items that must be considered in the design and construction of flood-control
measures. Excerpts on the subjects of bank protection, debris basins, and
dam operation are presented here.
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Flood Experience

The series of storms that occurred in the Los Angeles County Drainage
Area during the period of February 27 to March 3, 1938, caused the largest
flood discharges on record. At many locations, the estimated peak discharge
exceeded the previous record by two or three times. While a considerable
amount of data were collected, there was a lack of direct measurement of
discharge during the peak period. The flood was of short duration and the
rapid change in stage made it difficult to collect field data.

Bank Protection

The following, are seven main classifications of bank protection:

1) Pipe-and-wire fence

2) Riprap (dumped rock)

3) Rock paving (hand-placed)

4) Wire and rock mattress

5) Gunite slope paving

6) Reinforced concrete open channel
7) Reinforced concrete closed conduit

Pipe-and-Wire/Pile-and-Wire Fences. Fence-type protection was used
extensively on the Rio Hondo and San Gabriel River and tributaries. It
seemed to have played an important part in preventing bank erosion and
confining the flood within channels in straight, or nearly straight, reaches.
However, large sections failed on the outside of bends, or where some
obstruction directed the main current against the fences, The weakness of
this form of protection was its inability to deflect cross-flows sufficiently to
prevent bank erosion on the back of the fence, and the ease with which
pipe or piles were broken off or pulled out when encountering the full force
of the current. In general, the stream alignment was assisted and the
tendency to meander retarded in some cases, but this form of protection
was ineffective at critical locations,

Riprap Bank Protection. With few exceptions, riprap may be classed as
derrick stone or dumped rock. Numerous failures of this type of levee
occurred largely on the outside of bends or in the vicinity of an exceptional
disturbance. The failures appear to have been started at the toe rock. The
maximum velocity in the lower river was probably In excess of 18 ft/s. The
irregularity of the pavement is believed to have set up scour along the toe,
chopping the toe rock and cutting into the earth levee.

10
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Rock Paving Bank Protection. The review of several creeks with this
protection showed no damage with velocities up to 17 R/s and rather
sinuous channel alignment. The upper Los Angeles River, wRh a design
capacity of 40,000 ft3/s, had an estimated 60,000 ft% and flow velocity in
excess of 20 ft/s. The failures there were attributed directly to poor channel
alignment, disturbances created by side inflows, and ponding of local
drainage behind levees. There was some indication that failure may have
commenced immediately above the toe rock. Other failures seemed to
have commenced about half-way up the slope. Once the stone was
removed, water entered the fine sand of levee fill, and undercut the upper
section. Failure progressed downstream until a breach of sufficient
capacity to bypass the levee was made.

Wire and Rock Mattress Protection. Two types of protection included one
in which the toe of the slope is protected by a wire and rock mattress and
the upper slope by wire laid on the slope, and the second in which the wire
and rock mattress covers the entire levee face. These types of revetment
withstood the flood as long as flowing water did not get behind them.
Where this occurred, the rock mattress was rolled up and carried away.

Gunite Slope Paving. Extensive failures of this class of protection occurred
along the Los Angeles River. Failure seems to have been the result of
water getting into the levee through cracks, causing settlement and
breaking out a small section after this breach was made. The high velocity
flows ripped off the thin gunite slabs.

Reinforced Concrete Open Channel. No difficulties were experienced with
this type of improvement, with the exception of several breaks in small
channels and the Verdugo channel in the vicinity of a bridge, where a
section of channel had been left unlined during the reconstruction.

Reinforced Concrete Closed Conduit A great many small structures of this
class were rendered useless by plugging with debris; however, only one
important structural failure was noted. A double-barrelled conduit, each 18
feet wide and 6 feet tall, became severely blocked with debris, causing the
flow to blow off the cover slab.

Debris Basins

The 1933 fire and the disastrous New Year's Day 1934 Flood hastened the
adoption of the basin method of debris control. At the time of the March flood,
there were 16 debris basins in the Los Angeles County area. During the years
1933 to 1935, most of the areas involved were burned. As it takes 5 years or
more to re-establish cover after a burn, the state of the cover in the drainage
area was inadequate for the 1938 storm.
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The debris basins functioned very satisfactorily within the limits of their
capacity. In the areas wlth steep slopes, the material eroded was much larger
and coarser than in the areas with flatter slopes. It was noted, as a typical
case, that material accumulated to the crest of the outlet structure and was at a
fairly uniform grade line to approximately the top of the inlet structure. When
this condition was reached, a large amount of material passed over the outlet
spillway during the peak inflow period. In one example, the debris slope
backed up over the top of the inlet structure and piled up in the approach
channel. In general, the action of all the debris basins was judged satisfactory.

Outlet Channels. A common phenomenon was noted at a majority of the
basins: a pulsating discharge from the basin to the outlet resulted in the
formation of a standing wave, which proceeded down the channel at a high
velocity.

DamOperation

At the time, most of the reservoirs were small, local projects with small
capacity and limited outlets, and so they had little effect on large flood peaks.
The reservoirs serve mainly as debris basins and conservation structures.
Although no appreciable damage to the structures resulted, the outlet and
storage capacity of several structures were materially reduced by debris.

2.2 Southern California 1969 Floods

Location: Southern California

Reference: “Report of Engineering Aspects - Floods of January and
February 1969 in Southern California” (USACE, 1974).

The floods that struck Southern California during January 18 to January 26,
and February 20 to February 26, 1969, were the most damaging floods of
record in six counties. Although past floods may have equaled, these floods
were more damaging because of the intensive development that had taken
place in recent years adjacent to unimproved or partly improved stream
channels. More than 100 persons lost their lives in the floods, and property
damage totaled more than $213 million. These were also the first great floods
to occur since construction of the complex systems of flood-control projects by
the USACE. This report presents information on each project sustaining flood
damage or encountering problems not foreseen in design, on flood
magnitudes, and on flood-damage data to permit future re-evaluation of
practices and criteria. The report presents project-oriented information on

12
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existing improvements sustaining flood damage, plus the performance of flood-
control improvements, special problems, and evaluation of existing design
criteria. The following paragraphs summarize the performance review, special
problems, and presents the evaluation of design criieria.

Performance of Flood-Control Improvements

Only improvements sustaining flood damage where the probable cause of
damage could be determined are discussed. The information is presented by
the following four project types:

1) levees

2) channels

3) debris basins
4) reservoirs

Levees. The performance of USACE levees that sustained damage is
discussed under the categories: single-levee projects and double-levee
projects. All the levees were protected with stone revetments on the
channel side.

Sing/e-Levee Projects. The single-levee projects sustaining flood
damage were Santa Maria Valley, the Santa Clara River levee, the Lytle
Creek levee, the Mill Creek levee, and the Banning levee. Projects, both
with and without groins, successfully withstood most of the damaging
effects of the high-velocity floodflows. The major damages sustained by
the levee revetments were probably caused by meandering flows that
undermined the stone toe protection at isolated points. The erosion and
subsequent slumping along the Santa Maria Valley levees, where the levee
revetment was ungrouted, were clearly caused by undermining of the
revetment toe as a result of impinging cross-stream flows. The severe
scouring that occurred along the Mill Creek levees, where the levee
revetment was grouted, was also caused by impinging cross-stream flows.
Other failures were due to excessive streambed degradation and
insufficient depth of the revetment toe.

Investigation of effects of earlier floods revealed the ineffectiveness of
the triangular-shaped toe protection on the grouted-stone revetment. This
type of toe protection was used for the Lytle Creek levee and Muscoy
Groin 4, as shown in Figure 2-l. Investigation of these two improvements
after the 1969 floods, revealed the streamward displacement of the
quarrystone toe protection that had originally been placed on the grouted-
stone revetment. The scattering of the displaced quarrystone away from
the revetment and the absence of the bulk of the quarrystone in the eroded
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Figure 2-1 Scour Adjacent to Muscoy Groin 4 (Photo 36 - Scour depth
of about three feet below the foe of grouted-stone facing.)

section at the toe indicated that this design is ineffective in providing
additional protection against excessive scour along the toe.

Double-Levee Projects. These projects consist of the San Gabriel River
approach channel (which is also discussed under the section below titled
Channels), the Riverside levees, and a 5-mile reach of the Santa Maria
Valley levees. The San Gabriel approach and the Riverside levees
performed well. Except for local scour near the stabilizers in the San
Gabriel River approach, little degradation or aggradation occurred. The
excellent performance of both projects reflected the efficiency of proper
earth-bottom channel design. It was noted that this type of performance of
channels with alluvial streambeds is possible where the upstream sediment
supply is sufficiently large to replace the material transported out of the
improved reach, and where the channels do not have excessive base
widths that permit meandering. The reach of double levees in the Santa
Maria Valley levees project is an example of a leveed channel with an
excessive base width. The levees were damaged by impinging cross-
stream flows.

Channels. Channels sustaining flood damage were the Los Angeles River,
the San Gabriel River, and the Devil Creek diversion. Only the cause of
damage on the San Gabriel River channel could be clearly defined. In
general, little damage occurred in reaches of fully-lined concrete or
grouted-stone channels.

Chapter 2. CASE STUDY REPORTS



The sloping drop structures in the San Gabriel River approach channel,
upstream from the Santa Fe Reservoir, withstood the floodflows
satisfactorily, except for isolated structural damage. The drop structures
generally performed efficiently. The sloping grouted-stone aprons of the
drop structures did not fail despite the abrasive actions of the moving rocks
and gravel carried by the floods. The highly abrasive action of the
floodflows was clearly evidenced by the sheared conditions of the stone
projections on the surface of the sloping aprons.

In the reach of the San Gabriel River channel from Santa Fe Dam to
Whittier Narrows Reservoir, severe damage was sustained by revetments
near the stilling basins of the drop structures. Grouting of the revetments
would have prevented much of the damage that occurred.

Debris Basins. A review of the debris basins indicated wide variations in
the amount of debris and sediment trapped during the floods. The greatest
amount of sediment and debris was produced from areas extensively
burned in the fires of 1968. Generally, the USACE debris basins’
accumulation was well below their total capacity. Six basins, constructed
by local interests, were filled with mud and debris during the floods.
Aithough property downstream from the debris basins was severely
damaged by mud and debris after the debris basins were filled, the
damage would have been much greater if the basins had not trapped the
bulk of the material.

Reservoirs. Prado Reservoir was the only USACE reservoir that
experienced serious problems in making planned releases; this was due to
damage to downstream levees. Many non-Federal reservoir projects
sustained damage during the floods. The damage included plugged-up
outlet works, destroyed water-supply systems, damaged irrigation-outlet
systems, undermined spillways, and eroded outlet channels. In addition,
the capacities of the non-Federal reservoirs were severely reduced by
sediment and debris deposition,

Special Problems

Sediment Transport. Sediment transported by the 1969 floods and
deposited along channels and levees and in reservoirs and debris basins,
caused serious damage to flood-control improvements. The collection of
sediment data by the U.S. Geological Survey (USGS) and the data collected
on sediment deposition during the 1969 floods, permitted an evaluation of the
formulas used in design of USACE projects. The comparisons applied
Du Boys’ formula, Einstein’s bed-load method plus suspended load, Colby’s
curves, and the Toffaleti procedure. The results were plotted on a log-log
display of flow in #3%s vs. sediment in tons/d. Generally, the methods
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underestimated the sediment transport, compared with the USGS field data.
The Einstein method gave the closest agreement to the measured data, even
though the two differ by several hundred percent. The Toffaleti method gave
the closest agreement for discharges, less than 1,000 ft3/s, but departs
radically from the curve based on USGS data for greater discharges.

Gravel Pi. Gravel pits and gravel-extraction operations in streambeds
caused severe damage to USACE flood-control improvements during the 1969
floods. The extensive gravel-pit operations in the streambed of the Santa Clara
River and the stockpiling in the floodplain of materials from those operations
accentuated the meandering qualities of the river. In reaches where complete
failure of the levee occurred, the high-velocity floodflows of the meandering
river were deflected toward the levee by a natural high bank on the opposite
side of the stream.

As a result of virtually uncontrolled mining of sand and gravel in the
streambed of Lytle and Cajon Creeks, even insignificant flows caused serious
degradation of the streambed. As mentioned above, gravel pits accentuated
the meandering stream. When floods occurred, the headcutting action of
floodflows moving into the pits scoured the streambed in an upward direction
and attacked nearby flood-control improvements. The scouring action of the
floodflows eventually caused failure of the levee toes.

The experience gained during the 1969 floods emphasizes the need for the
establishment of controls on gravel mining in the floodways of future projects.
Such controls are usually administered by the flood-control district responsible
for operation and maintenance of the project. Suggested requirements
include:

No stockpiling of any kind and no other obstructions will be permitted
in the floodway.

No excavation will be permitted within a strip extending 200 feet
streamward from the levee-control line.

No excavation will be permitted below a plane originating a distance
200 feet horizontally and 10 feet vertically from the levee-control line,
and extending to the channel side on a slope of 1 ft vertically, for every
20 feet horizontally.

No excavation in the floodway will exceed a depth of 50 feet below the
elevation of the corresponding point on the levee-control line.

All extraction operations will be conducted in accordance with plans
that have received prior official approval of the USACE, and which will

Chapter 2. CASE STUDY REPORTS



provide for continuous pits within the property of any one operation.
“Leapfrog” operations will not be permitted, and the continuous pits will
not be sinuous, with respect to either line or grade.

Temporary excavation not conforming to the above rules will not be
permitted.

Depth of new pits on the shore side of the levee shall not extend below
a plane passing through the present ground surface at a point 60 feet
south of the levee-control line, and dropping toward the south at a |-
on-l 0 slope.

Depth of new excavation in existing pits shall not extend below a plane
starting at the point described above, and dropping toward the south at
a l-on-5 slope.

Evaluation of Existing Design Criteria

Levees. The severe damage sustained by levees during the 1969 floods
indicates that continued investigation and analyses should be made of design
criteria pertaining to the depth of revetment toes. The insufficient depth of
revetment toes was probably the major cause of levee damage to the Santa
Maria Valley, the Santa Clara River and Mill Creek levees, and the Lytle and
Cajon Creeks channel improvements. For levees where flow impingement is
likely to occur during floods, the depth of the toe protection should not be less
than the depth of the anticipated scour below the invert. When rigid
revetments are used, the toe protection should be either an extension of the
rigid lining to a depth below the estimated level of scour or a system of gabion
mattress. The use of stone protection is discouraged because it was washed
away during the 1969 floods.

Channels. Current freeboard criteria was judged adequate. The
conclusion was based on the absence of any evidence or report of spillage
over the tops of the channel walls at any time during the floods.

The riprap side-slope protection for earth-bottom channels functioned
satisfactorily during the floods. Detailed analyses, made after the floods, of the
thickness and grade of the riprap in place on three streams, indicated that the
recommendation in Civil Works Engineering Bulletin 52-15 are reliable and
conservative.

Sediment transport through earth-bottom channels and a series of drop
structures had been evaluated using Du Boys’ equation. While detailed
analysis could not be made because information was not available on the
quantity of sediment passing through Whittier Narrows Dam, an evaluation of a
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reach with seven reinforced concrete-drop structures indicated that the method
is adequate. Additionally, the method serves as a guide in determining the
maximum degradation and aggradation of an invert during a design flood and,
in turn, the design depth of toe protection and the heights of levees.

The use of sloping bridge-pier extensions to reduce debris deposition was
judged successful. No debris accumulated on the extensions provided on
bridge piers in the Rio Hondo channel, which was the only channel with the
extensions and the maximum discharge near the design discharge.

Debris and sediment deposition in concrete channels was not a problem
where debris basins were present. Extremely large amounts of sediment were
deposited in the rectangular sections of the Devil Creek diversion channel,
which did not have a debris basin. The design of concrete channels in
drainage areas capable of producing large amounts of debris and sediment
during floods, should include provisions for trapping such material at the head
of the channel or moving the material through the channel. An alternative
method for conveying all debris and sediment throughout the length of a fully
lined channel is to design the channel with a steep grade and a trapezoidal
configuration to maintain sufficient depth and velocity to move the material.

Deb&Basin Capacities

The criteria currently used by the USACE, Los Angeles District to determine
design capacities was judged satisfactory. The criteria used are described in
the paper titled “A New Method of Estimating Debris-Storage Requirements for
Debris Basins” (Tatum, 1963).

Reservoir Sedimentation

Reservoir surveys made by the USACE, Los Angeles District after major
storms, provide data on the rate of debris and sediment inflow to existing
reservoirs. The data collected provide valuable information for use in
estimating sediment allowances for future projects. Guides for estimating
sediment yield are contained in the paper titled “Factors Affecting Sediment
Yield in the Pacific Southwest Area” (PSIAC, 1968).
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2.3 Riverside County 1980 Flood

Location: San Jacinto River Levee and Bautista Creek Channel,
Riverside. California.

Reference: Engineering Report, “Report on Levee Failures and
Distress San Jacinto River Levee and Bautista Creek
Channel, Riverside County, Santa Ana River Basin,
California” (Engineer Team, 1980).

This report reviews project design, construction, subsequent modifications,
flood history, project performance, investigation of potential causes of failure,
probable cause of failure, and remedial measures taken. Sections on project
design, construction, and performance are presented here, along with the
causes of levee failures and conclusions. The section on potential causes, lists
the items that should be considered in levee design and construction.

Background

During February 1960, flooding caused the San Jacinto River flood-control
project to undergo distress. Levees on both San Jacinto River and Bautista
Creek reaches were breached, as evidenced in the aerial mosaics. Because of
this occurrence and at the request of the USACE, Los Angeles District, an
Engineer Team was formed and tasked with determining the probable cause or
causes of failure; recommending remedial construction measures; and making
recommendations as to the application of this experience to existing and future
projects. The report sections describing the project design, construction,
project performance, causes of levee failure, and conclusions are presented
here.

Project Description

The San Jacinto River levee and the Bautista Creek channel improvements
are located in Riverside County. They consist of a 3.7-mile levee on the left
side of San Jacinto River, a 1.3-mile levee on the left side of Bautista Creek,
and a 3.25mile concrete-lined channel on Bautista Creek upstream from State
Highway 74. The federal cost of constructing this project was $3 million. The
project units are designed to protect San Jacinto, Hemet, Valle Vista, and
nearby agricultural areas. Since their completion in November 1961, the units
have been maintained by the Riverside County Flood Control and Water
Conservation District (RCFC&WCD). During the 1969 floods, they prevented
damages estimated at $1.3 million.
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Project Design

The bases for design are included in the following reports prepared by the
USACE, Los Angeles District:

Design Memorandum No. 1, “Hydrology for San Jacinto River and
Bautista Creek Improvements,” July 1959;

Design Memorandum No. 2, “General Design for Bautista Creek
Channel,” September 1959; and

Design Memorandum No. 3, “General Design for San Jacinto River
Levee,” September 1960.

Hydrology. The standard project flood (SPF) was used as the basis for
design. The flood was developed in accordance with guidelines presented in
Civil Works Engineer Bulletin No. 52-8, dated March 26, 1952. The standard
project storm, general winter type, was employed for the drainage area
tributary to the San Jacinto River levees. This storm is based on the assumed
occurrence of a storm equivalent to that of January 1943, transposed and
centered over the area tributary to the pertinent area. The standard project
storm, local type, was used for the drainage tributary to the Bautista Creek
improvement. This storm is based on the assumed occurrence of a storm
equivalent in magnitude to that of March 1943, transposed and centered over
the area.

The resulting SPF peak discharges are 88,000 ft%s for the San Jacinto
River improvement and 16,500 f3/s for the Bautista Creek improvement. The
SPF peak discharge for San Jacinto River is about 50 percent larger than the
peak discharge that occurred during the flood record of February 1927.

Hydraulics. The hydraulic design was based on the theoretical analyses
and design practices previously approved for similar projects, The design
conformed to the criteria, which applied at the time, published in chapters of
the Civil Works Construction Engineer Manual and Civil Works Engineer
Bulletin No. 52-I 5.

Design Memorandum No. 3 describes the proposed plan of improvement
and functional characteristics. The pre-project San Jacinto River channel
flood-control levees, were constructed by local interests and were protected on
the channel side with pipe-and-wire fencing. The estimated channel capacity
was about 8,000 to 20,000 ft%s, and the slope ranged from 0.00526 to 0.00935
feet/ft
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The levee along Bautista Creek was built in a reach where local interests
had constructed sand levees and pilot channels. The channel sides were
protected with pipe-and-wire fencing. The capacity of the pre-project Bautista
Creek channel was about 75 percent of the design flood flow, and the slope of
the channel ranged from 0.0100 to 0.0182 feet/ft.

Water-surface computations were made by the reach method, using
Manning's R. The computations were made on the basis of a design discharge
of 86,000 #%s in San Jacinto River downstream from the confluence with
Bautista Creek, and a design discharge of 16,500 ft%/s in Bautista Creek. The
maximum water-surface computations to determine levee heights were based
on an n value of 0.040. Depths ranging from 5.7 to 13 feet were computed for
San Jacinto River; and from 3 to 6.6 feet, for Bautista Creek. The maximum
mean velocities used to determine the slope and toe protection were based on
an pn value of 0.025. Velocities ranging from 7.3 to 15.5 ft/s were computed for
San Jacinto River; and from 9.4 to 16.9 ft/s, for Bautista Creek. The water
surface for San Jacinto River was computed based on the assumption that the
existing left levee would be removed and the existing right levee would remain
in place; however, for Bautista Creek, the water surface was computed based
on the assumption that flow would be contained in an area bounded on the left
by the levee, and on the right by high ground.

A minimum freeboard of 3 feet above the computed water surface is
provided along both streams. Superelevation was computed by the formula V2
T/gRc, where: V is the velocity of flow, T is the top width of flow, g is the
gravitational constant, and Rc is the radius of the curve. The superelevation of
the water surface ranged from 0.2 to 1 ft.

Confluence computations were based on a flow of 74,000 #3/s in San
Jacinto River upstream from the confluence, and a flow of 12,000 ft%s in
Bautista Creek. This combination produces the maximum water-surface
elevation in the confluence for the design discharge in San Jacinto River
downstream from the confluence.

Under the project document plan, the thickness of the revetment would
range from 2 feet at the top of the levee, to 5 feet at the toe of the levee and
the revetment would be underlain by a 1-ft layer of filter material. The adopted
stone revetment, a1,5-f layer of riprap over a g-inch fitter blanket, is shown in
Figure 2-2. (reprint of report Figure 2). The revised thicknesses were based on
the then “present-day criteria.”

Depth of toe was an item of considerable concern during the design of the
project, as indicated by a review of District records. The adopted depths of toe
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for the Bautista Creek channel and the San Jacinto River levee are 5 and 10
feet, respectively, below the low point of the streambed.

Embankment and Foundation. The foundation materials are principally silty
sands, sand-silty sands, and silts, with occasional gravel and cobbles. The
upper 6 to 12 feet are loose to medium-dense. Groundwater was not found in
any of the test holes that were drilled to a maximum depth of 35 feet along the
project reach. The 1957 well records indicated that groundwater was about 10
feet below the streambed at the downstream end of the project levees, and 60
feet below the streambed at the upstream end. A typical embankment section
is shown on the project map in Figure 2-2. Analysis of the slopes was based
on drained strengths, Using the infinite slope method, the factor of safety for
the end of the construction condition is 1.4. Steady seepage and drawdown
conditions were not analyzed because the influence of seepage into the levee
fills and foundations was considered to be negligible due to short-duration
flows.

Project Construction

The dates for the completion of construction of the various reaches of the
San Jacinto River levee and the Bautista Creek channel are presented in
Figure 2-2. The Bautista Creek Channel Project is a concrete-lined trapezoidal
channel with an energy dissipator at the downstream end. The portion of the
Bautista Creek channel downstream of the concrete channel is a left-bank
levee with a typical section similar to that shown for the San Jacinto River
levee. It was constructed as part of the San Jacinto River Levee Project.

The Bautista Creek levee has a maximum height of 10 feet and the stone
revetment toe is 8 to 9 feet below the line of backfill at the face of the levee.
This distance corresponds to 5 feet below the low point of the streambed. The
levee section was built with streambed materials and borrow from an existing
levee. These materials were placed in 12-inch layers, compacted with four
passes of a 50-ton rubber-tired roller.

The borrow for the San Jacinto River levee was obtained by removing
about four miles of existing levee between Cedar Avenue and the downstream
end of the project. The remainder of the levee fill came from streambed
materials similar to the foundation materials previously described.

Construction of the levee was the same as for Bautista Creek. The
construction-control data show that the densities varied from 98 to 106 percent
of the standard American Association of State Highway and Transportation
Officials (AASHTO) maximum density.
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Riprap. Stone for the project was obtained from the Bernasconi Pass
Quarry and the Juaro Quarry. The stone tested had a bulk-specific gravity of
2.71 to 2.76 and an apparent specific gravity of 2.73 to 2.78. The construction
control riprap gradations, taken at the plant located at the quarry, are not
representative of the stone gradation on the levee, in part, because of
segregation that results from handling and placement. It has been verified that
a jaw crusher was used to control the maximum size of stone, but it is not
known whether a screen was used to remove the finer stone throughout the
production. The stone was transported to the levee crown in end dump trucks
and then was dumped into a “skip” that was crane-operated. The skip was
used to place the stone and drag the slope.

Project Performance

Before the February 1980 Flood Since the completion of the project, high
flows have occurred in 1965, 1966, 1969, and 1978. In November 1965, a
multiple (10) corrugated metal pipe and dip crossing with concrete overflow at
Main Street were washed out. During the February 1969 storms, the Bautista
Creek channel was degraded. Afterwards, the seven stabilizers previously
mentioned were constructed. Five of the stabilizers were damaged during the
1978 storm and were repaired in 1978 by a RCFC&WCD contract. The
RCFC&WCD has kept a record of degradation and aggradation in Bautista
Creek and has furnished a drawing showing streambed profiles at various
times. Severe degradation of the streambed (about 10 feet), was noted before
the floods of 1969. The RCFC&WCD has noted that the energy dissipator
derrick stone has been repaired since the original construction.

A review of the aerial mosaics presented in Design Memorandum No. 3
and post-construction aerial photographs, indicates that topographic features
have directed flows into the San Jacinto River levee in the general vicinity of
the February 1980 breach. A long-time resident of the area commented after
the break that it was the third time that the water broke through the same
reach. The first two breaks occurred in locally constructed levees before the
construction of the USACE levee.

February 1980 Flood Rainfall occurred over the watershed for nine
consecutive days, from February 13 to February 21, 1980. Mean seasonal
precipitation ranged from about 14 inches at San Jacinto to about 45 inches at
San Jacinto Peak, averaging about 20 inches over the total area.

The peak discharge of February 21, 1980, in San Jacinto River above
Bautista Creek is 17,300 ft%s, about a 30-year flood. The estimate of a 6,000
ft3/s discharge on Bautista Creek represents about a 70-year flood. Based on
these two discharges, the peak discharge, which occurred at the San Jacinto
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levee, is estimated to be about 25,000 ft3/s, representing a flood recurrence
interval of about 25 years,

During the February 1980 Flood. On February 21, 1960, the Bautista Creek
and San Jacinto River levees were breached. The breach in the Bautista
Creek levee extended from approximately sta. 61+00 to sta. 59+00. The
breach in the San Jacinto River levee extended from approximately
sta. 169+00 to sta. 154+00, before flood fighting operations controlled the
erosion. At several other locations erosion occurred, generally below the “line
of backfill.”

The RCFC&WCD has provided eyewitness accounts of the San Jacinto
River levee breach. Excerpts from these eyewitness reports state:

“Water Master for the Hem&San Jacinto Area of Eastern
Municipal Water District..was on Mountain Avenue at
approximately 7:00 a.m. and observed a 204 wide breach in the
levee at that time and reported to their headquarters.”

Other eyewitness accounts following the initial breach give an account of the
progress of the failure. An eyewitness account of observations at 7:45 a.m.
reports:

“Levee disintegrating on the upstream side of breach rapidly.
Flood through breach surging in river in waves 5 to 10 ft high.
.+ 8:30 a.m. Breach + 700 ft wide at this time At the location
of breach, the main direction of the river flow was + 25° to the
downstream tangent, as observed.”

Eyewitness estimates of the flow through the breach ranged from 75 to 95
percent of the river flow.

Causes of Levee Failures

The Engineer Team considered the following six as possible causes of
levee failures, and their application to the subject project:

1) Overtopping

2) Internal erosion (piping)

3) Slides within the levee embankment and/or foundation
4) Surface erosion

5) Undermining of bank protection (scour)

6) Channel configuration

Overtopping. Based on high-water marks, probable maximum height of
ride-up, speculative height of waves, and their influence on probable
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maximum water levels, overtopping did not occur and, therefore, was not a
cause of failure.

Internal Erosion (piping). There was no evidence to suggest the
occurrence of piping, even though the characteristics of embankment and
foundation materials make them susceptible to internal erosion. Observed
rodent activity is not considered to be significant. The small differential
head does not produce sufficient hydraulic gradient in levee sections to
develop piping. Thus, internal erosion (piping) was not a cause of levee
failure.

Slides Within the Levee Embankment and/or Foundation. Levee design
exploration and stability analyses indicated levee embankment and
foundations to be stable. Minor erosion at the landside toe of the levee
upstream of the San Jacinto River levee breach is not considered to be
significant. The levee has a conservative cross section, embankment and
foundation materials have high strengths; and no evidence of through or
underseepage exists. Consequently, it is concluded that, because slides
did not occur within the levee embankment or foundation, they were not a
cause of levee failure.

Surface Erosion. Levee failures can be caused by surface erosion of riprap
bank protection because of action from excessive stream currents and/or
waves. Surface erosion will then occur when the tractive force produced
by flow velocity exceeds the critical tractive force for stone stability. Waves,
caused by unstable streambed formations near the bank or flow
impingement on the bank (both conditions occurred in San Jacinto River),
produce uplift pressures on bank protection stone that, in combination with
stream velocity, can cause surface erosion when tractive forces are smaller
than critical. Consequently, when riprap bank protection is designed for
flow velocity alone and significant waves occur along the bank, surface
erosion may occur for flows substantially smaller than the design
discharge.

To determine whether surface erosion was a cause of levee failure on
San Jacinto River, observations of in-place stone were made and four in-
place gradations were taken, as previously noted. Based on visual
observations, there was no evidence that significant surface erosion had
occurred, although some localized areas of stone were judged to be fine
and others to be coarse. The gradations indicate one sample to be
undersized with respect to project specifications; however, the original
design appears to be following the criteria used at the time of construction,
namely, gradation control at the quarry only. Therefore, the areas of
undersized stone may be due, in part, to segregation that occurred during
handling and placement,
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Observations and sampling of in-place riprap indicate that, because
removal of the bedding layer from beneath the riprap had not occurred, it
is an unlikely cause of surface erosion leading to levee failure. Although
two of the in-place gradations show the bedding layer to be finer than
specified, this condition could have resulted from silting by flow sediments
and/or contamination from sampling procedures, since demarcation
between bedding and embankment materials probably was not distinct. In
any event, it is believed that the finer gradation of the bedding material was
not a significant factor in levee failure.

In one trench, where scour depths were near the bottom of the riprap
protection, some riprap was located at the scour level riverward of the
riprap toe. This stone was either removed from the riprap layer by surface
erosion or undermined in the breach area and transported downstream
along the scoured streambed. The latter case appears to be the most
likely reason for finding displaced riprap.

Based on present criteria (ETL 1110-2-120), a significantly thicker layer
or heavier stone would be required to withstand flood velocities. Although
no evidence was found that surface erosion was a significant factor in levee
failure, the undersized riprap protection compared with present criteria
would probably be subject to failure by surface erosion during larger floods
up to design-flood magnitude.

Undermining of Bank Protection (scour). Inspection of Bautista Creek
upstream of the levee suggests that construction of the concrete channel
caused sediments, naturally carried by the creek, to be deposited upstream
of the channel inlet. The resultant delivery of relatively sediment-free water
to the leveed reach along with the steep slope of this reach (greater than 1
percent) caused general streambed degradation downstream of the
concrete channel. The subsequent nearly complete filling from the valley
immediately upstream from the concrete channel inlet with deposited
sediment and the construction of channel stabilizers by the RCFC&WCD
have reduced, and in the upstream part of the reach have reversed, the
general tendency of the streambed to degrade.

The RCFC&WCD had documented the general degradation of Bautista
Creek through most of the leveed reach. The level of backfill (still evident
along much of the levee) provides a reference plane for evaluating the
approximate depth of scour and/or channel degradation. Comparing the
design depth of riprap toe with the depth of the existing streambed below
the backfill reference level indicates that the streambed below the backfill
reference level is at about the same level as the riprap toe along much of
the levee. Visual inspection of exposed riprap at the streambed tends to
confirm that the riprap toe is exposed and damaged in some locations.
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Examination of the scour gage data indicates that scour along the levee
was approximately to the rock toe, except in the breach area where scour
was several feet below the rock toe. These data indicate that scour was 4
to 5 feet below the levee toe at sta. 54+58, upstream and downstream of
the breach. Based on observed conditions and scour gage information, it
IS quite evident that undermining of the bank protection caused the levee
failure at Bautista Creek.

During the initial field inspection and preparation of the preliminary
report, there was no readily apparent or obtainable information upon which
to determine the cause or causes of levee failure at the main breach in the
San Jacinto River levee, other than the evidence that most of the river flow
impinged on and then flowed along the levee in the areas where the
breach subsequently occurred. This evidence suggested the possibility
that deep scour occurred along the levee in the area of flow impingement,
which undermined the levee toe and caused failure of the levee.

Subsequent excavation and inspection of trenches provided positive
evidence of scour depths. A trench, located a short distance downstream
of the breach, revealed that the depth of scour was approximately to the
bottom of the rock toe. A second trench, located within the breach area
and approximately 50 feet riverward of the original levee rock toe, indicated
the depth of scour to be approximately at the same level as the bottom of
the original rock toe. Considering the magnitude of the 1980 flood
compared with other floods that occurred subsequent to completion of the
project, it is reasonable to conclude that the maximum depth of
postconstruction scour occurred during the 1980 flood. This evidence
suggests that the maximum depth of scour at the rock toe resulting from
impingement of flow on the levee face during the February 1980 flood was
at or below the bottom of the rock toe at the time of the levee breach.
Consequently, undermining of the bank protection by scour appears to be
the principal cause of the San Jacinto levee failure.

Below the Main Street crossing, the similar evidence of impingement
and flow along the levee face suggests that the levee distress there was
caused in the same manner as it was for the main breach.

Channel Configuration. The channel configuration appears to have been a
significant factor contributing to levee failure, inasmuch as the resulting flow
impingement on the levee causes deeper scour at the toe of rock
protection. Flow impingement was particularly significant on the left levee
of San Jacinto River between sta. 164+00 and sta. 169+00. Upstream
from this location, the abrupt junction of Bautista Creek with San Jacinto
River and the protection wall upstream of the water-well area resulted in
impingement of flows at the upstream end of the right Indian levee with
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some distress at that point. The upstream end of the Indian levee
deflected flows across San Jacinto River to impinge at an angle of
approximately 25 degrees on the left levee at the above-referenced failure
location. This angle of impingement contributed to 75 to 95 percent of the
flow that passed through the levee break. Similar, but less noticeable,
irregularities in channel bank alignment farther downstream on San Jacinto
River and on Bautista Creek resuited in flow impingement at several
locations where levee distress occurred. Therefore, it is evident that
channel configuration contributed to levee failures by producing flow
impingement on levees that, in turn, produced deeper scour and
undermining of the levees.

Conclusions

Based on the information available, the Engineer Team has reached the
following conclusions regarding the causes of levee failures:

Failure of the levees, in whole or in part, was caused by undermining of
the levee toe, influenced by flow impingement due to adverse channel
configuration,

There is no evidence that inadequate or improper maintenance
contributed to the failure.

Considering the customary practices and procedures at the time of

construction, the project was constructed substantially according to
plans and specifications, These procedures did result, however, in

riprap levee slope protection that was, at some locations, somewhat
smaller than called for in the design.

The riprap protection was designed based on the criteria in effect at the
time. Present criteria would call for a thicker layer of heavier and more
uniformly graded riprap.

The depth of scour was properly recognized in the original design of
the levee slope protection as an important design consideration;
however, the effect of flow impingement on producing greater depths of
scour in certain locations was not recognized, as riprap toe protection
was not taken to greater depths in those locations.

Two factors contributed to the failure of the Bautista Creek levee: (1)
inability to provide sufl icient depth of riprap protection to accommodate
the increased streambed degradation caused by reduction in sediment
load due to the presence of the upstream concrete channel and inlet;
and (2) the excessively steep streambed slope in the levee reach.
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2.4 Las Vegas 1975 Flash Flood

Reference: “A Brief Hydrologic Appraisal of the July 3-4, 1975, Flash
Flood in Las Vegas Valley, Nevada, (Katzer, T.L.; Glancy,
P.A.; and Harmsen, L., 1976).

This report focuses on the storm, flood characteristics, sediment transport,
and resulting damage of the 1975 Las Vegas flash flood. There were no major
flood-control projects in place at this time. (Subsequently C/ark County
completed flood-control facilities in 1987 (Reel & Bond, 1988) and the USACE,
Los Angeles District, is proceeding with a Las Vegas Wash & Tributaries project
that incorporates the earlier County project.) Portions of the report sections on
the flood characteristics and sediment transport are presented here because
they provide insight on the consequence of thunderstorm events on alluvial
fans and the resulting sediment and floodflow damage. Automobiles, roads,
and utilities were severely damaged from this event.

Background

Heavy thunderstorm precipitation on the afternoon of July 3, 1975, between
metropolitan Las Vegas and the mountains to the south, west, and north,
caused flashflooding in the city area. Total storm precipitation equaled or
exceeded 3 inches in some areas. Peak flows of Tropicana Wash, Flamingo
Wash, Las Vegas Creek, and Las Vegas Wash were the highest ever
determined.

Flood Characteristics

Source Area. The alluvial fan system southwest, west, and north of
metropolitan Las Vegas received the greatest amount of precipitation and,
therefore, contributed most of the runoff. The complex drainage patterns
superimposed on the alluvial surfaces indicate that this type of storm runoff
has occurred many times in the past. Much of the alluvial surface area was
inundated by shallow sheet flow. The vegetation on the alluvium is sparse to
moderate, consisting of desert shrubs and grasses, and is not very effective in
retarding flows and promoting infiltration, Thus, as sheet flow moves
downslope it tends to become channelized. As flow capacities of major
channels are sometimes exceeded, aerially widespread flooding occurs during
particularly large runoff events.
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Peak Flows. Hydrologically, the July 3, 1975, flood may have been the
greatest flood in Las Vegas history. Peak flows in most major drainages
exceeded those previously measured or estimated. However, quantitative
records are completely lacking on some earlier floods; therefore, the 1975
floodflows may have been exceeded in the past, at least at some sites along
some tributaries,

Peak flows at gages were determined and flood hydrographs were
developed for four recording stations. Flood peaks generally diminish in a
downstream direction in the absence of additional tributary inflow. This
reduction in peak flow is at least, in part, the resuit of some of the flow being
temporarily stored or retarded on the floodplain because of localized flooding.
Some of this localized flooding is frequently caused by flood debris clogging
bridge and culvert openings, thereby, reducing channel capacities and forcing
some flow out of the main channels,

The peak flow rates per unit area of contributing drainage area, are not
particularly great when compared to other flash floods in Nevada; in other
floods, peaks as high as 7,000 to 8,000 (ft3/s)/mi? from small drainages have
been determined by USGS investigations (data in files of the USGS, Carson
City, Nevada).

Las Vegas Creek probably peaked sometime about 4 p.m., P.D.T, and was
the first known tributary to peak on July 3, followed by Flamingo and
Tropicana Washes. The first flows reached the Flamingo Wash gaging station
at Maryland Parkway at 5:00 p.m., about 5 hours after the storm started, with
the peak occurring at 6:30 p.m. and lasting just a few minutes. By 7:30 p.m.,
the flood crest had dropped about 3 feet and was decreasing rapidly. This
was the only gaging station that operated throughout the peak-flow period,;
however, the gage became inoperative later during the flow recession. No
known data fix the time of peak flow on Duck Creek.

Flow Velocities. Mean velocities of peak flows at the indirect-measurement
sites are calculated to have ranged from about 2 ft/s on Tropicana Wash near
Interstate Highway 15, to as high as 15 ft/s on Las Vegas Wash near North Las
Vegas. Maximum point velocities within the cross sections at these sites are
unknown, but they are inherently somewhat greater than the average velocity.

One current-meter flow measurement was made during the flood in a
channel reach characterized by heavy salt cedar growth at the Las Vegas
Wash near Henderson gaging station. The measured stream discharge was
3,500 ft®s. Velocities ranging up to 3.4 ft/s in individual vertical sections were
noted, and the mean velocity for the entire cross section was 1.38 ft/s. This
measurement was made about 3 hours after the peak had passed.
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The approximate 4-hour time lag between the start of sheet flow on the
alluvial fans (about noon) and the beginning of flooding in the metropolitan
area (about 6.5 mi maximum distance), gives a general suggestion of the
average integrated flow velocities from points throughout the drainage. The
time of travel of the storm runoff, however, is the product of a complex mixture
of many factors and is, primarily, affected by storm and land surface
characteristics,

Sediment Transport

The intense rainfall and heavy runoff caused a substantial amount of
erosion, sediment transport, and sediment deposition. The field-
reconnaissance nature of this investigation did not allow any quantitative
measurements of erosion or sediment deposition. Also, an unknown fraction
of the total sediment transported by the storm runoff was deposited in Lake
Mead near the mouth of Las Vegas Wash and, therefore, is not readily
accessible to quantitative assessment. This report addresses only some of the
more obvious qualitative aspects of sediment erosion, movement, and
deposition by the flood.

Erosion. In spite of the reported intense nature of precipitation at many
localities from time to time during the storm, subsequent observations did not
generally disclose extensive rill erosion of the general landscape; however,
many striking examples of ditch, gutter, and gully erosion were seen
throughout areas subjected to intensive runoff. Major stream channels also
exhibited numerous striking examples of lateral channel cutting and bank
caving; however, obvious vertical downcutting along reaches of major channels
was not common in and near the metropolitan area, possibly because the
major channels are extensively underlain by deposits of caliche (calcite-
cemented alluvium) that effectively armor the streambeds against vertical
erosion. Vertical scour damage occurred locally at the downstream ends of
culverts and similar drainage structures. Some concrete protective aprons or
wingwalls were undercut and seriously damaged by the highly turbulent flow.
A particularly dramatic example of this type of damage occurred near the
mouth of Las Vegas Wash, where concrete box culverts through the high fill of
Northshore Road were progressively undermined after turbulence and vertical
channel downcutting of flood flow destroyed the effectiveness of the protective
riprap armor lining the channel, and mantling the downstream fill slope.
Damage at this site continued even long after peak flows had subsided, and
the highway fill section required extensive reconstruction to prevent complete
failure.

There was severe but typical examples of eroded roads at diverse locations
in the Las Vegas metropolitan area. In most situations, roads that were
overtopped by heavy flows failed from progressive headward channel cutting
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through the roadbed. In other places, road-surfacing was laterally displaced in
masse by streamflow. A particularly severe example of eroded roadway
occurred where Lamb Boulevard was cut by Las Vegas Wash a short distance
south of the intersection of Lamb Boulevard and Owens Avenue.

Probably the most pronounced example of vertical and lateral erosion
along a major stream channel occurred in the lower reaches of Las Vegas
Wash. The site is near the former location of a Geological Survey streamflow
gage that was lost when the stream bank eroded during the flood. Recent
drastic channel erosion in lower Las Vegas Wash had occurred prior to the
July 3-4 flood, but the floodflows greatly accelerated the erosion and were
largely responsible for the chaotic results.

The suspended-solids content of Las Vegas Wash at Nothshore Road still
showed pronounced effects of the flood 11 days after the peak flow, and had
not recovered to “background” levels more than 4 months after the flood.

Lateral channel cutting by overbank floodflows also affected constructed
features other than road surfaces. The overbank flow undercut masonry block
walls, sidewalks, street curbing, sewer lines, and street signs.

A minor erosion problem, having the potential for serious consequences,
was the exposure of a natural-gas line by erosion. The line was constructed
on top of the land surface and covered only with a relatively thin blanket of
alluvium. The path of the pipeline lies across numerous shallow gullies that
drain surface flow down the alluvial fan, creating the potential for exhumation
by moderate to heavy surface runoff. An exposed pipeline would be
vulnerable to further flood damage and vandalism that could trigger more
serious problems.

Sediment Deposits. Sediment deposits created many problems and may
actually have caused greater overall economic damage than that damage
caused by erosion. One of the most obvious sediment deposits that received
early cleanup attention was in Flamingo Wash at the Caesars Palace parking
lot. Although the deposit covered only a few acres at most, cleanup probably
involved removal of several acre-feet of sediment,

Another obvious problem area of sediment deposition was at Winterwood
Golf Course near the junction of Flamingo Wash, and Las Vegas Wash in
southeast Las Vegas. The deposits covered many acres, but the depths of

most of the deposits are uncertain. Total volume of the deposits was at least
several acre-feet.

Sediment was also profusely deposited on numerous streets, highways,
lawns, and in homes, businesses, and other buildings. Cleanup of much of
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this sediment probably accounted for a large part of the cost of the flood
damage. Sediment deposition at the delta of Las Vegas Wash in Lake Mead
was probably great. The effects of this sediment transport on lake and stream
biota are unknown, but may have been significant.

Patti&-Size Distribution of the Transported Sediment, The sediment loads
transported by floodwaters consisted of three basic components:

1) Man-made objects
2) Natural organic debris (mostly trees and brush)
3) Natural inorganic particles (mineral and rock material)

Man-made Objects. This component was probably the smallest volume of
material transported, but involve the greatest economic impact because of
the high financial losses associated with displacement and damage of
automobiles and other expensive articles.

Natural Organic Debris. Organic debris probably makes up a minor
fraction of the total weight and volume of all sediment transported, but was
important because the debris and man-made objects together effectively
blocked and clogged culverts. The clogged drainage ways ponded and
diverted floodflow, which caused increased flooding and damage. The
bulky character of much of the organic debris and the man-made objects,
as well as their generally floatable nature, contributes to the clogging
problems. Fine-grained organic debris and small man-made objects
probably had only minor effects on the floodflow movement.

Natural Inorganic Particles. The nonorganic mineral and rock material
made up the majority of the weight and volume of sediment transported
and deposited by the flood. Almost all observed sediment deposits, both
overbank and in-channel, were dominated by fine-grained sediments (sand,
silt, and clay). Undoubtedly, some coarse material moved, but cursory
visual inspection suggests that gravel and boulders were only a minor part
of the total weight and volume of transported sediment. The main-channel
flow commonly displayed the competence to move automobiles, concrete
drainage pipe, and other large heavy objects over considerable distances;
therefore, if gravel and boulder transport did not occur, it was probably
because that size of material was unavailable for transport in most major
channels. The particle-size distribution of the sediment apparently moved
by the flood was, therefore, controlled more by availability than by the
competence of flows required to move it.
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Damage

Heavy damage occurred along Flamingo Wash in the vicinity of Caesars
Palace, where automobiles were parked in the floodplain, despite several signs
warning of flash floods. Several hundred cars were damaged by submersion
and collisions when they were moved by the floodwaters. Many of the vehicles
were piled up at the entrance to drainage structures under Las Vegas
Boulevard South, commonly referred to as “The Strip.” The obstructions
caused increased backwater, and more cars and a larger area were inundated.

Many automobiles in various parts of the flooded city suffered similar
consequences. Several autos were lost when they were driven onto flooded
sections of streets and the flows swept the vehicles off the roadways.

Overbank flooding of major creeks caused great damage to buildings that
were invaded by the turbid water. Many utility poles tilted to non-vertical
positions during the flood. Streets were inundated and later, left coated with
sediment, as were lawns and other improved real estate features. Curbs and
drainage structures were undermined and pipelines were exhumed and
commonly damaged. Sewage plants were inundated and deactivated by mud
and water.

2.5 Saddleback Diversion Harquahala Valley

Watershed
Location: Maricopa County, Arizona
Reference: Engineering Report, “Saddleback Diversion Harquahala

Valley Watershed” (SCS, 1987).
Project Description

Saddleback Floodwater Diversion Channel is a 4.73-mile-long channel that
takes the principal spillway outflow from Saddleback Flood Retention Structure
(FRS). Approximately 1,900 feet of the channel from the FRS to the
Courthouse (McDowell Road) bridge is lined with grouted rock riprap, shown in
Figure 2-3. Downstream from the bridge, the unlined channel intercepts
,drainage from an 8.6-square-mile area across an alluvial fan. There are four
grouted rock drop structures to maintain grade and to reduce velocity within
the channel. The diversion channel outflow is a natural alluvial wash in an
undeveloped area. The diversion protects agricultural development adjacent
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Figure 2-3  Lined Diversion Channel, Looking Upstream Toward FRS

to the diversion. Figure 2-4 is a photocopy of the project alignment on a site
photograph, flown in March 1976, (north direction is the bottom of the page).

Runoff from the fan area flows into a collector channel running parallel to
the diversion channel. A collector dike separates the collector channel from
the diversion channel. The dike has a 12t top width and a 3-to-I-side slope
toward the collector channel. The collector channels were formed as “lateral
swales” to direct the overland flow into side inlets located along the length of
the diversion channel. The collector channels were a maximum of 2 feet deep,
with approximately, a 4-to-l-side slope toward the natural fan, and bottom
widths ranging from 10 to 30 feet. Figure 2-5 shows a plan view of the
collector channel (labeled: lateral swale) and side weir inlet, plus a cross-
section view (B) of the collector channel and dike.

The original project had 18 side inlets at locations where the diversion dike
intercepts natural washes that drain the west slopes of Saddleback Mountain.
The side inlets are trapezoidal-shaped weirs, 2 feet deep, with 10 to 60 feet
bottom widths, and 3-to-I-side slopes. (See Figure 2-5. As-Built Drawing.)
The widths were sized based on the estimated contributing area for each inlet.
All but one inlet are protected with grouted rock 2 feet thick. The diversion,
side inlets, and collector channels were designed for a 50-year, 24hour storm.

36

Chapter 2. CASE STUDY REPORTS



N3ENG NvA

L8

113AIS00Y

483RD

RRELLUELR] 38NOH LENOD

€ SADDLEBACK FRS

Figure 2-4 Site Photograph Showing Diversion Location Across the Fan

Chapter 2. CASE STUDY REPORTS



3
< ~
3 3 3
AR R 3%
i a .
Nel 33 S 318
Ay I S
i8] <
A LS LS ~ c,
-’@ T < Q_ 1“ —— A
“alsl o O L, @/
{ BE % =2
Hr
d <Nl
/‘/y r &5 T
EN
e
22-d Low - lu = Flow % \2y
P — et E— .__.Q ._-...,‘§¥ \ - —_—
ez SGrovted L
Rl
a 4 f/‘mct\
T i he L A
- L0
‘R
= Gy >
b * e
l\\ l:l LCO
N Bt 4
“ Pl
T | < a9 /]é\
9§ ~| ™ 9
AR ul; N
o M RN b
< Q \: :‘\ Q
4y
SlebONE &
PLAN
NT3
. . Larerol Iea
PO FrAE W Grics =
See plon § profie TM"‘
Slecra
- /Approrr'rna/c
- L __:_{'f'if_,',.«q. ground
abpc wIriw s, dod pals P
Channct inver
SECTioN
~NT3
igure 2-5 As-Built Drawing: Collector Channel and Side Weir

38

Chapter 2. CASE STUDY REPORTS




Flood Experience

On September 2, 1984, a storm passed through the watershed with an
approximate duration of 4 hours. The storm produced an estimated outflow of
739 ft%s at the Saddleback FRS outlet and approximately 12,355 /s at the
diversion outlet, The design discharges are 1,120 ft%/s and 6,060 ft%/s,
respectively. The diversion performed well during and after the storm, with a
maximum water level within 1 ft of the top to the diversion dike. There was
little erosion damage to the diversion channel.

The runoff from the alluvial fan caused sediment bar development in the
collector channels, which caused the collector dike to be overtopped by
floodwater; 15 of the side inlets were overtopped or flanked by erosion through
the abutments. The damage occurred even in locations where the inflow did
not exceed design discharge. Figure 2-6 shows severe erosion to the levee
due to overtopping (Photo No. 9 from referenced report). The grouted side
inlet is on the right edge of the photo and a small gully through the levee is at
the left of the grouted inlet.

Evaluation

An engineering evaluation was performed by the Soil Conservation Service
(SCS) and reported in the referenced Engineering Report. This project
summary paraphrases sections of that study report. The project has been
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Figure 2-6 Severe Erosion on North Side from Overtopping (photo
No. 9 - Station 80+12 /n/et #7)
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completely repaired and was in excellent condition when the site was visited
on November 3,1990.

While the storm event generally exceeded the design capacity at some
locations in the project, the accumulation of sediment across the collector
channels caused overtopping and breaching of the collector dikes. The storm
caused flow braiding on the alluvial fan, erosion, and deposition of sediment in
the collector channels. The collectors were not designed with sedimentation
considerations, and there was no freeboard added to the dike. The
accumulation of sediment deposits in the collector channel reduced the
capacity and effectiveness of the collector to distribute the fan runoff to the
side inlets.

There were locations on the fan where new drainage channels were formed
during the event. Beside the contribution of sediment, these shiis in runoff
changed the contributing area to some of the inlets; therefore, some inlets
received runoff from more area than expected, while others had a decrease.

The SCS Engineering Report identiiied the following design criteria that
need to be re-examined:

Freeboard requirements for side inlets
Freeboard requirements for collector channels
Sediment accumulation in collector channels

Over-designing collector channels to account for shifting, braided flow
on alluvial fans

The project has been repaired with the following treatments:

Side inlets were repaired and some enlarged or additional inlets were
added to increase capacity.

Collector channels were enlarged to provide for sediment.

Additional side inlets were placed in locations where new major washes
developed.

While the overflow of the collector dike required considerable repair, all the
overflowing water was carried by the diversion channel, which performed well
during and after the storm.
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No probability was assigned to the 1984 storm, but it did exceed the 50-
year design discharges at the lower end of the project. With additional
capacity, this project should be able to offer flood protection at the I-percent-
annual chance level.

2.6 Lowell Creek Diversion

Location: Seward, Alaska

Reference: Office Reports and Project Files, USACE, Alaska District,
Anchorage, Alaska.

Project Description

The project consists of a dam and emergency spillway that diverts Lowell
Creek at the apex of the fan into a tunnel such that flows are completely
removed from the fan, as shown in Figure 2-7. The drainage area upstream of
the project is 4.02 mi2. The diversion dam is about 400 feet long with a

maximum height of 25 feet, The uncontrolled spillway is about 60 feet long, .

with a crest elevation 4 feet below the top of the dam. Flow overtopping the
spillway would follow the former course of Lowell Creek through the City of
Seward. The diversion tunnel is a 10-ft horseshoe about 2,000 feet long, on a
gradient of 4.3 percent. A sharp drop at the tunnel entrance accelerates the
water to a velocity of about 40 ft/s. This high velocity is necessary to ensure
that all debris will pass i