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I. INTRODUCTIOE

Purpose and Scope

1-01 Geotechnical investigations were conducted to determine and

evaluate the topography, geology, and groundwater and foundation

conditions of the Lower Santa Ana River. This appendix provides a

description of the project area; the geology, faulting and seismicity;
groundwater conditions; describes the geotechnical explorations and

testing performed; presents the existing foundation conditions; and

parameters used in the project design. Recommendations are given for

foundation treatment, embankment oesign, subdrainage systems, disposal

site compatibility, and construction applications.

Location

1-02 The channelization measures for the Lower Santa Ana River
discussed in this report extend approximately 23 miles through the

northwestern portion of Orange County, California. The project begins

at Weir Canyon Road and ends at the Pacific Ocean between Huntington and

Newport Beaches. Localized improvements are also proposed within Santa
Ana Canyon, immediately below Prado Dam. The proposed project is shown

on plate 1. All Lower Santa Ana River stationing within this report is
based upon the Phase I GDM alignment, as shown in table A. The Santa
Ana Canyon stationing will not be adjusted.

Description of Existirg Condition

1-03 Channelization of the Lower Santa Ana River, from Weir Canyon Road
to the Pacific Ocean, currently consists of several types. Typical
channel sections are described in the following paragraphs. The reaches
are defined by the existing geometry and structures. A tabulation of
designed and existing conditions along the Lower Santa Ana River is
shown in table 1. Typical existing cross-sections from the original
construction drawings are shown on plate 2.
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Table A. Lower Santa Ana River.

Phase I-Phase II Stationing
Equation Table

Landmark Phase I Station Phase II Station
(as used in this appendix)

Weir Canyon Road 1202+00 1207+10
Imperial Highway 1057+50 1055+50
Lakeview Avenue 975+50. 983+48
Riverside Freeway 918+50 926+28
Santa Fe Railroad 890+00 897+80
Lincoln Avenue 813+50 821+50
Ball Road 742+00 749+30
Kate lla Avenue 70 1+00 708+92

Orange Freeway 675+00 682+45
Santa Ana Freeway 617+50 625+40
Garden Grove Freeway 595+00 603+17
Santiago Creek 558+50 566+00
17th Street 513+50 521+30
Edinger Avenue 385+00 392+80
Harbor Boulevard 342+00 349+90
San Diego Freeway 254+34 262+20
Adams Avenue 163+71 171+32
Fairview Channel 145+00 150+32
Hamilton-Victoria 82+16 90+40
Pacific Coast Highway 9+47 17+20

WEIR CMYCa ROAD TO KATELLA AVENUE

1-04 From Weir Canyon Road downstream to a point about 1100 feet south
of Katella Avenue, a distance of 9.5 miles, the existing channel is
trapezoidal in cross section with a soft bottcm invert and stone
revetted side slopes of 1V on 2H, extending to a depth of 9 feet below
invert. It has a base width ranging from 300 feet at the upstream end
to 320 feet near Katella Avenue, and levee heights ranging from 12 to
14 feet. Below Imperial Highway, to Katella Avenue, a series of water
retention basins exist which parallel the river outside the right
levee. The water elevation in these basins is controlled by weirs and
is retained at an elevation approximately level with that of the
adjacent river invert. Within this reach there is one invert stabilizer

and eight drop structures.
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KATrL AVLNUE TO GARDEN GOVE FREEAY

1-05 Downstream from Katella Avenue to the Garden Grove Freeway, a
channel reach of 2.1 miles, the earth-bottom trapezoidal channel has a
base width varying between 240 to 270 feet, a levee height ranging from
12 to 16 feet, and side slopes changing from 1V on 1.5H to 1V on 3H.
The upper 500 feet of channel with the steeper side slopes has concrete
slope protection, and the remaining reach of this channel has flatter
stone-revetted slopes, extending to a depth of 9 feet below invert.
Within this reach of channel, two drop structures, approximately one
mile apart, were constructed by the Orange County Flood Control
District. There are also two invert stabilizers.

GARDE GEDVE FREEWAY TO 17TH STREET

1-06 For a distance of 1.5 miles, from south of the Garden Grove
Freeway to the vicinity of north of 17th Street, the river has only
limited improvement. About half of the banks are protected by pipe and
wire fence, and the remaining banks within the River View Golf Course
are stabilized by turf. One drop structure has been constructed at the
southern end of this reach.

17TH STREET TO ADAMS AVEIUE

1-07 From approximately 1200 feet upstream of 17th Street to about
3000 feet downsteam of Adams Avenue, a reach of 7.4 miles, the channel
is well entrenched with a soft bottom, trapezoidal cross section, and
levee heights ranging from 13 to 17 feet. The side slopes, varying from
1V on 1.5H to 1V on 2H, are protected with reinforced concrete, which
extends 8 feet below invert. The base width of the channel varies
significantly within this reach, ranging from 180 to 230 feet. Since
1980, seven invert stabilizers have been constructed within this reach.

ADAMS AVENUE TO PACIFIC OCEAN

1-08 Downstream from Adams Avenue for a distance of 1.8 miles, the base
width of the soft-bottom trapezoidal channel varies from 230 to 160
feet. The channel height varies from approximately 16 to 18 feet. The
side slopes of the channel are 1V on 1.5H and are protected with
reinforced concrete, which extends to 4 feet below invert. A riprap toe
protection continues to a depth of 7 feet below invert.

1-09 From the above reach to the Pacific Coast Highway, the distance is
0.6 miles. The channel base width is 160 feet except at the downstream
0.2 miles where the width changes to 180 feet and the soft-bottom
channel changes in cross section from trapezoidal to rectangular. The
wall height for both types of channel sections is approximately 16 feet.
The vertical channel walls are constructed with reinforced concrete.
The invert is concrete paved.
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1-10 The outlet of the Santa Ana River is located south of the Pacific
Coast Highway in Huntington Beach where the river enters the Pacific
Ocean. The outlet consists of a transition section, from rectangular to
trapezoidal, with a stone jetty containment. The 700-feet long channel
reach has a soft bottom invert with a base width that increases from 180
to 316 feet, as the Greenville-Banning and Huntington Beach channels
converge with the Santa Ana River at the mouth.

SANTA lA ChIYM

1-11 This portion of the Santa Ana River is located just below Prado
Dam in an area that has limited development and minor floodproof
improvements, by locals, scattered throughout this reach. The
entrenched river meanders through the 9-mile long canyon with a base
width ranging from 250 feet at the drop structure to approximately
100 feet in the Green River Golf Course area. At the drop structure,
there is an approximately 8 feet change in elevation of the river with
the surrounding terrain being typical of flood plain areas. At the
Green River Golf Course, the river flows under the Santa Fe railroad
bridge and continues on through the golf course in a well defined path
flowing under several foot and golf cart bridges. The surrounding
floodplain area (golf course) is a well kept grass with many mature
trees and shrubs.

Description of Proposed Improvements

1-12 The Lower Santa Ana River improvements vary according to the
parameters of hydraulic capacity, right-of-way constraints, and
geotechnical conditions. For the purpose of geotechnical analyses,
seven reaches of the river have been identified as having distinguishing
characteristics. The proposed project is described in the following
subparagraphs in terms of the unique geometric conditions of each
particular reach. See plate 3 for proposed typical cross sections of
each reach. The geotechnical conditions within these reaches will be
discussed in subsequent paragraphs. A summary of the future flow
conditions, including the design flow of 30,000 cfs, is presented below:

All River Plan - Future Flow Conditions

Q - cfs 2000 5000 10,000 20,000 30,000

Days
Exceeding 3490 1512 655 201 10

Q
in 100 years
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WEIR CIMYW ROAD TO IMPERIAL HIGHWAY, (RUCH 1; Main Beport-Sta. 1207+10
to 1055+50; This Appendix-Sta. 1202+00 to 1057+50).

1-13 Along this 3-mile reach the existing cross-section of channel will
be utilized to the extent practical. Two new drop structures will be
constructed between Weir Canyon Road and Imperial Highway to supplement
the existing one, with four stabilizers added between the drop
structures. Material between invert structures will be removed and the
result will be that the invert level will be about 5 feet lower. The
new levee crest will be about the same or up to 4 feet higher than the
existing, depending on the location. The levee slopes will be revetted
with grouted stone.

1-14 As the levee height is increased on the south side of the river
upstream from Imperial Highway, the levees will be built upward and
outward into the existing river channel. The close proximity of the
Riverside Freeway on the south side makes it impractical to encroach
into the freeway right-of-way. In order to obtain a usable channel base
width of between 290 and 300 feet it will be necessary to rebuild about
2-1/2 miles of the existing north levee. The channel centerline would
be shifted about 20 feet northward. A transition will bring the channel
back to the existing centerline just upstream of the Imperial Highway
bridge.

IMPERIAL HIGHWAY TO KATELA AVENUE, (REACH 2; Main Report-Sta. 1055+50
to 708+92; This Appendix-Sta. 1057+50 to 701+00).

1-15 Improvements in this 7-mile reach will consist of upgrading the
existing trapezoidal earth-bottom channel. To provide greater channel
capacity, levee heights will generally remain at the existing height,
but will be raised up to 3 feet, depending on location with respect to
drop structures. Typically, the channel side slopes will be revetted
with grouted stone. Approximately 1 mile of channel slopes, however,
will be covered with riprap. The rock toe revetment will be extended to
a lower elevation. The seven existing drop structures will be
hydraulically redesigned. Twelve new invert stabilizers will be located
within this reach. The spreading basins adjacent to the flood control
channel will remain. At bridge crossings, a minor amount of work will
be necessary; for example, access ramps above and below the bridges will
be provided or restored as necessary. Ramp work will be designed by the
County.

KATELA AVUIUE TO SANTIAGO CREEK, (REACH 3; Main Report-Sta. 708+92 to
566+00; Thiu Appendix-Sta. 701.00 to 558+50).

1-16 In the 3-mile reach of river from south of Katella Avenue
downstream to the Garden Grove Freeway, the channel will be trapezoidal
with a soft bottom. The existing channel base width narrows from about
320 feet upstream of Katella Avenue to 270 feet downstream. Rather than
widen the channel, the levee crest levels will be raised about 3 to
5 feet. The channel will continue with about a 270-foot base width and
an average 16-foot depth, to the confluence with Santiago Creek. The

)
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revetment will be strengthened by the uses of approximately 1 mile of

grouted stone slope protection, and a generally larger riprap size.
There are three new drop structures and five new stabilizers in this
reach.

TGIO CREEK TO ITIH ETRET, (REACH 4; Main Report-Sta. 556+00 to
521+30; This Appendix-Sta. 558.50 to 513+50).

1-17 At the Santiago Creek confluence, the east revetment will bend
around to the north bank of the creek and stop about 200 feet upstream.
On the west side of the river, a grouted stone slope will continue to a
transition into a concrete channel about 700 feet upstream from
17th Street. A grouted stone drop structure will be constructed
immediately upstream from the Santiago Creek confluence.

1711 STRUT TO FAIRVIE CHANNEL, (REACH 5; Main Report-Sta. 521+30 to
150+32; This Appendix-Sta. 513+50 to 1115+00).

1-18 This 7-mile reach of channel currently has concrete side slopes
extending about 8 feet below the existing soft bottom invert. To gain
more capacity, the recommended plan calls for conversion to a paved,
hard bottom channel.

1-19 In the reach from 17th Street down to about the San Diego Freeway,
the top width of channel would be about the same as the existing top
width, in the range of 242 to 250 feet. The slopes and invert would be
paved. The channel will be about 18 feet deep.

1-20 South of Edinger Avenue, the river is no longer deeply
entrenched. The levees rise to about 12 feet above the natural ground
line, with the river bottom only about 3 feet below the ground line.
The river bottom will be lowered an average of about 5 feet in order to
increase channel capacity.

1-21 In the reach from the San Diego Freeway down to the Fairview
channel, the top (and base) width of channel would be about the same as
the existing top width, but within this reach the channel would be
converted to a rectangular, hard-bottom channel.

1-22 Near Adams Avenue, the channel gradient flattens from 9 feet per
mile to about 3 feet per mile. At this point the concrete channel will
widen from 250 to 365 feet, and the wall heights will increase from
about 18 to 21 feet to accommodate the slower flow. To avoid additional
right-of-way requirements along the east side of the Greenville-Banning
channel near Adams Avenue, the Santa Ana and Greenville-Banning channels
will be located very close to one another. Thirty feet of clearance
will be maintained between the two channels to provide for an elevated
access road. Ramps constructed along the reach will provide access into
the concrete channel. At several bridges, tunnel underpasses will be
constructed to retain grade-separated crossings. Several bridges will
be rebuilt or modified. All bridge, tunnel and ramp improvements will
be designed by the County.
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FAIRVIEV CHIEL TO HAMILTON-VICTORIA STRET, (REACH 6; Main Report-
Sta. 150+32 to 90O0; This Appendix-Sta. 145+00 to 82+16).

1-23 The Santa Ana River will transition and widen to 450 feet in the
area adjacent to the Greenville-Banning channel confluence with the
Fairview channel. The main channel will transition from concrete to
soft bottom with revetted slopes. A soft bottom (approximately 8 feet
lower than the existing) is required in this tidal zone of the Santa Ana
River for environmental reasons. The Greenville-Banning channel will
parallel the Santa Ana River as a concrete bottom channel.

HAMILT(N AVENUE-VICTCIA STREET TO THE PACIFIC OCEAN, (REACH 7); Main
Report-Sta. 90+40 to End; This Appendix-Sta. 82+16 to End).

1-24 The Santa Ana River and Greenville-Banning channels will be merged
into one common soft bottom channel just below the Hamilton Avenue-
Victoria Street Bridge. The Santa Ana River and Greenville-Banning
combined channel will be about 22 feet deep and 480 feet wide. The
channel bottom will be lowered to 10 feet. The revetted channel slopes
will continue to within 500 feet of the ocean; at that point, the
channel walls will transition to stone jetties that extend to the low
tide line.

SANTA ANA CANYON

1-25 The Corps of Engineers will construct localized improvements in
the canyon reach, to supplement existing improvements by others. The
proposed Corps improvement at the existing drop structure (below
Hwy. 71) will consist of extending a 23 foot deep steel sheet pile wall
on both sides. The sheet piles will extend 45 degrees back from ends of
the drop structure, for a length of 100 feet, to prevent eddy current
erosion.

1-26 The proposed Corps improvement at the Green River Golf Course area
will consist of a levee along the south side of the river to protect an
existing mobile home park. The upstream portion of the levee will tie
into the existing Santa Fe bridge abutment and the dowstream end will
tie into the Riverside Freeway (State Highway 91). The levee will be
approximately 4 feet higher than the existing ground surface and the

riprap slope protection will extends downward at a 1V on 2H slope
approximately 40 feet to provide protection below the river's thalweg.

MATERIAL DISPOSAL

1-27 During construction of the river channel, an estimated 4.5 million
cubic yards of material will be excavated from the channel bed. Some of
the required excavation will be used for channel improvement. The
excess material, which naturally would be deposited in the ocean by
floodflows, may be placed on neighboring beaches between Anaheim Bay and
Newport Bay if it is deemed suitable for such use. Additional inland
disposal sites have been identified, by utilizing existing landfill
operation and depleted gravel mining sites. The inland disposal sites
are discussed in the environmental appendix.
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11. GEOLOGY

Topography

2-01 The Lower Santa Ana River project is situated within the
southeastern (Orange County) part of the Los Angeles basin (see fig. 1),
a broad alluviated lowland plain on the coast of southern California at
the north end of the Peninsular Ranges province. The physiographic
basin is bounded on the east and southeast by the Santa Ana Mountains
and San Joaquin Hills and on the northwest and north by the Santa Monica
Mountains and the Elysian, Reppetto, Puente and Chino Hills of the
Transverse Ranges province. Elevations in the rolling hills to
mountainous terrain that rim the coastal plain range from 200 feet to
more than 5000 feet above sea level.

2-02 The Santa Ana River has its headwaters in the San Bernardino
Mountains and flows across the Upper Santa Ana Valley to Prado Dam.
Downstream from Prado Dam, the Santa Ana River flows through the
relatively narrow steep-sided Santa Ana Canyon for a distance of
approximately 9 miles. The north side of the canyon is bounded by the
rolling topography of the Chino Hills (also known as the eastern Puente
Hills). On the south side, the more rugged, higher, and more
geologically diverse Santa Ana Mountains bound the canyon. Downstream
from Santa Ana Canyon, the river flows across the Los Angeles basin,
also referred to as the central plain in figure 2. The river flows
through a coastal lowland known as the Santa Ana Gap before entering the
Pacific Ocean. The gap is an alluvial valley about 2-1/2 miles wide,
bounded on either side by highland areas known as the Huntington Beach
and Newport Mesas. The mesas range in elevation from about 50 to
85 feet higher than adjoining areas in the gap.

Regional Geolo

2-03 The Los Angeles basin is underlain by a northwest trending
structural depression (see fig. 2), parts of -which have been the site of
discontinuous deposition since late Cretaceous time and of continuous
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subsidence and deposition since late Tertiary time (Yerkes and others,

1965). The Precambrian to Cretaceous age igneous and metamorphic

basement rocks are overlain, in the deepest part of the basin, by

approximately 30,000 feet of chiefly marine sediments ranging in age

from Cretaceous to Holocene (Recent). Locally around the margins of the
basin, particularly in the Santa Ana Mountains, these sediments have
been stripped away by erosion to reveal the complex assemblage of
basement rocks. A geologic map of the project area is shown on plate 4.

2-04 The Los Angeles basin in late Tertiary time extended well beyond
its present day margins. However, tectonic forces subsequently produced
several smaller depositional basins including the San Fernando,
San Gabriel and Upper Santa Ana inland valleys. The rapidly rising
mountains bordering the basin as well as changes in the sea level began
to affect the cycle of erosion and deposition. As a result, up to
several thousand feet of alluvial sediments derived from the surrounding
highland areas were deposited in the ever deepening basins during the
Pleistocene; a process which continues even today.

2-05 Near the mouth of the Santa Ana River, at the Santa Ana Gap, the
geologic conditions are further complicated by deformation and uplift
along the Newport-Inglewood structural zone. As a result of this
deformation, early Pleistocene formations are exposed in mesas on either
side of the river. The gap itself was created near the end of the
Pleistocene when a major decline in sea level occurred. The ancestral
Santa Ana River, in response to this changing base level, eroded a
valley, the Santa Ana Gap, about 200 feet deep across the elevated
coastal plain. After the last of the ice age glaciers melted and the
sea level began to rise, the river began to aggrade, depositing coarse
alluvium (the Talbert aquifer). As the rate of sea level rise slowed,
the sediments became finer grained. These relatively impervious silts,
clays, and organic deposits effectively confined the very permeable
sands and gravels below. Generally speaking, these finer grained
deposits are present from the Pacific Ocean to just below the confluence
of the Santa Ana River and Santiago Creek. As a result, the Los Angeles
basin in Orange County is hydrologically divided into two main
subbasins (see fig. 3), the Santa Ana Forebay, which occurs generally
north of the Santa Ana Freeway and is characterized by unconfined
groundwater and the Santa Ana Pressure Area, which lies south of the
freeway and is characterized by confined groundwater (California
Department of Water Resources, 1959).

Local GeolW

MERAL

2-06 The Los Angeles basin contains a thick succession of Late
Cretaceous through Pleistocene marine and nonmarine clastic sedimentary
rocks and interbedded volcanic rocks of middle Miocene age. This
assemblage overlies rocks of the Jurassic to Late Creteceous-age
basement complex. Regional stratigraphic studies infer that, in the
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central part of the basin, the lower parts of this succession are

thinned or missing beneath younger rocks; the Pliocene and Quaternary
strata are as much as four times as thick as in the Santa Ana Mountains;
and the entire depositional sequence attains a maximum thickness of
about 30,000 feet (Yerkes and others, 1965). The basement complex
includes the Bedford Canyon Formation, the Santiago Peak Volcanics, and
intrusive plutonic rocks of the southern California batholith.

COASTAL PLAIN

2-07 The lowest sedimentary rocks overlying the basement complex

consist of up to approximately 10,000 feet of predominantly sandstone
and conglomerate of Late Cretaceous to early Miocene age. These rocks
are overlain by up to several thousand feet of middle and upper Miocene
marine sandstones, siltstones, and conglomerates assigned to the Topanga
and Puente Formations. Locally, thick sequences of Miocene age
intrusive and extrusive igneous rocks occur in several parts of the
basin. Rocks of Miocene age are overlain by about 2000 feet of
lithologically similar marine sediments of the early Pliocene lower
member of the Fernando Formation. The upper member of the Fernando
Formation, locally called the Pica Formation, follows in stratigraphic
sequence, and consists of up to 5000 feet of Late Pliocene age marine
sediments, similar in composition to those of the lower member.
Pleistocene marine and nonmarine deposits range in thickness from about
200 to 2500 feet. They are divided into the San Pedro Formation of
early Pleistocene age, unnamed middle Pleistocene deposits, and the
La Habra Formation of Late Pleistocene age. In the Santa Ana Gap, the
entire upper Pleistocene section, which ranges in thickness from 0 to
400 feet, has been designated the Lakewood Formation by the California
Department of Water Resources (1961). Sediments of Holocene (Recent)
age consist of alluvial and littoral deposits of clay, silt, sand,
gravel, and peat. In the Santa Ana Gap, the Recent unit has been
divided into upper and lower zones. Fine sand, silt, and clay of low
permeability form the upper zone above the permeable coarse sands and
gravels of the lower zone. These deposits range in thickness from 0 to
a maximum of 180 feet in the Santa Ana Gap.

SANTA ANA CANYCE

2-08 The Santa Ana Canyon is approximately 9 miles long and only
0.3 miles wide at the narrowest place, just below Prado Dam. The
Quaternary alluvial fill in the canyon has a nearly uniform thickness of
from 80 feet near the upper end to 100 feet in the lower part. The
alluvial deposits are coarsest at depth, where boulders from 1 to 2 feet
in diameter are present. The deposits are predominantly sandy near the
surface. The bedrock floor beneath the stream ,ed alluvium is deeper
above the head of the canyon and below its mouth. Remnants of alluvial
material deposited by the Santa Ana River at elevations now above the
active stream channel are present as terraces on both sides of Santa Ana
Canyon. Bedrock exposures in the mountains and hills which border the
canyon consist generally of marine and nonmarine sandstones, siltstones,
and conglomerates of Late Cretaceous to Pleistocene age. Rocks of the
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older basement complex, consisting of Santiago Peak Volcanics and
related intrusive rocks, outcrop near the upper end of the canyon in the
Santa Ana Mountains.

GEOLOGIC STRUCTURE

2-09 The depth to the basement surface along the Santa Ana River is
influenced by several northwest-trending structural features, the major
ones being a doubly plunging synclinal trough underlying the central
part of the basin and an anticlinal feature known as the Anaheim nose
(see fig. 2). Depths to basement rock range from about 14,000 to
16,000 feet below sea level in the Santa Ana Gap area, rising gently to
an average subsea depth of 9500 feet in the axial part of the Anaheim
nose. The northeast flank of the anticline slopes down to an average
subsea depth of about 12,000 feet in the lower portion of the Santa Ana
Canyon area. Depths to basement rock are much shallower in the upper
reaches of the canyon, where they have been complicated by faulting.

Faulting

GEERAL

2-10 The Lower Santa Ana River, like most locations in southern
California, is surrounded by active or historically active faults
capable of generating earthquakes which could cause seismic shaking
along the river. The most significant of these faults are listed in
table 2 along with the magnitudes of maximum probable and maximum
credible earthquakes, and postulated maximum horizontal accelerations in
rock attenuated to the nearest limits of the project. The maximum
credible earthquake (MCE), as defined by the U.S. Army Corps of
Engineers (1983b), is the earthquake(s) associated with specific
seismotectonic structures, source areas, or provinces that would cause
the most severe vibratory ground motion or foundation dislocation
capable of being produced at the site under the currently known tectonic
framework. It is determined by judgement based on all known regional
and local geological and seismological data. The maximum probable
earthquake (MPE), however, is the earthquake that by probabilistic
determination of recurrence could occur during the design life of the
project. The major structural features within a 100-mile radius of the
project area are shown on plate 5. The Lower Santa Ana River
improvements between Prado Dam and the Pacific Ocean are in close
proximity to or actually cross three main separate zones of faulting
(see pl. 4), which are discussed in the following paragraphs.

WHITTIER FAULT ZOE

2-11 At the upstream end, the Whittier fault zone lies approximately
1 mile north and 0.5 miles south of the Weir Canyon Road and Green River
Golf Course improvements, respectively. The Whittier fault zone, which
consists of northwest trending sub-parallel branching and en echelon
faults, extends from Whittier Narrows in Los Angeles County to Santa Ana
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Canyon, a distance of about 25 miles, where it merges with the Elsinore
fault zone, and continues through the Peninsular Ranges to the Gulf of
California. As stated previously, lateral and vertical movement along
the Whittier fault, since the late Tertiary, is at least partially
responsible for the formation of the Chino Hills. Recent fault
investigations along the trace of the fault have uncovered offsets in
Holocene age alluvium (Dames and Moore, 1980). In addition, both micro
and macro seismicity in the area suggest that the Whittier fault is
active (Dames and Moore, 1980).

2-12 North of the Whittier fault zone lie two subsidiary west-trending
faults, the Scully Hill and the Aliso Canyon faults (see pl. 4). The
projected trace of the Scully Hill fault crosses the alluvial fill of
the Santa Ana Canyon about 1200 feet north of the proposed Green River
Golf Course improvements while the inferred trace of the Aliso Canyon
fault is just below Prado Dam and less than 100 feet south of the Prado
Dam outlet channel drop structure. These faults may be associated with
either the Whittier or Elsinore fault zones, but they do not appear to
be direct extensions or splays of either (Woodward-Clyde Consultants,
1980). The activity of these two faults is not known but apparently
unfaulted Quaternary-age terrace deposits have been mapped across the
Scully Hill fault in the Horseshoe Bend area of Santa Ana Canyon (Durham
and Yerkes, 1964).

E. DDO-PEALTA HILLS FAULTS

2-13 Approximately 7 miles downstream of Weir Canyon Road, near Lincoln
Avenue, the river crosses a poorly defined zone of possible concealed
faulting, which might be a projection of either the Peralta Hills or
El Modeno faults. The Peralta Hills fault, an east-trending,
north-dipping thrust fault, has a mapped surface trace of more than
5 miles along the southern side of the Peralta Hills. The El Modeno
fault is a northwest-trending, steeply-dipping normal fault which
extends along the southwestern flank of the Santa Ana Mountains. The
fault trace segments lie separated by short expanses of alluvial
materials but may in fact be connected into a continuous and discrete
feature (Ryan and others, 1982). There is some evidence suggesting that
both the El Modeno and Peralta Hills faults may displace Holocene
(Recent) alluvium (Morton and others, 1976; Bryant and Fife, 1982; Ryan
and others, 1982), including a possible groundwater barrier as evidenced
by a significant differential in static water levels between key wells
downstream from well no. 4S/9W-6Poi and upstream from well no. 4S/9W-8C01
(see pi. 6). The trace of the northern portion of the El Modeno fault
has not been precisely located. Its trend may lie parallel to that of
the Peralta Hills as shown on plate 4, or the fault, as Bryant and Fife
(1982) suggest, may be truncated by or pass beneath the Peralta Hills
fault.

ROIFOUT-min nD FOULT Z(mz

2-14 The Newport-Inglewood fault zone, which extends from possibly Baja
California to at least Santa Monica in Los Angeles County (a distance of(approximately 150 miles), is the predominant structural/tectonic feature
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to cross the Santa Ana River. The zone is approximately 4 miles wide
near the mouth of the river (Santa Ana Gap). It is characterized by
northwest trending parallel faults and folds. Within the Gap
(downstream of the San Diego Freeway), three primary branch faults
within the Newport-Inglewood fault zone have been mapped (see pl. 4).
These branches are referred to as the South Branch fault, the North

Branch fault, and the Bolsa-Fairview fault. The location and extent of
the numerous individual faults in the gap area are predominantly defined
in the subsurface from oil well data and groundwater barriers in the
older basin sediments. Geologic evidence of surface faulting within the
fault zone is minimal. Guptill and Heath (1981) reported that possible
evidence of surface faulting on the North Branch of the Newport-Inglewood
fault zone at Newport Mesa may be associated with the 1933 Long Beach
earthquake. A study by Woodward-Clyde Consultants (1984) demonstrated
that near-surface faulting on the Newport-Inglewood North Branch fault
at Huntington Beach Mesa may be late Pleistocene or possibly Holocene in
age. No evidence of surface faulting on these branches has been
documented within the Santa Ana Gap. Despite the fact that there is
little or no indication of direct shearing or displacement in the main
body of the Recent sediments extending across the fault zone, the zone
is seismically active as evidenced by the 1933 Long Beach earthquake, as
well as subsequent macroseismic activity (Barrows, 1974).

Seismicity

isrIC SEISICITY

2-15 The Lower Santa Ana River is located in Zone 4 of the Seismic Zone
Map of the Contiguous States (U.S. Army Corps of Engineers, 1983a), an
area of high seismic potential. The California Institute of Technology's
seismologic data base for southern California, Nevada, and Arizona
indicates a total of 592 earthquakes with Richter magnitudes equal to or
greater than 4.0 have occurred within a 100-mile radius of the project

area between February 1932 and January 1987. A plot of their epicenter
locations, including magnitude 6.0 or greater events since 1900, are
shown on plate 5. The most significant earthquakes (Richter magnitudes
of 6.0 or greater) to occur within a 100-mile radius of the project area

and their likely fault sourcez are listed in table 3. Earthquakes which
could cause shaking along the river range from a major event on the San
Andreas fault zone (approximately 30 miles northeast of the project area
at its closest extent) to shaking and possible ground rupture from a
near-field event on the Newport-Inglewood fault zone at the lower end of
the project. The California Institute of Technology's 55-year computer
record lists 165 earthquakes as having occurred within a 25-mile radius
of the project area. The majority (150) of the events had Richter
magnitudes between 4.0 and 4.9. Fourteen earthquakes had assigned
magnitudes between 5.0 and 5.9, while the 1933 Long Beach event, with a
Richter magnitude of 6.3 was the largest instrumentally recorded event
in the area. However, the rate of seismicity has not been uniform
throughout this period. Approximately 90 percent of these shocks
occurred during the first 10 years of the record. Much of this
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seismicity can be attributed to the 1933 Long Beach earthquake and
aftershock sequence. Between January 1962 and January 1987, only six
events, none with a magnitude greater than 4.5, occurred locally. The
October 1, 1987 Whittier Narrows earthquake, with a Richter magnitude of
5.9 and an epicenter location a minimum of 19 miles northwest of the
Santa Ana River, was the largest instrumentally recorded earthquake to
occur near the project area since the 1933 Long Beach event.

FAULT ZONE SEISMIC PARAMETERS

2-16 The historical record, although brief, indicates that potentially
damaging earthquakes have occurred, and, given the developed pattern of
seismic activity, would be expected to occur during the design life of
the project. Using the attenuation curves for horizontal accelerations
in rock developed by Schnabel and Seed (1973) and Greensfelder (1974), a
maximum credible earthquake of Richter magnitude 7.0 generated on the
Newport-Inglewood fault zone near the mouth of the Santa Ana River would
produce a maximum rock acceleration of approximately 0.7 g at that
location. However, a maximum probable earthquake with a Richter
magnitude of 6.0 would result in a lower maximum rock acceleration of
slightly less than 0.6 g at the epicenter location. Similar rock
accelerations could be produced at the upstream end of the project by a
local maximum credible or maximum probable event on the Whittier-Elsinore
fault system. Horizontal bedrock accelerations resulting from the recent
(1987) Whittier Narrows earthquake were recorded by instrumentation at
three Corps of Engineers' dams near the project area. Peak accelerations
of 0.16 g and 0.22 g were recorded by the respective left abutment
accelerometers at Brea Dam, located 5 miles northwest of the Santa Ana
River and 14 miles southeast of the earthquake epicenter, and at Carbon
Canyon Dam, located 9 miles north of the river and 17 miles southeast of
the epicenter. A peak acceleration of 0.07 g was recorded at the left
abutment of the more distant Prado Dam (28 miles from the earthquake
epicenter). The magnitude 5.9 earthquake produced an estimated maximum
rock acceleration of less than 0.15 g along the middle portion of reach
2 of the channel. However, no damage to any existing structures along
the Lower Santa Ana River was reported.

2-17 Considerable uncertainty exists as to the tectonic significance of
the Peralta Hills and El Modeno faults. Both faults may be capable of
producing large-magnitude earthquakes (probably in the Richter magnitude
5.5 to 6.0 range). However, the Peralta Hills fault could represent
only a surficial flexural-slip reverse fault which is related to the
regional tectonics but is incapable of generating a large magnitude
earthquake.

2-18 Despite the possibility of a magnitude 8-plus event on the San
Andreas fault, attenuation of ground motions would produce a maximum
acceleration in rock of only 0.25 g at the upstream limit of the
project. A relationship between maximum accelerations on rock and on
various soil conditions was developed by Seed and others (1976). Given
a maximum acceleration in rock of 0.2 g, the maximum ground accelerations
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developed on various alluvial deposits would range from approximately
0.15 to 0.2 g. However, for a higher rock acceleration of 0.5 g,
acceleration values for soil would be more variable, ranging from
approximately 0.25 to 0.45 g. In most cases, except when maximum
accelerations in rock fall below 0.1 g, the highest values for alluvium
are in stiff soil conditions.

2-19 Lamar, Merifield and Proctor (1973) have estimated point
recurrenc intervals for both the southern segment of the San Andreas
fault system and the Whittier-Elsinore fault system. For magnitude 6
and 7 events on the Whittier-Elsinore system, recurrence intervals of
300 and 2000 years, respectively, have been estimated. In contrast, a
magnitude 8 earthquake on the San Andreas fault has a much shorter
recurrence interval, estimated to be about 200 years. Little information
is available on recurrence intervals for the Newport-Inglewood fault
zone. Woodward-Clyde Consultants (1983) estimated a return period of
approximately 200 years for a large earthquake (magnitude 7.0).

POTEiTIAL SEISMIC HAZARDS

2-20 In the historic past, the 1933 Long Beach earthquake with a
Richter magnitude of 6.3 probably caused the greatest shaking along the
Lower Santa Ana River (see pl. 4 for epicenter location). The Long
Beach earthquake resulted in numerous surface expressions other than
ground rupture. These included surface cracking due to lurching and
settling, landslides and/or rockfalls, changes in water table elevations
in wells and structural damage due to liquefaction, settling, or
lurching. Disruption of the ground surface, not necessarily along known
faults, will probably occur during any future event of the magnitude and
duration of the Long Beach earthquake (Barrows, 1974). Cracking of the
ground might cause damage to the project during any large magnitude
shocks. In addition, elevation changes resulting from possible
earthquake induced subsidence and uplift may also occur.

2-21 Rapid tectonic subsidence and/or uplift in the project area would
most likely be associated with a major seismic event (magnitude greater
than 6) on the Newport-Inglewood or Whittier-Elsinore fault zones.
Elevation changes resulting from events with magnitudes less than 6
would be more localized and probably not measurable (Morton and others,
1976). Leveling surveys bracketing the Long Beach earthquake showed
possible earthquake induced subsidence of as much as 0.4 feet and
apparent uplift of as much as 0.6 feet in portions of the southern
coastal plain area (Morton and others, 1976).

Groundwater

BASIN DESOIPTION

2-22 The Lower Santa Ana River lies within the Orange County
groundwater basin (see fig. 3) which includes the Santa Ana Gap area.
The water-bearing sediments in the basin consist of Quaternary and some
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late Tertiary alluvial deposits. In general, at least three distinct
bodies of groundwater have been identified in the project area (Poland
and others, 1956). They are: (1) a "semiperched" or shallow zone of
water of variable chemical quality that occurs in the upper part of the
Recent alluvium; (2) a zone of fresh groundwater or deeper zone that
occurs in the lower part of the Recent alluvium as well as in
Pleistocene and older units, and (3) a body of saline groundwater that
underlies the fresh-water body and occurs in sediments of Tertiary age.
The most important aquifer in the Recent alluvial deposits are the
Talbert sands and gravels which extend from the lower end of Santa Ana
Canyon to the Pacific Ocean. The Talbert aquifer has an average
thickness of approximately 70 feet, and generally occurs above elevation
-200 feet below sea level. The most important source of groundwater in
the Pleistocene age sediments, underlying the Recent alluvium is the
Main aquifer within the San Pedro Formation. This aquifer generally
occurs at elevations between -500 and -200 feet below sea level and also
tends to be continuous across the basin.

2-23 The groundwater basin is replenished naturally and artificially in
the area generally north of the Santa Ana Freeway. To the south,
groundwater occurs under artesian pressure in aquifers which are
interbedded with sediments of low permeability. Thus percolation of
surface waters to the aquifers in the pressure area is greatly
restricted. The upper "semiperched" zone is essentially unconfined,
and, according to Robbins (1986), regionally extensive rather than being
composed of isolated discontinuous lenses. An evaluation of various
types of groundwater data, including gradient directions, elevation of
water levels, and water quality suggests an interrelation (i.e.,
hydraulic continuity) between the upper shallow zone and the deeper
aquifers in the forebay area. The shallow zone generally occurs above a
depth of 50 feet in the Recent deposits.

2-24 The Newport-Inglewood fault zone forms a more or less effective
barrier to groundwater movement to and from the Pacific Ocean in
sediments underlying the Recent deposits in the Santa Ana Gap area.
These formations have been tilted and extensively faulted so that
barriers to hydrologic continuity have been created and the saline ocean
water cannot directly intrude them. Groundwater, however, appears to
move in an unrestricted manner within the Recent sediments across the
fault zone.

GEDUDVATER LVELS

2-25 Groundwater information for the Lower Santa Ana River was obtained
from Orange County Water District (OCWD) groundwater contour maps (OCWD,
1987), state water well records compiled by the California Department of

Water Resources, and Robbins (1986). A November 1986 groundwater
contour map of the Orange County groundwater basin is shown in figure 4.
Water well data available for the project were used to develop
piezemetric groundwater profiles along the river which are shown on
plate 6. The highest and lowest recorded groundwater elevations are
depicted for key wells in the vicinity of the river. In addition, three
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generalized water level profiles, two derived from OCWD November 1984
and November 1986 groundwater contour maps and one derived from a
November 1984 shallow groundwater contour map by Robbins (1986) are
shown. The upper 1984 profile represents the approximate level of the
shallow zone while the lower 1984 profile and the 1986 profile are
composites of water levels from the various deeper fresh water aquifers.
In general, water levels along the Lower Santa Ana River tend to undergo
monthly and seasonal fluctuations, primarily in response to the seasonal
and cyclic unbalance between groundwater replenishment and draft.
Examination of individual state well records indicates that water table
elevations have varied considerably since the 1920's. Net changes range
from as little as 10 feet to more than 150 feet. Recent though limited
well data available for the project reach between Adams Avenue and
Lincoln Avenue indicate that in 1985 seasonal variations in groundwater
levels of between 4 and 15 feet occurred. In general, the highest water
levels were measured during the winter and spring (February and May)
while the lowest water levels were recorded in the summer and fall
(August and November).

2-26 Upstream of the Santa Fe Railroad bridge, and in Santa Ana Canyon,
the water table is fairly shallow because of the relatively thin
alluvial cover. In the upper reaches of Santa Ana Canyon, between the
Green River Golf Course and the Prado Dam drop structure, groundwater is
generally present at an average depth of 20 feet outside the channel
thalweg. A water table elevation of 435 feet was established for the
Prado Dam outlet channel drop structure area as a result of field
investigations by the Corps of Engineers in 1987. Water well data
available for that reach of the canyon downstream of Prado Dam covering
the proposed Green River Golf Course channel improvements indicate that
the groundwater table in 1966-68 ranged from elevation 435 feet
approximately 2 miles upstream from the golf course to elevation
417 feet near the golf course. Water levels were at their highest (5 to
6 feet above current levels) in this reach during 1939-40, prior to
construction of Prado Dam, and only minor fluctuations, up to a maximum
of about 15 feet, have been recorded since then. In the vicinity of
Weir Canyon Road, the groundwater was at depths ranging from 15 to
18 feet (elevation 312 feet) in August 1982. In 1984, water levels
recorded in wells just upstream of Weir Canyon Road near the Savi Ranch
levee, showed similar depths to groundwater but with an average
groundwater table elevation of 320 feet. In November 1986, water levels
ranged from approximately 20 feet (elevation 240 feet) near Imperial
Highway to approximately 35 feet (elevation 200 feet) near the Riverside
Freeway.

2-27 As the river emerges from the canyon onto the coastal plain and
the depth to bedrock increases, water levels in the deep aquifers
decline sharply, to depths exceeding 100 feet. Plate 6 indicates a
maximum depth to groundwater in November 1986 of about 135 feet
(elevation +60 feet) near well 4S/1OW-7MO1 (upstream of Lincoln Avenue).
This rather anomalous steep gradient may indicate the existence of a
possible fault related groundwater barrier (see paragraph 2-13).
Downstream of Lincoln Avenue, water levels, despite some extreme
fluctuations due to local recharge conditions (see November 1984 deeper
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zone groundwater profile), become progressively shallower towards the
ocean as the ground surface elevation decreases. Near the coast, the
water table elevation tends to be at or near sea level (see pl. 6),
fluctuating with the amount of natural and artificial recharge and
pumping. This lower reach is also affected by the Newport-Inglewood
fault zone. Between 1977 and 1985, there has been an overall rise in
deeper groundwater levels throughout most of the basin, ranging from
10 feet in state well 6S/1OW-5B03, between Adams Avenue and the San
Diego Freeway, to 30 feet in well 4S/1OW-25FO1, near Orangewood Avenue.
Information on water level trends in the shallow zone is not available
but if the upper zone does mimic the deeper groundwater flow regime as
Robbins (1986) suggests, then similar upward trends might be expected
although the magnitude of such changes would probably be much less.

2-28 The "semiperched" shallow zone, as depicted on plate 6, generally
occurs above a depth of 50 feet, and also becomes progressively
shallower towards the ocean. Downstream of 17th Street, water levels in
this upper zone are typically within 25 feet of the existing channel
ground surface. A comparison of the differences in elevation between
the shallow zone and deeper zone water levels by Robbins (1986) reveals
that elevation differences on the order of 40 to 60 feet are common for
most of the basin while in the northern portion of the basin (near Santa
Ana Canyon) and near the coast, differences are minor and the two zones
in a sense merge together. The Orange County Water District (1981)
monitored the semiperched groundwater zone as part of their Green Acres
Project study. Three observation wells, located near the river channel
between 5th Street and the San Diego Freeway, encountered water at
depths ranging from 27 feet (approximate elevation, 48 feet) in the
upstream well to 9 feet (approximate elevation, 11 feet) in the
downstream well.

2-29 Water levels encountered during subsurface explorations by the
Corps of Engineers, along the Lower Santa Ana River alignment (see
pls. 8 through 26), generally do not reflect the regional groundwater
conditions previously described but instead are indicative of a
localized zone of influent seepage (a mounded condition) which exists
because of perennial low flows in the channel. However, downstream of
the San Diego Freeway where groundwater levels are fairly shallow, there
is good correlation between the depths to water in subsurface borings
and the local groundwater conditions.

COU3YRUCTIOUI COESIDERATIOUS

2-30 A review of published groundwater information available for the
Lower Santa Ana River project indicates that the regional groundwater
table will probably be encountered during construction in at least two
reaches of the channel: (i) upstream from Lakeview Avenue (sta. 975+50)
and (2) downstream from the San Diego Freeway (sta. 254+34). However,
the localized mound of subsurface water, generally present at depths
between 1 and 5 feet in the active river channel, will be encountered
throughout the construction reach. Both shallow groundwater and mounded
subsurface water would require implementation of a dewatering scheme
prior to construction. Diversion and control of the perennial surface
flows in the river channel will also need to be addressed during
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construction. In addition, tidal variations within the lower reach of

the project downstream of Adams Avenue (sta. 163+71) will create

additional dewatering requirements. Groundwater conditions within the
project area will continue to be monitored in the future to detect any
possible changes which might affect channel design or construction.

SA VATER INTRUSION

2-31 The Talbert and older Pleistocene aquifers are very productive and
have yielded great quantities of water since the early 1900's. By 1930,
the pumping of groundwater had lowered pressure levels in the shallow
aquifers to below sea level and sea water intrusion began. See plate 7
for a piezometric profile of the Talbert aquifer in 1963. Since the
Talbert aquifer was in continuity with the ocean it was the first to

experience the effects. By 1960, the intrusion had also begun to affect

certain water bearing zones below the Talbert aquifer.

2-32 The problem of sea water intrusion in the Santa Ana Gap and
methods to prevent it were studied in detail by the California
Department of Water Resources (1966). One of the suggested plans to
control intrusion was to create an injection ridge along Ellis Avenue.
This plan was later implemented by construction of the Talbert Barrier
Project, which maintains a seaward hydraulic gradient in the underlying
aquifers by the injection of potable water under pressure. The barrier
project, which consists of a water supply, a distribution pipeline, a
series of closely spaced injection wells, extraction wells, and numerous
monitoring wells, was completed in 1975 and water was first injected in
1976. This plan has been successful in reversing the gradient and
halting the intrusion of saline water. Plate 7 shows a recent
piezometric profile and contour map of the gap. As a part of the
injection program, the Orange County Water District monitors a series of
wells, see plate 7, on a weekly, monthly, and biannual basis. In
addition to the piezometric levels in the aquifer, various water quality
parameters are measured and the results published in a Talbert Barrier
Performance Report.

2-33 In 1979, ten shallow soil borings were drilled by the Corps of
Engineers with a hollow stem auger between Hamilton Avenue and the
Pacific Coast Highway along the existing Santa Ana River channel. The
generalized information from these borings in addition to data from
previously drilled observation wells and shallow soils investigations
conducted along the Santa Ana River channel by various geotechnical
firms are presented in cross-section on plate 7. The top of the Talbert
aquifer is positively identified in the deeper observation wells at an
elevation between -40 and -70 feet below sea level. Downstream from
well M-10 the top of the aquifer is not positively known. However, it
may daylight at sea level near the Pacific Coast Highway. Regardless,
excavations for a soft bottom channel in this reach would not affect the
quality of the groundwater because the Talbert aquifer is already in
hydrologic continuity with the ocean and the injection program upstream
maintains a positive gradient which would not allow landward movement of
degraded water.
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Subsidenee

2-34 Only minimal land subsidence has been reported in the immediate
vicinity of the Lower Santa Ana River even though significant amounts of
both oil and water have been extracted from the subsurface. Morton and
Miller (1976) indicate that the only measureable subsidence (up to

0.15 feet) occurred along the river south of Warner Avenue between the
leveling surveys of 1964-65 and 1968-69-70. However, a maximum of
5 feet of subsidence due primarily to petroleum withdrawal has been
estimated for the period 1920 to 1972 in the vicinity of Huntington
Beach (Morton and Miller, 1976). Very localized subsidence due to
possible soil consolidation or oxidation of peat layers caused by lower
groundwater levels has also been reported to have occurred in scattered
inland areas from Sunset to Newport Beaches (Leighton-Yen and
Associates, 1974). Subsidence due to petroleum withdrawal has been
stabilized by water injection and little additional effect due to soil
consolidation or peat oxidation is expected.
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III. INVESTIGATION

General

3-01 Information on conditions of the foundation, levee, invert, and
sources of borrow along the approximately 23 miles of river alignment
has been collected from several sources. Previous investigations
conducted for the County of Orange by various geotechnical firms
supplement recent investigations by the Corps of Engineers. The
investigation techniques included hollow stem and bucket auger borings,
and backhoe trenching. Both disturbed bulk samples and undisturbed tube
samples were obtained for testing. All test site excavations were
logged. The logs of the Corps of Engineers' investigations are
presented on sheets immediately following each plan of investigation
plate. The logs of investigation conducted for the County of Orange are
presented on sheets following the Corps of Engineers' logs and the
appropriate plan of investigation plate. See plates 8 through 27 for
the plans, profiles, and logs of the investigation. The investigation
methods and sites are discussed in subsequent paragraphs, in relation to
the location and structural feature of the proposed improvements. The
individual locations of test sites may be utilized for the assessment of
more than one feature and, in those cases, those sites are mentioned
several times.

Existing Levees and Foundation

PREVIOUS INVESTIGRTION

3-02 The existing levee system along the Lower Santa Ana River has been
the subject of many subsurface investigations. The specific
investigations are referenced in tables 4 and 5. The logs of the levee
investigations by others (for the County of Orange) are reproductions
from the original reports and are shown on plates 8 through 26.

(
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MEC FIELD INEVTIGATIOES

3-03 A levee foundation and embankment investigation was conducted by
the Corps of Engineers, over a period of several years. In 1979, 10
hollow stem auger holes were drilled between Hamilton-Victoria Street
and the Pacific Ocean, as part of Phase I of this study. Between 1982
and 1985, the investigation was continued with additional hollow stem
and bucket auger holes drilled between Weir Canyon Road and the Pacific
Ocean. A complete listing of the investigation, including locations,
depths and equipment types, is shown in table 6.

3-04 Generally, the borings were started on the levee crest and were
extended down into the foundation materials. Occasionally, borings were
made on the landside of the levee where access was a problem, or where a
new levee alignment was being considered. The materials encountered
were visually logged. Disturbed samples of the materials were obtained
from each boring at intervals of 3 feet, or less if the material
changed. Representative, undisturbed drive samples were obtained of the
finer grained and cohesive materials.

3-05 Standard penetration testing was conducted in each boring in
accordance with ASTM D 1586, at approximately 3-foot intervals.

3-06 The logs of investigations by the Corps of Engineers are presented
on plates 8 through 27.

Drop Structures and Stabilizers

PREVIOUS INETIGATIOU

3-07 The foundation investigations conducted for the County of Orange,
for the existing drop structures and stabilizers are included within
this report as a source of general information on foundation
conditions. The specific investigations are referenced in table 4.

R!CT FIELD INVESTIGATION

3-08 Bucket auger and backhoe were used to sample the representative
materials for the proposed drop structures and stabilizers.

3-09 The foundation materials encountered were visually logged.
Disturbed samples were obtained for laboratory testing of each material
type, at depth intervals of 3 feet or less. Standard penetration
testing was conducted in each boring, at approximately 3 foot intervals.
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Invert

PRIOUSUINTMG&TIOU

3-09 There are several invert investigations, conducted by other
agencies that were considered in preparing this report. The previously
conducted levee investigations, which contain information on foundation
conditions adjacent to an invert location, were also used to supplement
the Corps of Engineers' investigation of the invert materials.

RECENT FIELD 11V TIATION

3-10 The primary means of obtaining representative information about
the invert materials was a series of backhoe trenches excavated between
1979 and 1985. Each trench went approximately to the depth of the
proposed invert. In addition to the backhoe trenches, several bucket
auger holes were also drilled within the invert. The location and depth
of each exploratory hole along the invert are included in table 6.

3-11 Disturbed representative samples of the invert materials were
obtained from each trench or hole at intervals of 3 feet, or less if the
material changed. Densities were determined by standard penetration
testing at approximately 3 foot intervals within the borings.

Borrow

3-12 The source of borrow for the project will be both the required
invert excavation and existing levees in the reaches which are to be
realigned and reconstructed. As a result, the sources of borrow were
investigated as part of the previously discussed levee, foundation and
invert investigations.

Revetment

3-13 The design stone revetment along the lower Santa Ana River varies
in gradation and in thickness as indicated on both plate 2 and
table 1. Host of the existing riprap placed prior to 1970 was designed
for a 400-pound maximum stone size (W50 of approximately 120-pound)
based upon the Corps criteria set forth in EB 52-15, "Slope
Protection". Subsequently placed riprap was designed for a 750-pound
maximum (W50 of approximately 200-pound) stone, which was designed using
EM 1110-2-1601, "Hydraulic Design of Flood Control Channels". The 400-
pound stone was specified to be placed in an 18 inch thick layer, and
the 750-pound stone in a 24-inch thick layer. The levee revetment was
inspected by Geotechnical Branch personnel in 1983 and 1987, and the
stone visible at the ocean jetties was inspected in 1986. Results of
the inspections are discussed in section V.
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Santa Ana Canyon

3-14 Subsurface investigations of foundation material for both the drop
structure (TH 87-1, 2 and 3) and the Green River Golf Course area (TH
87-4, 5 and 6) were conducted in April 1987, and July 1987,
respectively. A 24-inch bucket auger was used in obtaining disturbed
samples. Densities were determined by Standard penetration testing
(SPT) at approximately 5-foot intervals during the first 20 feet of
exploration. Location of the borings and logs are shown on plate 27.
Depths of the borings ranged from 23 to 43 feet at the drop structure
site, and 40 to 49 feet at the golf course site.

Disposal Beach

3-15 Approximately 15 miles of beach, adjacent to the mouth of the
river, were evaluated as possible disposal sites for the required invert
excavation materials from the lower Santa Ana River. Twenty-four
transects, or lines, perpendicular to the proposed disposal beach were
surface sampled at every 6-foot change in elevation from +12 to -30 feet
MLLW. The sampling was done in October 1982. The sample locations are
shown on plate 28.
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IV. LABORATORY TESTING

General

4-01 Laboratory testing of all the materials sampled during
geotechnical investigation were conducted to determine mechanical
analysis, Atterberg limits, and moisture content. The samples were
classified in accordance with the Unified Soil Classification System.
The logs of the Corps test sites are shown on the investigation plates 8
through 27. Tests of remolded and undisturbed samples were conducted by
the South Pacific Division (SPD) Laboratory to determine shear
strengths, permeabilities, compaction properties and consolidation
characteristics. The tests were performed in accordance with Engineering
Manual EM 1110-2-1906, "Laboratory Soils Testing," dated 30 November
1970. The soil test results are contained in attachment 1. Summaries
of the testing are shown in tables 7 and 8.

4-02 The statistical summaries of the mechanical analyses are presented
in table 9. The summaries are for each reach of the river, for the
sites of the proposed drop structures, and for the proposed invert
borrow areas. Composite summaries are typically for the materials in a
potential borrow area materials and frequency summaries are generally
for the materials that are to remain in place.

Levee Material

4-04 Representative disturbed samples from the levee embankments were
tested to determine gradations, Atterberg limits, and moisture
contents. Samples of the typical material types were compacted by both
ASTM methods D 698 and D 1557, for maximum dknsity and optimum moisture
determinations. Representative material types were then remolded for R-
type triaxial and direct shear strength tests at densities typical of
the existing or proposed embankment conditions.
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Famdation Material

4-04 The foundation samples were tested to determine gradations,
Atterberg limits, and moisture contents. Disturbed samples of typical
material types were compacted in accordance with both ASTM D 698 and
D 1557 in order to determine maximum density and optimum moisture
content. Remolded materials were subjected to R-type triaxial strength
testing at densities typical of the existing conditions. Undisturbed
samples were subjected to unconfined strength testing, R-type triaxial
strength testing, and consolidation and permeability testing.

Invert Materials

4-05 Disturbed samples, representative of the invert materials, were
tested to determine gradations, Atterberg limits and moisture content.
Typical materials were compacted by both methods ASTM D 698 and D 1557
in order to determine maximum density and optimum moisture
characteristics. Representative samples were remolded to typical
in situ densities in order to determine R-type triaxial strengths and
permeabilities.

Revetent

4-06 Recent quality compliance testing has been conducted on existing

quarry sources in the project area. In addition, samples of the
existing levee riprap material were collected for quality compliance
testing. Stone samples from both the quarries and river levees were
subjected to the following tests: petrographic and x-ray diffraction
analysis, specific gravity and absorption, wetting and drying,
Los Angeles abrasion and magnesium sulfate soundness. The results of
petrographic analyses and research of historic records were used to
determine possible quarry sources for the levee riprap. See table 10
for the compliance test results.

Disposal Beach

4-07 The materials from the proposed disposal beach were tested by
performing a mechanical analysis on each disturbed sample. The

composite average of all samples along each particular range sampling
line was then computed to determine the representative gradation of that
section of beach. The composite averages of all sampled range lines are
shown in table 11.
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V. GEOTSCHMICAL COIOTICS

Weir Canyon Road to Imperial Highway, (Reach 1)

5-01 The materials in the streambed foundation and in the existing
levees in reach 1 are predominantly well-graded, noncohesive sands with
significant but varying amounts of silt and gravel. Up to 20 percent
cobbles to 6 inches in diameter are present in many areas that were
explored, along with occasional boulders up to 2 feet in diameter.
Atterberg limits tests conducted on the samples from this reach indicate
that clayey fines are relatively uncommon. However, layers of sandy
silt up to 6 feet thick were found at three locations, though generally
below the proposed invert elevations. Groundwater was encountered under
the right levee adjacent to Yorba Regional Park at depths ranging from
15 to 18 feet in four test holes. Natural moisture contents above the
water table were mostly between 2 and 8 percent in the sandy materials
and between 19 and 40 percent in the silty layers. The sand and silty
sand materials are generally medium dense to dense as indicated by SPT
blow counts in the range from 11 to 40. However, loose layers with blow
counts less than 10 were commonly encountered during the exploration.

5-02 The active streambed materials in the invert are poorly-graded,
noncohesive sands with virtually no fines and up to 40 percent gravel.
Occasionally, cobbles and boulders up to 15 inches in diameter were
encountered. Groundwater was encountered at depths of 5 feet or less.
Densities were estimated to range from loose to medium dense, based on
visual observations and ease of excavation.

5-03 Based on water level data from the exploration program, the
ground-water table appears to maintain a gentle downstream gradient,
from elevation 293 feet just downstream from Weir Canyon Road, to
elevation 267 feet just upstream from Imperial Highway. This would
result in groundwater being at elevations ranging from 0 to 10 feet
below the proposed channel invert. The gradient for the 1986
groundwater (deeper zone) profile shown on plate 6 is much steeper for
this same reach. The water table drops from elevation 293 feet near
well 3S/8W-30R01 to elevation 248 feet near well 4S/9W-2B03. Water
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levels within this reach of the project are probably influenced to
varying extents by low flows within the channel and by irrigation and
seepage from small ponds at the park, and therefore, would be expected
to undergo seasonal or yearly fluctuations.

5-04 An inspection of the existing river levees between Weir Canyon
Road and Imperial Highway determined that the existing stone revetment
generally does not meet the original size and thickness requirements as
discussed in paragraph 3-13. The rock also tends to be of unsuitable
quality. Various lithologies are represented in the levee riprap.
However, the predominant rock type, as classified petrographically, is a
gray, moderately hard to hard, slightly to moderately weathered,
porphyritic meta-andesite. Individual pieces contain numerous rust
stained surfaces and incipient fractures. These fractures, which are
generally open but occasionally filled with quartz or calcite, are
present in random orientations. It was estimated that up to 70 percent
of the volcanic rocks contain these fractures, which can part very
easily under only light to moderate hammer blows, and occasionally hand
pressure. Numerous individual pieces were observed to be breaking down
along these planar discontinuities which may explain the apparent
undersized nature of the riprap. Only minor amounts (probably 1
percent) of soft, decomposed to highly weathered rock were noted. Minor
rock types identified by field or laboratory methods include a mottled
white and black, slightly weathered, hard, fine to coarse grained
granodiorite; a pink and gray, hard, slightly weathered micropegmatitic
granite; and a tan to gray, moderately hard, slightly to moderately
weathered, fine to coarse grained arkosic sandstone. These rock types,
in contrast to the meta-andesite, are generally sound, with only minor
breakdown and decomposition noted. The levee riprap is typically
subangular to angular in shape. Only the sandstone tends to exhibit
more pronounced subrounded edges. North of the Imperial Highway bridge,
an overlay of fresher, larger, more durable andesite rock was apparently
placed. The rock in reach 1 is generally poorly graded and ranges in
size from 2 to 8 inches, with a random maximum rock size of from 1 to
2 feet. Significant breakdown in localized areas on the grade has
resulted in patches of 1- to 2-inch diameter rock. It appears that the
stone revetment was probably obtained from local sources in the
Corona-Riverside area. The meta-andesite rock appears to be diagnostic
of material from the Harlow Quarry near Corona while the Riverside
quarries may be possible sources for the granodiorite. The granite may
have been obtained from the Magnolia Quarry near Corona. The sandstone
is not indicative of a known quarry source but might represent material
obtained from the local streambed.

Imperial Highwy to Zate la Avenue, (Reach 2)

5-05 In reach 2, the materials along the left bank, invert and right
bank are significantly different. The differences are due to the
various methods utilizied to place the materials in their present
position.
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5-06 The left bank is largely composed of natural alluvial deposits
laid down over a period of time when the river channel meandered through
the area. Its stratifications, therefore, include a variety of
materials ranging from clays to sandy gravels, distributed somewhat
randomly with depth. The majority of the materials are noncohesive
sands with varying amounts of silt and gravel. Both well-graded and
poorly-graded layers are common, as are cobbles in the 3 to 6 inches
range. Occasionally, larger boulder size rocks were encountered. Fine
grained clays, silts, and clayey or silty sands occur at various depths
in layers up to 11 feet thick throughout the reach. Subsurface water,
primarily the result of a mounded condition due to low flows in the
channel, was encountered at depths ranging from 16 to 29 feet in about
half of the test holes. Subsurface water was not observed in other test
holes drilled to depths ranging from 35 to 40 feet in this reach. The
natural water contents above the water levels ranged from 1 to
19 percent in the granular materials, and from 6 to 34 percent in the
fine-grained clays and silts. Most of the materials are medium dense to
dense, as characterized by SPT blow counts in the range from 11 to 50.
However, significant numbers of loose layers are indicated by blow
counts between 4 and 10, mostly in relatively clean sandy materials with
few fines. The widely varying densities of these naturally occuring
alluvial materials reflect the depositional environment and energy level
present at the time of their formation. Because the historic floodplain
in this area is relatively wide and level, layers of soft or loose
materials are assumed to extend over significant areas instead of
occuring in isolated pockets. Stability analysis (described later) of
critical levee sections reflects the occurence of these weak layers in
the foundation and levees.

5-07 The right bank of the river in this reach is a combination of
natural alluvial deposits and a built-up levee section which separates
the main channel from a parallel series of groundwater recharge basins.
Nearly all of the materials in the upper portions of the right bank and
levee are noncohesive sands with varying amounts of silt and gravel.
Cobbles up to 4 inches are common, along with occasional larger cobbles
and boulders. Clayey and silty materials, in layers 3 to 11 feet thick,
are commonly encountered, but only from depths of 15 to 30 feet below
the top of the levee. However, just downstream from Imperial Highway, a
layer of hard sandy clay is located at a depth of 9 feet below the top
of the levee. Blow counts in the range from 13 to 60 indicate that the
most of the materials along the right bank are medium dense to very
dense. Relatively few low SPT blow counts indicating loose material
were recorded, and these were nearly all in noncohesive sands below a
depth of 20 feet. The foregoing gradation and density data verify that
the upper portions of the right levee are predominately compacted fill
materials, likely obtained from streambed excavation, and the lower
sections are composed of both compacted fill and natural alluvial
materials. Subsurface water, primarily related to low flows in the
channel, was encountered in 12 of the 20 test holes drilled in this
reach, at depths ranging from 15 to 22 feet below the top of the levee.
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The test holes in which subsurface water was not observed were drilled
to depths of 34 to 43 feet. The water levels under the right levee
would be expected to vary seasonally in general response to the presence
and depth of water in the adjacent groundwater recharge basin. Natural
water contents above the water levels were found to range from 3 to
16 percent in the sandy materials and from 13 to 37 percent in the silty
and clayey materials.

5-08 The active streambed materials are predominately clean,
noncohesive poorly-graded sands and gravelly sands, with occasional thin
layers of silty sand or fine-grained silt or clay. Relatively few
cobbles and boulders were encountered during exploration. Subsurface
water was at a depth of 1.5 to 14 feet below the surface in three of the
test holes in the streambed, and was not observed in five other test
holes drilled to depths from 7 to 17 feet. The unconsolidated invert
materials are very loose near the surface and medium dense below the
active streambed depth, with SPT blow counts ranging from 3 to 16.

5-09 A comparison of water level data from the published literature and
the field exploration program indicates that within the reach one mile
downstream from Imperial Highway, water levels observed in the test
holes and test trenches probably reflect the regional groundwater table.
Downstream from that reach, subsurface water levels are probably
indicative of a more localized perched water table associated with a
mounded condition due to low flows in the active channel and the
adjacent groundwater recharge basins. Composite water levels in the
deeper zone of fresh water aquifers drop very rapidly in this lower
reach (see pl. 6), to depths well below the proposed channel invert.
Information on the shallow semi-perched zone within this reach of the
project was not available but water levels in this zone would probably
also be below the influence of construction activities. Subsurface
water was encountered during the field exploration program at elevations
ranging from 2 feet above to 15 feet below the proposed channel invert.

5-10 An inspection of the existing river levees between Imperial
Highway and Katella Avenue determined that the condition of the stone
revetment is similar to that in reach I because of breakdown along
fracture planes in the volcanic rock. Two major rock types were noted
during the field inspection, the volcanic andesite characteristic of
reach 1 and a dark gray, fine to medium grained, moderately hard to
hard, slightly to moderately weathered, undifferentiated granitic rock.
The petrographic analyses distinguished two volcanic and three granitic
rock types. The volcanic lithologies were composed of the meta-andesite
and an associated meta-dacite. The granitic rocks consisted of diorite,
granodiorite and gabbro/meta-gabbro. The amount of incipient fracturing
observed in the volcanic rock varied from approximately 50 percent near
Lakeview Avenue and the Riverside Freeway, to 60 to 70 percent
downstream near Ball Road. Less fracturing and rust staining, but more
decomposition was noted in the granitic rocks. The amount of soft,
highly weathered to decomposed rock ranged from less than 5 to
15 percent. The rock is predominantly subangular to angular in shape,
although localized decomposition has resulted in more subrounded rock
surfaces. Rock sizes at the different sampling sites were more variable.
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Larger well graded rock (generally ranging from 3 to 12 inches) was
common near Lakeview Avenue and Glassell Street. Poorly graded rock
near the Riverside Freeway and Ball Road generally ranged from 2 to
8 inches in diameter, while poorly graded rock, usually between 2 and
6 inches in diameter (with scattered areas of 1- to 2-inch rock) was
noted near Lincoln Avenue. A random maximum rock size of 2 feet was
common throughout reach 2 except near Lincoln Avenue, where a random
maximum size of only 8 to 10 inches was observed. Local quarries in the
Corona-Riverside area again appear to be the most likely sources for the
stone revetment. The volcanic rocks were probably obtained from the
Harlow Quarry while the Corona Pacific Quarry and the Riverside quarries
may have supplied the granitic rock types.

Katella Avenue to Santiago Creek, (Reach 3)

5-11 The condition of the foundation and levee materials in reach 3 are
controlled by the existing fine-grained materials more so than in the
upstream reaches. Silts, clays, and silty and clayey sands are the
predominant materials throughout the reach, although significant
quantities of relatively clean sands were encountered in test holes
drilled through the left levee between Katella Avenue and the Santa Ana
Freeway. Very few cobbles were encountered. Subsurface water was
measured at depths from 12 to 28 feet in seven of the test holes. No
subsurface water was observed in the other twelve test holes, which were
drilled to depths ranging from 25 to 36 feet. Natural moisture contents
above the water levels ranged from 1 to 17 percent in relatively clean
sands, and from 3 to 39 percent in the fine-grained material. Most of
the sandy materials are medium dense to dense, with SPT blow counts in
the range from 11 to 50. Occasionally, loose layers with blow counts
less than 10 were encountered in the levee foundations. Silts and clays
are generally of a medium to stiff consistency, with SPT blow counts in
the range from 5 to 15.

5-12 The surficial materials in the active streambed, to a depth of
3 feet, are poorly-graded, noncohesive sands with less than 2 percent
gravel or fines. The foundation materials below this unconsolidated
layer range from sand and silty sand in the upstream half of the reach
to silt at the lower end. Cobbles, up to 4 inches, were only rarely
encountered. Subsurface water was encountered at the top of the silt
layer just downstream from the Santa Ana Freeway, but not elsewhere in
the invert. Densities were estimated to range from very loose near the
surface to medium dense with depth, based on visual observations and
ease of excavation.

5-13 Subsurface water encountered during the field exploration program
is generally the result of a mounded condition due to low flows in the
channel. The groundwater profiles for the shallow semi-perched zone and
the deeper fresh water aquifers, as shown on plate 6, are well below the
proposed invert of the channel. Subsurface water levels would be at
elevations ranging from 6 feet above to 15 feet below the proposed

(channel invert.
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5-14 An inspection of the existing river levees between Katella Avenue
and Garden Grove Boulevard revealed that the stone revetment, in
contrast to the upstream reaches, is generally in good condition and
therefore would be suitable for reuse in project construction. Two
major rock types were noted during the field inspection, the volcanic

andesite characteristic of Reaches 1 and 2, and a medium to dark gray,

hard, fresh to slightly weathered, fine to coarse grained granitic rock,
resembling a quartz diorite. The volcanic rock is the dominant type
between Katella Avenue and Orangewood Avenue, while the granitic rock

predominates downstream of Orangewood Avenue. Petrographic analyses
again confirmed the presence of the meta-andesite and a variety of
granitic rocks, including diorite, monzodiorite and granodiorite. The
volcanic rock is of better quality than that described previously, with

only about 30 to 50 percent of the individual rocks containing incipient
fractures. Only localized pockets of highly weathered to decomposed

material (probably less than one percent of the total rock mass) were
observed. The granitic rock is generally sound and durable. The
individual rocks tend to be subangular to angular in shape and very

little rust stained, cracked or decomposed rocks were present. A slight
increase in weathering was observed near the Garden Grove Freeway. The
granitic rock is mostly well graded, 4 to 12 inches in size, with random
maximum sizes of between 2 and 3 feet. The granitic rock tends to be
larger and more durable than the volcanic rock. The volcanic rock is
generally poorly graded and ranges in size from 2 to 10 inches, reaching

a random maximum diameter of from 2 to 3 feet. The stone revetment was
most likely obtained from the same sources mentioned for Reach 2.

Santiago Creek to 17th Street, (Reach 4)

5-15 The foundation materials in this reach are predominantly silts,

clays, and silty and clayey sands, with cleaner sandy materials derived
from the streambed in the built up levee sections. Relatively little

gravel and pratically no cobbles were encountered during the
investigation. Subsurface water was present at depths ranging from 15
to 26 feet in four test holes in the upstream half of the reach, and was
not observed in the three test holes which were drilled to 30 feet in
the downstream half. Natural moisture contents above the water levels
ranged from 2 to 13 percent in the relatively clean sands, and from 12

to 37 percent in the finer-grained materials. The density of the sandy
materials are mostly medium dense to dense, with occasional layers of
loose material, as determined from SPT blow counts ranging from 5 to
38. The clayey and silty materials generally had blow counts in the
range from 5 to 15, indicating medium stiff to stiff consistencies.

5-16 As in the upstream reaches, the surficial st.'eambed materials in
reach 4 are relatively clean, poorly-graded, noncohesive sands to an
average depth of about 3 feet. These are underlain by moderately
consolidated alluvial deposits varying from clays to sands. Subsurface
water was not encountered in the relatively shallow exploration
conducted in the invert of reach 4.
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5-17 Subsurface water encountered during the field exploration program
is generally the result of a mounded condition due to low flows in the
channel. The groundwater profiles for the shallow and deeper zones, as
shown on plate 6, would be below the influence of any construction
activities. Subsurface water levels would be at elevations ranging from
5 to 20 feet below the proposed invert of the channel.

5-18 The existing slope protection, inspected in 1983 and found to be
of acceptable quality, has since been removed from the right bank of the
river downstream of the Santiago Creek and Santa Ana River confluence.

Seventeenth St. To Fairview Channel, (Reach 5)

5-19 The foundation conditions in this reach include the condition of
the active streambed as well as deeper materials. The active streambed
materials, located at or near the surface of the existing streambed, are
mostly silty sands with occasional gravel and cobbles to 12 inches.
Moisture contents of the streambed materials ranged between 25 to
30 percent and indicate that the materials are saturated. These
materials will be excavated to the proposed invert elevation. The
foundation materials at the proposed invert elevation are predominantly
loose to medium dense sands and silty sands with 1- to 3-foot thick
lenses of medium stiff to stiff sandy silts and sandy clays. The
plasticity of the clay lenses increases between Harbor Boulevard and the
Fairview Channel. Typical SPT blow counts in the sands and silty sands
ranged from 9 to 20 blows per foot, and in the silts and clays from 5 to
15 blows per foot. Water well data indicate that upstream of the
San Diego Freeway, current (1986) maximum groundwater depths increase
from 20 to 90 feet below the proposed invert elevation. However, the
shallow semiperched zone is only 5 feet below the proposed channel
invert elevation near the San Diego Freeway, increasing to 20 feet below
the invert elevation near Seventeenth Street. Subsurface water, the
result of a mounded condition due to low flows -in the channel, was
encountered during exploration. Between the San Diego Freeway and the
Fairview Channel, groundwater was observed at an elevation as high as
5 feet above the proposed channel invert. Although groundwater levels
in the areas surrounding the channel alignment may vary by more than
10 feet seasonally, perennial low flows in the channel keep the proposed
invert area wet year round.

5-20 The channel embankment materials are primarily sands and silty
sands with occasional 2- to 3-foot thick clay and silty lenses to the
invert elevation. Between Seventeenth Street and Harbor Boulevard, the
materials are loose to medium dense, and between Harbor Boulevard and
the Fairview Channel, the materials are primarily medium dense.
Moisture contents encountered typically range from 5 to 15 percent.

5-21 Materials from the required excavation for the proposed
improvements are generally active streambed material, as described
above. The gradations of materials to be excavated are summarized
statistically for various reaches in table 9.

(
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5-22 Slope protection within this reach of the channel consists of
6 inches of reinforced concrete or 4 to B inches of reinforced concrete
on 3 inches asphaltic concrete.

Fairview Channel to Hanilton-Victoria Street, (Reach 6)

5-23 The foundation materials in this reach, not including the active
streambed materials, are primarily silts and clays but a significant
amount (about 30 to 40 percent) of the soils are silty sands. Much of
the fine grained material is highly plastic with plasticity indices of
35 to 40. These silts and clays are typically stiff to very stiff with
SPT blow counts ranging between 10 and 30. Clay layers encountered were
up to 15 feet thick and extend well below the proposed invert elevation.
The silty sands are typically medium dense to dense with SPT blow counts
between 20 and 40. Subsurface water, primarily groundwater, was
encountered at depths ranging from 15 to 20 feet from the top of the
levees (from 10 feet below to 5 feet above the proposed invert)
throughout the reach. Thus, foundation materials in the reach are
typically saturated. The materials remain wet in this reach year-round
due to flow in the channel and the tidal surges from the mouth of the
river.

5-24 Embankment materials in this reach are primarily silty sands but
high proportions of clay and silt are present. Clays in the embankment
are generally not highly plastic and are found in layers up to 5 feet
thick. Embankment materials are medium dense and typical moisture
contents range from 10 to 25 percent.

5-25 The active streambed materials in this reach are generally very
fine grained. Silt and clay were the most frequently encountered
material, but there are also some small lenses of silty sand and sand.
Particles larger than 3/8 inches were not found. Within the existing
channel, groundwater was encountered at depths from about 1 to 20 feet
below the existing invert elevation; that is, from about 10 feet below
to 5 feet above the proposed invert elevation.

5-26 Slope protection in this reach of the channel consists of 6 inches
of reinforced concrete.

Hamilton-Victoria Street to Pacific Ocean, (Reach 7)

5-27 Foundation materials in this reach are generally silty sands and
poorly graded sands. These materials are medium dense to very dense
with SPT blow counts typically between 20 and 60. Groundwater remains
high in this reach year-round due to flow in the channel and to tidal
surges from the mouth of the river. As a result, moisture contents in
the foundation are at or near saturation levels.
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5-28 The embankments within this reach are composed primarily of silty
sands, however, significant lenses of silt and/or clay up to 5 feet
thick were encountered. The materials are medium dense to loose, and
moisture contents vary over a wide range, typically between 10 to
30 percent.

5-29 Materials at or below the proposed invert elevation are mostly
sands and silty sands. Occasional silt layers up to 2 feet thick were
found primarily at the proposed invert elevation. Particles larger than
3/4 inches are not encountered and materials are generally saturated.

5-30 An inspection of the stone jetties at the mouth of the Santa Ana
River in Huntington Beach determined that the 1/2 to 3-ton capstone is
generally in good condition even after a maximum 30-year service record.
The majority of the rock is fresh to only slightly weathered, with less
than one percent breakdown noted. The dominant rock type present
appears to be a medium to dark-gray, fresh to slightly weathered
porphyritic andesite. The fresher, dark gray rock is located mostly in
an approximate 300-foot section on the east jetty which was restored
under a Corps contract in 1970. Minor amounts (approximately
10 percent) of a light gray to medium gray, slightly to moderately
weathered porphyritic andesite and a light gray, coarse grained
granodiorite are also present. The lighter colored andesite is
characterized by numerous healed to rust stained incipient fractures and
surface coatings of hematite and limonite. Most of the rock breakdown
noted appeared to have occurred along these fractures. Most of the rock
placed on the jetties probably came from the Harlow Quarry, south of
Corona.

Santa Ana Canyon

5-31 The foundation material at the drop structure consists of most
sandy silts and clays, silty and clayey sands with some layers of poorly
graded sands and gravels to 3 inches. Moisture contents range from 3 to
12 percent in the coarser materials, and from 28 to 46 percent in the
finer materials. Some cobbles are encountered below 20 feet. Standard
penetration testing (SPT) indicates that materials in TH 87-1, located
on the south side of the drop structure, are loose with blow counts
ranging from 3 to 9. The other two holes (i.e. TH 87-2 and 3), on the
north side, indicates an increase in density naving blow counts ranging
from 11 to 40. Groundwater was encountered approximately 20 feet below
the ground surface.

5-32 At the Green River Golf Course area, foundation materials are
generally coarser than those found at the drop structure. They are
composed of poorly graded sands, and silty sands with some layers of
poorly graded gravel and sandy silts. Drilling in this area required
drilling fluid within the first 5 feet. SPT data taken within material
above 15 feet indicate that it is loose with blow counts below 15.
Below this zone, the material increases in density, which was reflected
by an increase in drilling effort. Penetration tests in these zones
were not done due to the gravel and cobbles. Groundwater was
encountered approximately 20 feet below the ground surface.
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VI. ANALYSES

Levee Analysis

DESIGN VALUES

6-01 Representative design values have been selected for the
foundation, levee and other construction materials. The selected design
values are based on the results of detailed laboratory testing conducted
on disturbed samples of representative materials from the foundation,
levee, and invert; and on previous tests on similar materials from other
projects; and on extensive construction experience with alluvial and
streambed materials in the general vicinity of the project. Because the
exploration revealed a wide variety of material types, and numerous
loose or soft layers in the foundation and levees, laboratory tests were
conducted on the various materials compacted to both 80 and 90 percent
of maximum density as determined by ASTM test method 1557. The 80 percent
compaction values were chosen to simulate the loose layers of in situ
materials, and the 90 percent values were chosen to approximate the
firmer in situ foundation and levee materials, and to represent the
expected densities in the compacted levee embankment materials. The
moisture-density relationships established by compaction studies and in
situ foundation tests were used to determine the dry and moist unit
weights. The saturated unit weights were determined by calculating the
volume of voids at 80 and 90 percent of maximum density and assuming
those voids were filled with water. The shear strength and cohesion
values selected are interpretation of consolidated undrained triaxial
compression test data, with pore pressure measurements used to determine
consolidated drained values (R-type test). Conservative permeability
values for calculating seepage through the levees were chosen from test
results on similar materials. The adopted design values for the various
materials in the foundation and levee are showr in the following table.

SEPAGE

6-02 The proposed levees were analyzed for potential through seepage on
the landside slopes. The seepage analysis addresses both the concerns
of quantity of flow and of the factor of safety against piping.
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6-03 Variables that significantly affect the seepage analysis are the
levee height (including decreases in invert elevation), the slope of the
levee faces, the ground level behind the levee, the elevation of
impervious layers, and the water level. The levee side slopes were set
to be 1V on 2H, the top width was set at not less than 15 feet to allow
for construction and maintenance equipment access, and the water surface
was established at the maximum flood elevation, with 3 additional feet
of freeboard determining the levee height. The transient flow condition
was determined for the design flow period of just more than 4 days,
although the maximum design water level would actually exist for less
than 2 days.

6-04 A permeability for the embankment and foundation materials of
10 ft/day was selected as a value representative of the lower quartile
gradations, from the frequency studies of samples. The seepage exit
points were estimated for the different levee heights typical of those
conditions found in the project area, and were then compared to the
ground heights behind the levees. All of the areas in which the ground
height behind the levees is above the exit point were eliminated from
further analysis as they would not develop seepage problems. There are
percolation ponds on the backside of the right side of the levee in
reach 2. For the purpose of the seepage analysis, the ponds were
assumed to contain water to their weir elevations during floodflows.
This assumption allows areas where the exit point is lower than the weir
elevation to be eliminated as a seepage problem area due to the fact
that the water on the backside of the levee would counteract the seepage
forces.

6-05 The remaining levee areas were then analyzed to determine the
extent of any seepage that might occur. The sections analyzed within
each reach included those with the greater typical heights on both sides
of the levee. The critical seepage sections within reaches 1 through 4
were developed as a 15-foot high levee on an impervious base. The
maximum seepage quantity for the brief period of maximum design flow was
calculated to be less than 20 cubic feet per day per lineal foot of
levee, with a factor of safety against piping of about 2. The critical
seepage sections within reaches 6 and 7 were develoed as a 22-foot high
levee with groundwater at the invert elevation. The maximum seepage
quantity within this area was calculated to be about 30 cubic feet per
day per lineal foot, with a factor of safety against piping of about 2.
The factors of safety against piping are considered conservative since
they are based upon steady state conditions rather than the transient
seepage condition, as discussed in subparagraph 6-03. The quantity of
seepage is not considered a concern other than a consideration for the
hydraulic design of side drainage. Rainfall behind the levees, for any
storm large and long enough to develop seepage through the levees, would
be added to the calculated seepage quantities, and the resulting
quantities would be contained by the side drainage system. Local
sections of levee that are affected by the design seepage conditions are
listed in the following table:

(
A-VI-3

I



Table C. Levee Areas Possibly Affected by Seepage.

Station Reach Levee Comments

830+00' 2 Right ---

740+00' 2 Right ---

710+00' 2 Right ---

6410+00' 3 Left ---

610+00' 3 Right Left & right levees contained within higher

existing banks.
150+00
to 0+00 6/7 Right Private property on backside of right levee.

' Seepage within sections 1,000 feet in length unless noted otherwise.

SLOPE STABILITY

6-06 This analysis of the slope stability is based on the recommended
plan. The stability of the levee slopes (including the trapezoidal
portion of reach 5) was initially analyzed for the existing soil

conditions, and additionally analyzed for new construction conditions

where the proposed alignment would require placing new material.

6-07 Cross-sections representing typical and composite soil conditions
were developed for both the left and right levees. Typical

cross-sections generally represent the most common soil conditions
encountered during the field investigation and composite cross-sections

generally represent weak materials (such as loose sand, low strength

silt and clay) and locally higher levees. Material types and properties
used in the analysis were determined from field investigations and
laboratory test results. The cross-sections have a top width of not

less than 15 feet, and 1V on 2H side slopes. They are analyzed for end

of onstruction, critical flood stage, sudden drawdown, steady seepage,
and earthquake slope stability cases as required by EM 1110-2-1913.
See plates 29 through 38 for representative cross-sections, including
the failure arcs and a table of the safety factors obtained.

General conditions of the existing or new embankments and

foundations are identified for each of the required slope stability
cases. These conditions form the basis for the slope stability
analysis, and are discussed in the following paragraphs:

|)
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End of Construction. Slope stability for the case of end of
construction takes into consideration any build up of pore
pressure in impervious soils during the construction period.
A major portion of the proposed levee construction will utilize
existing levees, and, therefore, the end of construction
condition would not be applicable. There will be some
relocation and construction which would generally utilize
free-draining materials and, therefore, consolidated-drained,
S, shear strengths have been used for the end of construction
analysis. For areas in reaches 3 through 7, construction of new
levees may utilize a less pervious material. Although the less
pervious materials are expected to drain faster than
construction proceeds, consolidated-undrained, R, shear
strengths have been conservatively used for the analysis.

The end of construction condition was analyzed for reaches
1, 3, 5, 6, 7 and the Canyon for newly constructed embankments
and Reach 4 for new material placed on existing embankments.
The analyses indicate factors of safety above the minimum
required.

* Critical Flood Stage. This case analyzes the riverside slope
during prolonged flood stages in which the levee embankments may
become saturated and develop a condition of steady seepage.
Shear strengths for the less pervious soils were defined by a
strength envelope midway between the R and S test envelopes for
high normal stresses, and with the S strength envelope for low
normal stresses. For free-draining materials, the slopes were
analyzed with the S strength envelope. Most of the existing
materials in the levees and the proposed borrow materials, are
free-draining and the S strength envelope was used in the
analyses. However, some of the existing materials in the lower
reaches, 3 through 7, are not free-draining and the combined
R and S strength envelope, as discussed above, was used for the
critical flood stage analyses.

Each of the levee cross-sections was analyzed with the
water level at the design flood stage. All factors of safety
for these analyses were above the required minimum factor of
safety of 1.4.

* Sudden Drawdown. In general, the sudden drawdown analyses are
based on the conservative assumption that the embankments are
saturated and remain saturated during drawdown when the water
surface is lowered instantaneously from maximum design flood
stage to the minimum stage at the invert. Where the above
conservative assumption resulted in factors of safety less than
required, a more realistic condition was assumed and analyzed.

C
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This condition took into account the fact that the time required
for the flood waters to recede is estimated to be at least
3 days, and that, for most of the levees, the existing materials
and the proposed borrow materials are free-draining. These
conditions allow drainage of the slope face to proceed
concurrently with the lowering of the flood waters. However, in
areas of Reaches 3 and 7, some of the existing materials are not
free-draining and the general assumption that pore pressure does
not di3sipate would be the more representative approach. For
free-draining materials the S shear strengths was used and for
less pervious materials the minimum of the R and S shear
strength envelopes was used in the sudden drawdown analysis.

Each of the levee cross-sections analyzed for sudden

drawdown met or exceeded the required factor of safety of 1.0.

* Steady Seepage. The condition of steady seepage occurs when
water levels remain at the flood stage long enough to develop a

steady state phreatic surface through the limited sections of
levee not paved or grouted. Hydrographs for the Santa Ana River
indicate that the maximum flood waters will be of a duration

just long enough to develop the condition of steady seepage with
the more pervious levee materials. The stability analyses for
the case of steady seepage were performed for the landside

slopes. For less pervious materials, a shear strength envelope
which uses S strengths for low normal stresses and an envelope
midway between the R and S test envelope for higher normal
stresses were used. The S strength envelope waj used for free-
draining materials. Even though conservative values were chosen
for analyzing the steady seepage condition, the full phreatic

surface would only develop for storms of the magnitude of
100-year or greater.

All the cross-sections developed a factor of safety equal
to or greater than the minimim required 1.4 for steady seepage
without earthquake. The acceptable factors of safety, even for

the more shallow stability arcs (3- to 5-feet deep) within
cohesionless embankment materials, indicate that sloughing of
the slopes due to the short term steady seepage will not be a
concern.

* Earthquake. The slope stability cases of end of construction,

critical flood stage, and steady seepage were analyzed with
earthquake forces. The representative design coefficient of
0.15 g for the earthquake case was selected in accordance with
EM 1110-2-1902, after a combined seismic and flood risk analysis
determined that the use of maximum probable accelerations to
preclude the release of only occasional floodflows (as
quantified below), was not required.

(a) The calculated combined risk associated with a 0.2 g

local surface acceleration produced by an earthquake on the San
Andreas fault, is less than 0.0007 during a period of design
flow.

A-VI-6



(b) The calculated combined risk associated with a 0.45 g
near field surface acceleration produced by either an earthquake
on the Whittier-Elsinore fault zone at the upper end of the
project or the Newport-Inglewood fault zone at the lower end of
the project, is only about 0.0001 during a period of design
flow.

In all cases analyzed, the levee cross-sections met or exceeded the
minimum required factor of safety of 1.0.

SLOPE PROTECTION

6-08 Revetment stone is required on the unpaved riverside levee
slopes. Hydraulic design (see Main Report-Vol. 3) determined the
maximum riprap thickness required for the levees will vary considerably
as indicated in table D. In areas near drop structures and places of
higher velocities, maximum riprap thickness will be as much as
60 inches, with grouted stone proposed as an alternative where riprap
thicknesses are excessive. Riprap placed under water would have a
50 percent thicker layer. Grouted stone revetment is proposed to be
placed as a 15-inch layer, as a possible alternative to the riprap,
throughout the project.

6-09 In order to prevent erosion and loss of fines through the voids in
the riprap stone revetment, some type of filter will be required. Two
types of filter material were evaluated so that the most economical
could be used. The two types are filter stone and filter cloth.

6-10 The stone and filter requirements were designed in accordance with
EM 1110-2-1913 and ETL 1110-2-120.

Table D. Riprap/Filter Thickness.

Riprap Thickness Filter Thickness
(D50) (Dry) (Wet) (Dry) (Wet)

8" 12" 18" 6" 9"

10" 15" 214" 6" 9"
12" 18" 27" 6" 9"
14" 21" 33" 6" 9"
15" 24" 36" 9" 12"
24" 36" 54"
33" 48" 72"
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Drop Structure and Stabilizer Analysis

6-11 In order to maintain the invert grade line, drop structures and
invert stabilizers are proposed within the soft bottom reaches of the
project. Typical cross sections of the structures are shown in figures
5 and 6.

DESIGN VALUES

6-12 Based on the founcation conditions at the proposed invert
structure improvements, the following values are selected for design:

Table E. Invert Structure - Design Values.

Moist unit weight, (pcf) 120
Saturated unit weight, (pcf) 130
Angle of internal friction, (deg) 34
Active earth pressure coef. 0.28

Moist equiv. earth fluid, (pcf) 34
Saturated equiv. earth fluid, (pcf) 80

Passive earth pressure coef. 3.5
Moist equiv. earth fluid, (pef) 420
Saturated equiv. earth fluid, (pcf) 300

At-rest earth pressure coef. 0.45
Saturated equiv. earth fluid, (pof) 93

Allowable bearing pressure, (psf) 3000
Permeability,(fpd) 50
Coefficient of sliding friction 0.40

tUDERSEEPAGE

6-13 A drain blanket will be required beneath the proposed drop
structures in order to preclude the effects of uplift and piping due to
underseepage. Two water surface conditions were considered for this
analysis; one for a saturated invert, and another considering full flow
conditions. The permeabilities of the foundation materials were based
upon the D1 0 of the foundation materials. The uplift forces for both
conditions indicated that the saturated invert condition is more
critical, and thus is the basis for design. The drain blanket was
designed in accordance with ETL 1110-2-236.

A-VI-8
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STQIE PROTECTION

6-14 The hydraulic design has established that the stone requirements
for the drop structures, will include derrick stone at the leading and
trailing invert areas. The invert stabilizers will be constructed of
grouted cobblestone, and will require derrick stone at the trailing
invert areas. The gradation requirements for the required stone have
been designed in accordance with ETL 1110-2-12n, and the filter
requirements are in accordance with EM 1110-2-1913.

BEARING

6-15 The existing foundation materials encountered beneath the proposed
drop structures will provide a bearing capacity of 3000 psf. Settlement
is expected to be negligible for the invert structures, since the
additional load due to the improvements is not an appreciable increase
from the existing overburden.

LATERAL PRESSURES

6-16 The lateral pressures acting on the breast walls have been
determined, assuming that all backfill will be from local required
excavation. It has been assumed that drop structure breast wall
backfill will remain saturated, and that the driven steel sheetpile wall
backfill within the Canyon will drain.

SLIDING

6-17 The coefficient of friction between the base of drop structure
slab and the foundation material is assumed to be 2/3 the angle of
internal friction of the foundation material.

Concrete Trapezoidal and Rectangular Channel Analysis

DESIGN VALUES

6-18 The soils design values selected for the proposed concrete channel
are based on conservative interpretations of the field and laboratory
test results. Consideration was given to design values selected for
similar material on major projects constructed by the Los Angeles
District Corps of Engineers. Permeability of the foundation materials
is based on tests performed at 80 and 90 percent of maximum density
(ASTM D 1557) on samples representative of lower quartile gradations
from frequency studies of all foundation samples taken. The following
values are selected for the rectangular channel and for the trapezoidal
channel design:
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Table F. Concrete Channel Design Values.

Foundations

Allowable Bearing Pressure, (psf) 1500

Permeability, (fpd) 5

Backfill

Dry Unit Weight, (pcf) 100

Moist Unit Weight, (pcf) 108
Angle of Internal Friction, (deg) 28

Cohesion, (psf) 0

Active Earth Pressure coei. 0.36

Equivalent Earth Fluid Weight, (pcf) 40

SUBDRAIN

6-19 A subdrainage system will be required between 17th Street and
Fairview Channel in the Santa Ana River Channel, and in the
Greenville-Banning Channel between the San Diego Freeway and
Hamilton-Victoria Avenue. A subdrainage system is necessary to control
hydrostatic uplift forces under the channel invert and low flow area,
due to high groundwater levels or a perched water condition. The
subdrain system was designed in accordance with ETL 1110-2-236 and the
Los Angeles District Report on Manhole Subdrain System, July 1957. The
design was based on channel dimensions given as amended in the Phase II
GDM hydraulic design, and an estimated minimum channel invert thickness
of 10 inches. A design hydrostatic head of 10 feet above the top of the
subdrain collector pipes was used and subdrain pipes were assumed to
flow a maximum of 80 percent full. The effect of adjacent subdrains in
both the main and Greenville-Banning channels was considered in the
subdrain design. Where possible, consistent pipe sizes were maintained
along the channel while discharge distances were varied. The design (as
discussed in paragraph 7-35) was verified by the construction of full
channel flow nets.

LEVEE SLOPE STABILITY

6-20 From Seventeenth Street to about the San Diego Freeway, the
channel will be a trapezoidal concrete lined channel. Existing levees
will be utilized to some degree. Levee heights, however, will not be
increased. The stability of the existing levee materials along the
proposed trapezoidal channel reach was checked in accordance with
EM 1110-2-1902, as presented in paragraph 6-06.
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BEAR310

6-21 The bearing capacity of the foundation soils was determined in
accordance with EM 1110-2-1903, accounting for both shear and settlement
considerations. The allowable foundation bearing pressure of 1500 psf
is based on a maximum allowable settlement of 1-inch considering each of
the material types encountered in the rectangular channel reach.

LATERAL FORCES

6-22 The lateral earth forces acting on the rectangular wall were
determined in accordance with EM 1110-2-2502. The forces were selected
assuming that wall deflections will be sufficient to reduce wall
pressures to the active state. An active earth pressure coefficient
(Ka) of 0.36 and equivalent earth fluid weight (EEF) of 40 pcf are given
in paragraph 6-18 with other pertinent design values. These values are
based on a cohesionless silty sand (SM) backfill compacted to 90 percent
of maximum density (ASTM D 1557).

Disposal Beach Compatibility Analysis

6-23 The analysis of compatibility is based upon the gradations of
representative materials obtained from both the disposal (beach) and the
borrow (required invert excavation) sites. The gradations of the
sampled range lines along the proposed disposal beach have been grouped
into composite blends representing similar materials within adjoining
sections of beach. The same type of grouping was done for the materials
that are to be removed down to the proposed invert within functional
construction reaches. The groupings were made so that increased
flexibility would be obtained in utilizing all available required invert
excavation for the replenishment of adjacent beaches.

COMPATIBILITY CRITERIA

6-24 The criterion for beach fill materials is set within the Code of
Federal Regulations, Title 40, Part 230. Specifically, within Section
230.4-1.b.1, the code states that beach restoration materials are to be
composed predominately of sand, gravel or shells with particle sizes
compatible with the material on disposal beaches.

6-25 The Los Angeles District Corps of Engineers has established
quantitative guidelines for the compatibility of beach and borrow
materials. The guidelines say that in order to determine compatibility,
the grain size distribution curves for the disposal beach samples will
be plotted. These curves define an envelop, within which all the
existing beach material will fall. For the borrow material to be
considered compatible, the composite curves for the borrow should fall
within the envelope of curves for the disposal beach with the following
exceptions. The coarse grained portion of the composite curves may fall
outside of the envelope if not restricted by esthetic considerations.
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The fine grained portion may also fall outside of the envelope, however,
the percentage of silt and clay (percent passing the No. 200 sieve)
shall not exceed that of the finest beach sample by more than
10 percentage points.

DISPOSAL BEACH

6-26 Composite gradations for each particular range line were
determined using every sample along each range line. The range line
gradations are shown in table 11. Range line gradations for similar
sections of beach were then compiled, and the average and upper quartile
composite and upper limit gradations of the combined areas were plotted.
See figure 7 for representative beach gradation envelopes.

INVERT MATERIAL

6-27 All invert areas of required excavation were sampled. The
gradation of each sample was obtained and compared with the gradations
of adjoining reaches of invert. A composite gradation summary was then
developed for functional areas of similar materials, within each reach
where excavation is required. See table 9 for representative composite
gradations of the invert material to be removed.

COMPATIBILITY

6-28 The Los Angeles District guideline was used to determine grain
size compatibility. The average and upper quartile composite and upper
limit gradations of one combined section of disposal beach were plotted.
The composite average gradation of each representative reach of
excavated invert was then plotted on the same figure. Invert materials
judged to be generally suitable for beach replenishment are those
functional composite groupings that contain up to 10 percentage points
more fines than the upper quartile gradation of a section of disposal
beach. See figure 7 for the gradation comparisons. -
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VII. DESIGN APPLICATIONS AND CONSTRUCTION COESIDERATIONS

Project Dewatering

GENERAL

7-01 The construction of all levee embankments, invert structures,
hard-bottom channel sections will be accomplished free of standing
water.

7-02 Dewatering could be accomplished by some combination of drainage
ditches, dikes, cofferdams, wellpoints, and pumps or other techniques
proposed by the contractor. Each of these methods will be discussed in
the following paragraphs. This report also presents a suggested scheme
for estimating the dewatering for each typical reach or section.

7-03 The groundwater conditions along the project alignment have been
discussed, herein, before. The groundwater basin is illustrated in
figures 3 and 4, and groundwater profiles along the project alignment
are shown on plate 6.

Diversion

7-04 Surface flow is expected to be continuous along the Lower Santa
Ana River, during construction. Generall':, water could be diverted to
the inactive side of the channel, by means of dikes and drainage
ditches. The dikes will be of sufficient height to preclude
overtopping, and of sufficient sectional width to eliminate piping. It
is recognized that the dike section(s) will be pushed-up and
continuously maintained by the contractor, ar an area is worked. Any
drainage ditch construction, or excavation of dike fill that goes deeper
than the final invert elevation will be backfilled and compacted.
Overexcavation in reaches of the proposed hard-bottom sections will also
be backfilled with compacted fill material.

(
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Grounater

7-05 Subsurface water may generally be removed by pumping the gravity

flow from a sump system, since the foundation materials for this project
are typically sand or silty sand. The pumping rates for the
preconstruction dewatering of each proposed improvement, will be
discussed in the following paragraphs. The rates are discussed as an

aid to estimating construction costs. Excessive flows in the cleaner
sand foundation materials may be controlled with sheet pile cutoff
walls. Seepage into any excavation may be removed by pumping from a
sump trench. Based on a 15-foot wide excavation 12 feet deep, a
required pumping rate of about 150 gpm per 100 feet of excavation can be
expected. A sheet pile cutoff around the excavation could be used to
reduce the seepage rate. A cutoff to a depth of 10 feet below the
bottom of the excavation would reduce the required pumping rate to about
70 gpm per 100 feet of excavation.

Cofferdams

7-06 Tidal variations within the lower reach of the Santa Ana River
will create additional dewatering requirements. The tide is expected to
rise as high as +8 feet MLLW (+10 feet NGVD), meaning that tidal surface
flows could effect construction as far inland as Adams Avenue.
Cofferdams may be used to control the upstream movement of the tides.

Levee Construction

NEW COSTRMCTI[OR

7-07 New construction will consist of building new levees to the
alignment and elevations required by the hydraulic design where existing
levees cannot be modified or do not currently exist. Paragraph 7-12
discusses the proposed levee modifications, including widening or
raising existing levees as described in paragraphs 1-13 through 1-24.
Closely related construction in the channel, including stabilizers and
drop structures and channel excavation, are discussed in the following
paragraphs 7-22 through 7-40.

Geometry

7-08 The new levees would be constructed with 1V on 2H side slopes and
a top width of not less than 15 feet. Typical dimensions and cross
sections are shown on plates 29 to 37.

Foundation Treatment

7-09 The foundation areas for new levee construction would be cleared
and grubbed to expose the foundation soils, and proof-rolled to at least
90 percent of maximum density (ASTM 1557) to provide a firm foundation
for the compacted fill materials and to reduce underseepage and
settlement. Control of surface water in the channel can be accomplished
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with diversion levees to direct the flows to the opposite side of the
channel, however dewatering may still be required in some areas to allow
excavation and construction of the levee toe. Dewatering could be
accomplished with a system of well points or a collection ditch with
sump pumps. Temporary excavation slopes for the toe construction would
be no steeper than 4V on 3H, and in areas of relatively loose
noncohesive granular soils, may need to be flatter. The required
excavation for toe construction will preclude the need for the
excavation of a separate inspection trench. Unsuitable foundation soils
such as soft clays, loose sands or open-graded gravel or cobble layers
would be removed and recompacted or replaced with compacted levee fill
materials.

Sources of Material

7-10 The new levees will be constructed with materials from the
required channel invert excavation. Hydraulic design of the channel
requires the lowering of the existing invert elevation at various
locations. The two locations within reasonable haul distances that
could provide suitable materials from the required excavation are in
reach 1, above Imperial Highway, and just downstream of reach 4 between
Seventeenth Street and Edinger Avenue. The materials available in the
upper borrow area are primarily sands with relatively small amounts of
silt and gravel, as described in paragraphs 5-01 through 5-10. The
materials available in the lower borrow area are finer grained,
primarily silty and clayey sands with occasional gravels and cobbles, as
described in paragraphs 5-19 through 5-22. The balance factors for
materials from either borrow site would be approximately 0.85 when
excavated, hauled, placed, and compacted with conventional construction
techniques. The relatively pervious granular materials from the upper
borrow area are preferred due to their ease of handling and free-draining
characteristics. Excess pore pressures and marginal slope stability
under sudden drawdown conditions would be largely eliminated if these
materials are used to construct the new levee sections. Finer-grained,
slower-draining materials from the lower borrow area would reduce the
hauling distance and costs for the levees in reaches 3 and 4, but would
probably increase the potential for slope distress during the life of
the project. A discussion of the stone and filter materials to be used
on the levees is presented in paragraphs 7-17 through 7-21.

Construction Requirements

7-11 Conventional heavy construction equipment would be suitable for
construction of the levees. Excavation of the borrow materials from the
channel invert could be accomplished with self-propelled scrapers if the
haul distance is reasonably close, or with rubber-tired loaders and
hauled in off-road trucks if haul distances are longer. After clearing,
grubbing and proof-rolling the foundation, borrow materials from the
channel invert excavation would be placed and spread in lifts no thicker
than one foot. Cobbles and boulders larger than 3/4 of the lift
thickness would be removed on grade before compaction. Processing of

the excavated materials to remove the oversize particles would not be

(
! A-VII-3



required due to the relatively small amount of stone in the borrowed
areas. Moisture content of the fill materials would be adjusted to near
optimum by adding water on grade if too dry, or by scarifying and
aerating if too wet. The conditioned fill material would then be
compacted to at least 90 percent of maximum density as determined by
ASTM D 1557 by rolling with a rubber-tired or other type roller suited
to the materials being compacted. Field density tests (ASTM 1556) would
be conducted in sufficient numbers to assure that the required
compaction is accomplished. Slope protection requirements are discussed
in paragraphs 7-17 through 7-21.

RECONSTRUCTION

7-12 The existing levees would be modified in some locations by
increasing the height of the levee or by a realignment of the centerline.

Geometry

7-13 The modified levees would be constructed with IV on 2H side slopes
and a top width of not less than 15 feet, the same as the new levee
sections. Typical sections showing the variations and extent of levee
modification are shown on plates 29 through 36.

Foundation Treatment

7-14 Where new fill material is to be placed over existing levees, the
levee will be prepared as a suitable foundation by removing any pavement
on the crest and any slope protection or vegetation on the side
slopes. Sloped surfaces steeper than IV on 4H will be flattened or

stepped so that the compaction equipment will bear fully, and
proof-rolled to at least 90 percent of maximum density as determined by
ASTM test method D 1557. New foundation areas will be cleared grubbed,
proof-rolled, and scarified before the first lift is placed. As with
the new levee construction, dewatering may be required in some areas
where the riverside slope of the existing levee is to be modified.

Sources of Material

7-15 Borrow materials for modification of the existing levees will be
obtained from the same channel excavation sources as for the new levee
construction. Free draining granular materials will be available within
all the construction reaches of the project.

Construotion Requirements

7-16 Reconstruction of the existing levees can be accomplished with
conventional heavy construction equipment following the same procedures
described for new levee construction, except that the existing slope
protection would be removed and stockpiled if adequate for reuse.
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SLOPE PROTECTION

Stone Sources

7-17 Slope protection materials for the Lower Santa Ana River project
would be available from two sources, nearby commercial rock quarries and
portions of the existing river levees. Local quarries which have
produced suitable stone within the past 5 years for Corps of Engineers'
construction projects are listed in table G. All these sources are
within 30 miles of either the upstream limits (Santa Ana Canyon) or
downstream limits (Pacific Ocean) of stone placement for the project.
The Corona group of quarries (Corona-Pacific, Harlow and 3M) would be
the closest sources to the upper reaches of the project. Stone could
also be obtained from the more distant Atkinson, Declezville and
Stringfellow operations in the Jurupa Mountains near Riverside. The
Slover Mountain Quarry near Colton and the Fish Canyon Quarry near Azusa
would also be potential sources of stone. The closest source to the
downstream limits of the project is the Pebbly Beach (Connolly-Pacific)
Quarry on Santa Catalina Island.

Table G. Rock Quarry Locations.

Minimum Distance
Quarry Nearest City to Site (mi)

Atkinson Riverside 18
Corona-Pacific Corona 9
Declezville South Fontana 18
Fish Canyon Azusa 22
Harlow Corona 11
Pebbly Beach Avalon (Santa Catalina Is.) 30
Slover Mountain Colton 24
Stringfellow Riverside 18
3M Corona 10

During construction, suitable stone may also be reclaimed from portions
of the existing levees (see paragraph 5-14). Reach 3 from Katella
Avenue to Santiago Creek would provide stone suitable for reuse as slope
protection. Armor stone currently in place on the existing jetties
could be utilized in the jetty reconstruction.

Stone Quality

7-18 Results of recent quality compliance tests conducted by SPD
laboratory on stone samples from the quarries listed in table G and from
the existing levees are summarized in table 10. In addition, the most
recent Corps of Engineers project associated with each quarry source is
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shown. Although the quarries listed in table 10 have provided suitable
stone for Corps projects in the past, restrictions were placed on recent
usage of stone from the Harlow Quarry near Corona. Stone from this
source was accepted for use only as grouted stone in the Warm Creek-
Santa Ana River Confluence project because of the breakdown which
occurred during the June 1985 wetting and drying test. Despite high
abrasion losses shown for the Pebbly Beach and Declezville quarries, and
a sulfate soundness loss much greater than the specified limit of 10
percent for the Pebbly Beach source, stone from both quarries has
previously been accepted for use on Corps projects based on proven
satisfactory service records. Stone from Declezville was placed in the
San Pedro Breakwater, completed in 1912, and has shown no appreciable
deterioration since that time. Stone from Pebbly Beach, despite its
heterogeneous character, has given good service in the Long Beach and
Middle Breakwaters, beginning in the mid-1930's.

7-19 Results of quality compliance tests conducted in February 1988 on
samples of the existing levee riprap indicate an overall improvement in
rock quality between reaches 1 and 3 (see table 10). However, the test
results do not accurately reflect the deteriorating physical condition
of the volcanic andesite rock in reaches 1 and 2. Although the rock
types common to each reach passed the wetting and drying tests, the
andesite, which is diagnostic of Harlow Quarry, has demonstrated an
unsatisfactory service record because of its tendency to breakdown along
incipient fractures. This fact in itself would make the riprap on the
existing levees between Weir Canyon Road and Katella Avenue unsuitable
for reuse as slope protection and might preclude or restrict the use of
stone from Harlow Quarry on the project.

Stone Assessment

7-20 More than one source may be required to supply the estimated
500,000 plus cubic yards of riprap required for the Lower Santa Ana
River project. Suitable stone may be available form additional quarries
in the Riverside-Corona area or from other locations, but information on
these potential sources is not included in table 10 due to lack of
either recent test data or service records on Corps projects. Although
the majority of the sources have produced acceptable stone in the past,
it cannot be assumed that they will continue to do so. Therefore, any
stone source considered for use as slope protection will require further
field inspection and evaluation, and may require additional quality
compliance testing prior to stone placement.

Revetuent

7-21 Stone revetment meeting the gradation requirements as analyzed in
paragraph 6-08 can be placed with conventional methods from either the
top or bottom of the levee. Care must be taken during placement to
prevent segregation and unnecessary displacement of the underlying
filter or bedding layers. Riprap stone gradations, for each dry
thickness presented in the hydraulic design, are as follows:
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Table H. Riprap Gradations.

Riprap - 12" thickness

Approximate Weight Percent Passing

of Individual Pieces (ibs) (by weight)

86 100
35 65-100
26 50-70
17 15-50
5 0-15

Riprap - 15" thickness

Approximate Weight Percent Passing

of Individual Pieces (Ibs) (by weight)

169 100
67 65-100
50 50-70
34 15-50
11 0-15

Riprap - 18" thickness

Approximate Weight Percent Passing

of Individual Pieces (Ibs) (by weight)

292 100
117 65-100
86 50-70
58 15-50
18 0-15

Riprap - 21" thickness

Approximate Weight Percent Passing

of Individual Pieces (Ibs) (by weight)

463 100
185 65-100
137 50-70
93 15-50
29 0-15
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Riprap - 24" thickness

Approximate Weight Percent Passing
of Individual Pieces (ibs) (by weight)

691 100
276 65-100
205 50-70
138 15-50
43 0-15

Riprap - 36" thickness

Approximate Weight Percent Passing
of Individual Pieces (ibs) (by weight)

2333 100
933 65-100
691 50-70
467 15-50
146 0-15

Riprap - 48" thickness

Approximate Weight Percent Passing
of Individual Pieces (ibs) (by weight)

5520 100
2200 65-100
1647 50-70
1111 15-50
350 0-15

Filter Stone

7-22 Layers of filter stone can be placed with conventional
construction methods. Recommendations for filter stone are as follows:

1. The layer thickness of filter stone will be in accordance with
the table presented in subparagraph 6-08.

2. Filter fabric is an alternative to filter stone in areas where
dewatering is a concern, since placing filter stone under water
could cause segregation. If filter stone is placed under water,
a 50 percent thicker layer should be used.

3. Filter fabric will be used in the higher energy revetment
sections downstream of Pacific Coast Highway in order to
eliminate both segregation concerns and multiple layer costs.
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4. The filter stone gradation of the 12-, 15-, 18-, 21- and 24-inch
thick riprap stone follows:

Table I. Filter Stone Gradation.

Percent Finer
Sieve Size (by weight)

3 inch 100
1-1/2 inch 65-100
1 inch 50-85
1/2 inch 15-50
No. 4 0-15

7-23 Filter fabric will have an equivalent opening size (EOS) of 70 and
should be nonwoven to prevent tearing. A 15 percent increase in slope
area should be considered in estimating filter fabric requirements, to
consider the effects of lapping and bunching. Filter fabric would need
to be anchored at the top and the bottom, and protected from puncture
with an overlying layer of crushed rock. The top and bottom can be
anchored in narrow trenches at the top and bottom of the levee by
placing the edge of the fabric in the trench and backfilling with soil.
A 6-inch thick (9-inch when placed in wet) layer of crushed rock or
sandy streambed materials on top of the fabric would cushion the fabric
from the impact of larger stones during the placement of the revetment.
Steambed materials would be placed with a controlled drop height not to
exceed 12-inches, and would not be used as bedding in higher energy
areas (i.e., when dry riprap thicknesses exceed 24-inches). Splicing
segments of filter together in the field would be in accordance with the
manufacturer's recommendations.

Grouted Stone

7-24 Stone to be grouted can be placed with the same methods and
equipment used to place stone revetment. No filter layer would be
required beneath the grouted stone. If groundwater is present near the
surface, dewatering of the toe excavation may be necessary to carry out
the grouting operation. For estimating purposes, the volume of grout
may be expected to be about 30 percent of the calculated volume of the
grouted stone layer. For a 15-inch layer of grouted stone, the stone
would be well graded and vary in size from 3 to 12-inches in diameter.

Drop Structure and Stabilizer Construction

REQUIRED EXCAVATION

7-25 The proposed invert structures will be founded on the native
invert materials. The invert will be excavated to an average depth of
about 5 feet for invert stabilizer construction, and 10 feet for the
construction of the drop structures. Temporary slopes will not be
steeper than 4V on 3H.
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7-26 The excavation will be kept free of standing water during
construction. Any surface flows will be diverted around the
construction area by means of temporary dikes. Seepage into the
excavation will be removed by means of pumping from sumps. The pumping
rate to dewater the drop structure excavations is conservatively
estimated to be not more than 200 gpm, based upon an open excavation of
half the channel width. Dewatering rates for the invert stabilizer
excavations would be less than half of that for the drop structures.

FOUNDATION PREPARATION AND BACKFILL

7-27 The foundation subgrade surface will be trimmed and proof-rolled
to a smooth and uniform grade prior to any structural improvement.

7-28 The backfill and fill materials will be selected from the required
excavation. Materials with greater than 20 percent fines should not be
used as backfill for the breast walls. The backfill will be placed in
1-foot lifts and will be compacted to not less than 90 percent of
maximum density as determined by ASTM method D 1557. Fill materials
will be placed on surfaces that have been cleared and scarified to a
depth of 6 inches. Sloped ground surfaces steeper than one vertical to
4 horizontal will be flattened or stepped so that the compaction
equipment will bear fully on the fill layer. The fill will be compacted
to not less than 95 percent of maximum density.

GEOMETRY

Invert Structure Stone

7-29 The invert structure stone will be placed to the dimensions shown
in figures 5 and 6. The stone will be graded as presented in following
table. Grouted stone will be placed in a uniform mass in order to
eliminate double decking or layering of the stone.

Table J. Invert Structure Stone Gradations.

Gravel Drain(1-1/2 inch crushed rock)

Percent finer
Sieve Size (by weight)

1-1/2 inch 100
1 inch 90-100
3/4 inch 55-90
3/8 inch 8-20
No. 4 0-5
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Bedding Stone

Weight of individual Percent Finer

Pieces (Pounds) (by weight)

85 100

35 65-100
15 15-50
5 0-15

Derrick Stone

7-30 The derrick stone will be approximately 36 inches in diameter,
will extend 30 feet upstream and downstream of the structure. On the

downstream portion, the stone will slope downward at a 1V on 2H slope.
The thickness of the derrick stone will be 5 feet with 2 feet of bedding
stone, a layer of filter fabric, and 6 inches of bedding sand (raked,
native material, 3-inch material) beneath the derrick stone layer.

Grouted Stone

7-31 The grouted cobblestone will be reasonably well graded between 3
and 12 inches.

Drain Blanket

7-32 The gravel drain material and 6-inch collector drain pipe will be
placed to the dimensions shown in figure 5. Additionally, 3-inch weep
holes, 10-foot on center, will drain the breast wall backfill. The
gravel drain material will be graded as presented in the previous
table. Segregation and contamination of the drain materials will be
avoided. The gravel drain material will lie over a filter fabric and
6 inches of native invert materials which have been raked of +3-inch
material. The grouted stone drop structure will have 3-inch diameter
horizontal weepholes spaced at 10 feet on center and will be placed

one foot above the elevation of the end sill. Each weephole will be
backed with a one cubic foot gravel drain pocket completely bound by
filter fabric. The interface between the gravel pocket and the grouted
stone will be separated by a 12-inch by 12-inch section of galvanized

wire mesh (1/4 inch openings). The gravel drain material will be

1-1/2-inch crushed rock as shown in table J.

Levee Facing

7-33 To preclude the possibility of piping around the invert

structures, the grouted stone levee facing should extend not less than
5 feet below the deepest portion of grouted facing stone of the invert
stabilizers, or 10 feet below the bottom of the base slab of the drop
structure.

(
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SANTA ANA, ChANYO SHEETFILE

7-34 At the drop structure, improvements will consist of extending the
steel sheetpile wall 23 feet deep on both sides of the river down to an
elevation of 435 feet. Materials in this drop structure area should not
be a problem for standard sheetpile driving procedures.

Concrete Channel Construction

CHANNEL EXCAVATION

7-35 From Seventeenth Street to Fairview Channel, the proposed concrete
channel will be founded on native soil and will be constructed by open
cut. The invert will be excavated up to a depth of 5 feet below the
existing streambed surface. Invert materials are generally medium dense
poorly graded sands and silty sands. In addition to the invert
excavation, it will be necessary to cut into some existing levees for
construction of the channel walls and new levee slopes. Temporary
slopes will not be steeper than 4V on 3H.

7-36 The excavation will be kept free of standing water during
construction. Surface flows will be diverted around the active
construction area by means of temporary earth dikes, and seepage into
the excavation will be controlled by means of pumping from sumps. Based
on an open excavation of half the channel width and 5 feet deep, the
pumping rate required to dewater the excavation is about 100 gpm per
100 feet of channel.

FOUNDATION PREPARATION

7-37 In areas where the proposed channel invert is below the existing
streambed, the subgrade will be excavated to the design grade,
approximately 1 foot below the bottom of invert slab-elevation, then
trimmed to a uniform grade. The subgrade will then be proofrolled to
95 percent of maximum density (ASTM D 1557) so that no stone protrudes
more than 3 inches above grade. Any soft or yielding materials
encountered would be removed, backfilled with select material, and
recompacted to 95 percent of maximum density (ASTM D 1557). Where the
proposed channel invert is above the existing streambed, fill material
from the required excavation will be placed on the existing grade in
compacted lifts no thicker than 12 inches. Lifts will be built up to
the design grade elevation and will be compacted to at least 95 percent
of maximum density (ASTM D 1557). To prevent hydrostatic uplift of the
fill and paved invert, fill material placed beneath the invert will
contain not more than 15 percent fines.

SUBDRAIN COIlSrRUCTION

7-38 The subdrainage system in the Santa Ana River Channel will be
constructed in three configurations, and a fourth configuration will be
constructed in the Greenville-Banning Channel. Each configuration will
include a 6-inch gravel drain layer placed between a 6-inch thick layer
of filter sand and the concrete channel invert. The subdrainage system
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for the downstream end of the rectangular channel will consist of an
8-inch diameter collector (perforated) pipe placed longitudinally behind
either channel wall and two 6-inch diameter collector pipes placed
longitudinally under each half of the invert slab at 50 foot spacings,
starting from the channel wall collector. A final or third 6-inch
diameter collector pipe will be placed adjacent to either side of the
low flow channel, inset 60 feet from the previous invert collector. The
system for the upstream (narrower) portion of the rectangular channel
will be the same but with one less collector pipe and constant 50 feet
spacing. The subdrainage system for the trapezoidal channel will
consist of three 6-inch diameter collector pipes placed longitudinally
under each side of the invert slab. The first collector will be under
the outer edge of the invert, the second will be inset 30 feet, and the
final pipe will be inset 40 additional feet. The drain and filter
materials will extend up, beneath the channel slope paving, 5 feet above
the invert. The subdrainage system for the Greenville-Banning Channel
will consist of one 10-inch diameter collector pipe behind either side
of the channel just above the base of the channel walls.

7-39 The collector pipes under the invert slab will empty into 10-inch
diameter nonperforated discharge pipes. The nonperforated pipes will be
spaced at 300 feet for the lower portion of the rectangular channel,
400 feet for the upper portion of the rectangular channel, and 600 feet
for the trapezoidal channel. The collector pipes behind the rectangular
channel L-walls will discharge directly through a flap gate in the
channel wall. Flap gates in the channel walls will be spaced at
500 feet for the lower portion of the rectangular channel, and 600 feet
for the upper portion of the rectangular channel. Flap gates in the
Greenville-Banning channel walls will be spaced at 300 feet for the
rectangular channel and 600 feet for the trapezoidal channel.

7-40 The design configuration plates for the subdrain systems are
presented within the Main Report-Vol. 3.

7-41 The filter and gravel drain materials will be graded between the
standard limits specified below:

Table K. Subdrain Stone Gradations.

Filter Material (Washed Concrete Sand)

Percent Finer
Sieve Size (by weight)

3/8 inch 100
No. 8 80-100
No. 16 50-85
No. 30 25-60
No. 50 10-30
No. 100 2-10
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Gravel Drain (1-1/2 inch crushed rock)

1-1/2 inch 100

1 inch 90-100

3/4 inch 55-90

3.8 inch 8-20
No. 4 0-5

Care will be taken to avoid contamination or segregation of the sand

filter and gravel drain materials during placement. Precautions, such

as use of light equipment, will be employed to ensure uncontaminated

layers of the required thickness.

4BANDIWMT CONSTRUCTION

7-42 The existing left and right levees of the Santa Ana River Channel

that will be paved as a trapezoidal section may be either cut back or

built out, depending on the location, in order to create the new channel

alignment. Conventional heavy construction equipment will be suitable

for excavation of existing levees and construction of new levee fills.

Fill materials will come from the required levee and invert

excavation. Excavation of the borrow materials may be accomplished with

self-propelled scrapers for short haul distances or with rubber-tired
loaders and hauled in trucks for long haul distances. Levee fill will

be placed in compacted lifts no thicker than 12 inches. Fill will

contain no particles greater than 9 inches and will be compacted to

90 percent of maximum density (ASTM D 1557). Where new fill material is

placed over existing levees, the levee will be prepared as a suitable

foundation by removing any pavement or vegetation and flattening or
stepping slopes steeper than 1V on 4H so that compaction equipment will
bear fully on the compacted layer.

BACKFILL

7-43 Structural backfill behind the rectangular channel L-walls will

consist of select material from the required excavation. Backfill
materials will consist of sands and silty sands containing no particles

larger than 3/4 of the compaction lift thickness and no more than
10 percent passing the #200 sieve. Backfill will be placed in 12-inch

thick loose lifts and compacted to not less than 90 percent of maximum

density (ASTM D 1557) and within 2 percent of optimum moisture

content. Compaction of backfill material will be accomplished by means
which do not overstress the L-wall. Mechanical hand tampers may be

employed, but heavy equipment will not be permitted within 3 feet of the

wall.

A-VII-14



Beaoh Disposal

ACCEPTABLE INVERT EXCAVATION

7-44 The acceptable invert materials for beaches are shown in the

figure 7 series of compatibility envelopes, as described in
paragraph 6-28. Acceptable materials have been identified only to the
depth of the proposed invert. All composite areas of required invert
excavation (see table 9) are useable for beach placement. Because
iivert materials are subject to change during periods of significant
channel flow, the suitability of any required excavation designated for
placement on the beach should be monitored during construction.
Acceptable materials are identified only by grain size in this appendix.

PLACEMET

7-45 The method of placing renourishment materials on a beach is a

critical factor in retaining the materials. Specific methods of
placement and geometry will be presented in the Coastal Design Appendix.
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VIII. COINCRETE MATERIALS

GEERAL

8-01 This section discusses the availability and suitability of

concrete materials. Prior to the preparation of plans and
specifications, a detailed concrete materials investigation will be
prepared for the concrete structures. The scope of the investigation
will be in accordance with the requirements of EM 1110-2-2000, Standard
Practice for Concrete, dated 5 September 1985.

Aggregate Sources

GENERAL

8-02 The following paragraphs summarize the potential sources of
concrete materials available for the project. The material sources
listed are representative of those currently-used by the local
producers. Plate 39 shows the locations of aggregate, cement, and
pozzolan sources. Detailed investigations, which evaluate the quality
of the aggregates from those sources are in progress. Additional
sources will be investigated and the complete analysis of the results
will be presented in the Feature Design Memorandum addressing major
items of concrete construction.

BLUE DIAMOND MATERIALS

8-03 This producer of concrete aggregate is located on an alluvial sand
and gravel deposit along the Santiago Creek in Irvine, CA. Blue Diamond
has been at this location for 12 years and expects to be in production
there for a minimum of 8 more. The plant produces 1-1/2" aggregate,
3/8" pea gravel, and washed concrete sand. Additionally, the plant
produces 3/4", 1/2", and 3/8" crushed rock as well as some boulders of
up to three foot diameter. The plant has an annual output of
approximately one million tons and is located 28 miles from the Santa

Ana River at both Prado Dam and its juncture with Pacific Coast Highway.

(A
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FOSTER S AnD GRAVEL

8-04 Foster Sand and Gravel is located along Temescal Wash near Corona,
California, and consists of an alluvial sand deposit. Foster has been
at this location since 1972 and expects to be in production there for a
minimum of 25 more years. The plant produces chiefly sand for fine
aggregate although about 15 percent of its output consists of 1 inch
aggregate and 3/8 inch pea gravel. The plant has an annual output of
approximately one million tons and is located 15 miles from the Santa
Ana River at Prado Dam and 45 miles from the river at Pacific Coast
Highway. Located in the immediate vicinity of Foster are several other
producers of sand for use in concrete including R.J. Noble, Chandler,
Concrete Products Inc., and C.L. Pharris.

OWL ROCK

8-05 The Owl Rock Plant in Rialto has been located along Lytle Creek
since 1955 and expects to be in production there for a minimum of
80 more years. The site consists of an alluvial deposit and produces
1-112 inch and I inch aggregate, 3/8 inch pea gravel, and washed
concrete sand. The plant has an annual output of almost two million
tons and is located 30 miles from the Santa Ana River at Prado Dam and
60 miles from the river at Pacific Coast Highway. While this source is
not located in the immediate vicinity of the project area it is included
here because it supplies aggregate to many ready mix firms which are in
the project area.

TRANSIT MIXED CONCRETE

8-06 Transit Mixed Concrete mines a deposit along the San Gabriel River
in Azusa, CA which is alluvial in nature. Transit Mixed has been at
this location for over 40 years and expects to be in production there
for a minimum of 15 more years. The plant produces 1-1/2 inch and
1 inch aggregate, 3/8 inch pea gravel, and washed concrete sand and has
an annual output of over three million tons. It is located 25 miles
from the Santa Ana River at Prado Dam and approximately 45 miles from
the river at Pacific Coast Highway. Located in the immediate vicinity
of Transit Mixed are several other aggregate producers including Blue
Diamond Materials and Cal Mat.

Cementitious Materials

CEMET SOURCES

8-07 There are a relatively wide variety of cement producers in and
near the Los Angeles Basin which are capable of supplying cement
certified by the Corps of Engineers ongoing cement certification program.
Among these plants are the California Portland Cement Company plant at
Colton, the Kaiser Cement Company plant at Lucerne Valley, the
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9outhwestern Cement Company plant at Victorville, and the Riverside
Cement Company plant at Riverside. All of these plants are in the state
of Califorina. The following paragraphs summarize the types of cements
which these plants produce. Table L supplies prices of various cements
from the sources specified, and Table M contains cost data on the
shipping of cement.

8-08 The California Portland Cement Company plant at Colton, located
approximately 25 miles north of Prado Dam and 55 miles north of the
Santa Ana River's juncture with the Pacific Coast Highway, produces Type
II and III cements conforming to the requirements of ASTM C-150.

8-09 The Kaiser Cement Company plant in the Lucerne Valley, located
approximately 89 miles north of Prado Dam and 119 miles north of the
Santa Ana River's juncture with the Pacific Coast Highway, produces
Type II cement conforming to the requirements of ASTM C-150. This plant
also produces a blended cement conforming to the requirements of
ASTM C-595, Type IP.

8-10 The Riverside Cement Company plant at Riverside, California,
located approximately 17 miles west of Prado Dam and 47 miles northeast
of the Santa Ana River's juncture with the Pacific Coast Highway,
produces Type II cement conforming to the requirements of ASTM C-150.

8-11 The Southwest Cement Company plant at Victorville, California,
located approximately 66 miles north of Prado Dam and 96 miles north of
the Santa Ana River's juncture with the Pacific Coast Highway, produces
Type II and V cements conforming to the requirements of ASTM C-150.

Table L. Cement Prices in Dollars Per Ton.
(FOB Plant, December 1987)

Cement Type
Cement Plant and Location IP II Ii V

California Portland, Colton - 73.00 78.00 -

Kaiser, Lucerne Valley 74.30 60.00 - -

Southwestern, Victorville - 64.00 - 80.30
Riverside Cement, Riverside - 63.00 - -
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Table M. Cement Shipping Prices in Dollars Per Ton.
(December 1987)

Distance Distance Distance
(Miles) Cost (Miles) Cost (Miles) Cost

3-5 3.142 30-35 4.480 70-80 7.828

5-10 3.296 35-40 5.200 80-90 8.446
10-15 3.450 40-45 5.922 90-100 9.012
15-20 3.760 45-50 6.386 100-110 9.682
20-25 3.966 50-60 6.902 110-120 10.300
25-30 4.224 60-70 7.314 120-130 11.072

POZZOLAN SOURCE

8-12 ETL 1110-1-127, dated 17 August 1984 requires the Federal
Government to allow the use of flyash in concrete construction except in
those cases where it's use can be proven to be undesirable. The local
practice of the ready-mix concrete industry is to use flyashes as
pozzolanic admixtures in concrete. The reasons for this is the
reduction of heat of hydration, reduction in cost due to the price of
flyashes in comparison to the price of cement, increased workability at
lower water contents, and the reduction in the alkali-aggregate
reaction. The practice of local agencies is to specify Type F flyash
generally conforming to the requirements of ASTM C-618. The Corps of
Engineers has recently started a program to evaluate the quality and
uniformity of flyashes and has set up a certification plan, for
flyashes, similar to the one used for cements. Materials conforming to
these requirements are produced at the plants shown on plate 39.

8-13 The closest local producer, the Western Ash Company, supplies
flyash, conforming to the requirements of ASTM C-618, Type F, from a
plant at Page, Arizona, approximately 555 miles northeast of Prado Dam
and 585 miles northwest of the juncture of the Santa Ana River and
Pacific Coast Highway.

Admixtures

8-14 A wide variety of admixtures are regularly used by ready-mix
concrete suppliers in southern California. These include all of the
following: air entraining agents, accelerators, retarders, water
reducers and high range water reducers. The relatively common methods
anticipated for construction of the strutures described above should not
require any specialty admixtures other than those recommended in the
section! Recommendations.
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Vater

8-15 Water of sufficient quantity and suitable quality for the
production of concrete will be available from local municipal water
systems.

Curing Compo nds

8-16 A wide variety of curing compounds are available for use from the
aggregate suppliers to the local ready-mix concrete industry. Curing
compounds will be specified in accordance with project requirements and
ASTM C-309.

Transit Mixed Concrete

8-17 Commercial ready mixed concrete plants are located within
competitive hauling distances of all sections of the Santa Ana River
downstream of Prado Dam. As of December, 1987 the approximate cost of a
cubic yard of concrete in the project area is $60.

Recommendations

A&GRGATES

8-18 Aggregates suitable for the production of concrete are produced at
the sources previously discussed. These sources are capable of
supplying sufficient amounts of aggregates to meet the needs of this
project. All aggregates used shall conform to the requirements of
ASTM C 33. Coarse aggregate gradations should be 1-1/2 x 3/4, 1 x No. 4
as described in CALTRANS specifications, or should be size No. 467,
No. 57, or No. 67 as described in ASTM C 33, as required by the
design/engineer. All aggregate used shall conform to the requirements
of ACI 350 and ASTM C 33 with the following limitations.

a. Soft particles: 2.0 percent.

b. Chert as a soft impurity (defined in Table 3 of ASTM C 33):
1.0 percent.

c. Total of soft particles and chert as a soft impurity:
2.0 percent.

d. Flat and elongated particles (long dimension more than 5 times
short dimension): 15 percent.

e. Maximum aggregate size shall not exceed 1-1/2 inches, except
where structural or other considerations require a difference.
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8-19 The following cements and requirements will be specified.

a. Cement would be Type II, low alkali (0.6 percent maximum),
conforming to the requirements of ASTM C-150.

b. Blended cements would conform to the requirements of ASTM C-595,
Type IP.

c. For applications in which high early strengths would be desired
due to construction scheduling, ASTM C-150, Type III cement
would be acceptable.

POZZOLANS

8-20 The only pozzolanic materials generally in use locally are type F
flyashes conforming to the requirements of ASTM C-618. Specifications
will call for flyashes conforming to the requirements of ASTM C-618,
Type F, with the loss in ignition limited to 6 percent.

AMIXTURES

8-21 Construction of the structures described above involve relatively
simple construction procedures. The necessity for sophisticated
admixtures is not anticipated. However, calcium chloride wil not be
permitted to be added for reinforced concrete because of the deleterious
effect it may create by accelerating the corrosion of the reinforcing
steel and concrete (ACI 201). The following types of admixtures will be
specified in all construction.

Air Entraining Admixtures

8-22 If air-entrained admixtures are used, they would conform to the
requirements of ASTM C-260.

Accelerating Admixtures

8-23 Accelerating admixtures will conform to the requirements of
ASTM C-494, Type C, except that no calcium chloride will be allowed in
reinforced concrete.

Retarding Admixtures

8-24 Retarding admixtures will conform to the requirements of
ASTM C-494, Type B or D.

Water Reducing Admixtures

8-25 Water reducing admixtures will conform to the requirements of
ASTM C-494, Type A or D.
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MUX PROPORTIONING

8-26 All materials used should be so proportioned as to produce a well
graded mixture of high density and maximum workability, with a specified
28-day compressive strength of 3500 psi (ACI 350), except where special
structural or other considerations require concrete of greater strength.
The water-cement ratio should be limited to .45 maximum (ACI 211), thus
producing a very dense and low permeable concrete. Slump in the range
of I to 3 inches is recommended for workability.
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Table 2. Lower Santa Ana River.

Major Significant Faults

Epicenter Max. Rookc

Fault Min. Dist. Magnitude Accel. (g)
Fault Length (mi) to Site (mi) MCEa MPEb MCE MPE

San Andreas 630 32 8.5. 8.25 0.25 0.25

Newport- 35+ 0 7.0 6.0 0.70 0.60
Irglewood

Whittier- 145 1 7.5 6.5 0.73 0.65
Elsinore

San Jacinto 145 27 7.5 7.2 0.20 0.18

Sierra Madre 60+ 18 7.0 6.0 0.25 0.15

Palos Verdes 40 11 7.0 5.5 0.35 0.15

a. MCE: Maximum Credible Earthquake, from Leeds (1979).
b. MPE: Maximum Probable Earthquake, from Leeds (1979).
e. Data in columns from Schnabel and Seed (1973) and Greensfelder
(1974).
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Table 3. Lower Santa Ana River.

Significant Earthquakes (Richter Magnitude 6+) Since 1900a

Min. Dist.
Probable Richter to site

Date Causative Fault Magnitude (mi)

9/20/1907 San Andreas C?) 6.0 42

5/15/1910 Elsinore C?) 6.0 21

10/23/1916 ? 6.0 96

4/21/1918 San Jacinto 6.8 41

7/23/1923 San Jacinto 6.3 33

3/11/1933 Newport-Inglewood 6.3 1

3/25/1937 San Jacinto 6.0 90

12/4/1948 Mission Creek 6.5 77

2/9/1971 San Fernando (Sierra Madre) 6.4 51

a. From Yerkes (1985) and Real and others (1978).
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Table 4. Lower Santa Ana River.

Channel Foundation Investigation Reports

Location Station
Title Prepared By Date Symbol reach

Geotechnical Evaluation Woodward-Clyde 1/6/78 WC78 20-133
of Proposed Improvements Consultants
of Santa Ana River Channel

Geotechnical Investi- Woodward-Clyde 1/17/77 WC77 50-190
gation Santa Ana River Consultants
Channel Improvements

Dike Stability Investi- Woodward-McNeill 6/15/73 WM73 220-470
gation Santa Ana River & Associates

Soils Investigation, Geolabs- 7/27/71 GC71 225-702
Santa Ana Interceptor Sewer California, Inc.

Soil Investigation, Santa Moore & Taber 5/31/78 MT78 558-701
Ana River Drop Structures

Santa Ana River Study Moore & Taber 3/19/64 MT64 605-1053

Foundation Investigation, Moore & Taber 4/3/68 MT68 638-686
Santa Ana River Structures

Foundation Investigation, W.A. Wahler & 7/24/69 WA69 708-854
Santa Ana River Levee Associates

Buttress Stabilization of Foundation 4/15/75 FE75 730-820
Burris Sand Pit Engineering Co.,

Inc.

Stability Investigation, Moore & Taber 5/13/66 MT66 737-796
Santa Ana River Levee

Preliminary Site Evalu- Woodward-McNeill 8/2/74 WM74 768-975
ation, Santa Ana R4 er & Associates
Spreading Basin Dev lopment

Soil Investigation, Santa Moore & Taber 10/29/70 MT70 846-1057
Ana River Channel

Soil Investigation, Southern 5/12/75 SCT75 910-1058
Santa Ana River California
Interceptor Sewer Testing Laboratory
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Table 4. (Continued)

Location Station
Title Prepared By Date Symbol Reach

Soil Investigation, Southern 9/10/75 SC75 1112-1216
Santa Ana River California
Interceptor Sewer Testing

Laboratory

Geotechnical Investi- Moore & Taber 3/12/80 MT80 1171-1196
gation Santa Ana River
Drop Structure Weir
Canyon Road

Foundation Investi- Geolabs- 5/24/72 GC72 1171-1215
gation & Analysis, California,
Santa Ana River Inc.
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Table 5. Lower Santa Ana River.

Bridge Foundation Investigation Reports

Location
Title Prepared By Date Symbol Station

Foundation Investigation, Orange County 3/31/76 OC76 82
Hamilton-Victoria Bridge
Across Santa Ana River

Foundation Investigation, Orange County 6/5/68 0C68 164
Adams Ave. Bridge Across
Santa Ana River

Foundation Investigation, Orange County 12/9/71 0C71 311
Slater-Segestrom Bridge
Across Santa Ana River

Foundation Investigation Orange County 12/15/75 OC75 421
McFadden Ave. Bridge Across
Santa Ana River

Foundation investigation, Orange County 8/20/75 0C75 513
Seventeenth Street Bridge
Across Santa Ana River

Soils Logs for Garden Orange County 10/71 0C71 575
Grove Blvd. Bridge Across
Santa Ana River

Foundation Investigation Moore & Taber 8/26/82 MT82 1202
Weir Canyon Rd. Bridge
Across Santa Ana River
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TABLE 6

LOWER SANTA ANA RIVER SUMMARY OF EXPLORATIONS

LOG WATER LOG
STATION NUMBER DEPTH EQUIPMNT DATE DEPTH PLATE SAMPLES

(ft.) (ft.)

REACH I
1207+OOR 0801 25.0 B.A. 10-31-84 8 F
1171+50R 0805 27.0 B.A. 10-26-84 8 L,F
1171+OOL 0806 30.0 B.A. 11-19-84 8 L,F
1171+OOC 0871 15.0 B.H. 11-19-84 5.0 8 I
1148+OOR 0901 40.5 B.A. 11-19-84 18.0 9 L,F
1148+OOL 0902 40.0 B.A. 11-16-84 9 L,F
1130+50R 0903 30.0 B.A. 10-29-84 15.0 9 L,F
1129+OOL 0904 26.0 B.A. 11-14-84 9 L,F
1115+OOR 0905 25.0 B.A. 11-20-84 18.0 9 L,F
1097+OOR 0906 40.0 B.A. 10-31-84 16.5 9 L,F
1097+OOL 0907 40.0 B.A. 11-14-84 9 L,F
1080+OOR 1001 30.0 B.A. 11-01-84 10 L,F
1080+OOL 1002 30.5 B.A. 11-13-84 10 L,F
1080+OOC 1071 11.5 B.H. 11-19-84 4.5 10 I
1062+OOC 1072 13.0 B.H. 11-20-84 5.0 10 I
1063+40R 1003 30.0 B.A. 10-29-84 16.0 10 L,F
1062+OOL 1004 30.0 B.A. 11-13-84 10 L,F

REACH II
UPPER
1046+OOC 1073 15.0 B.H. 11-20-84 10 I
1064+OOR 1005 30.0 B.A. 11-12-84 17.5 10 L,F
1046+0OL 1006 30.0 B.A. 11-12-84 10 L,F
1023+00R 1101 40.0 B.A. 10-30-84 21.0 11 L,F
1023+0OL 1102 39.0 B.A. 11-12-84 11 L,F
1007+OOC 1108 8.6 B.A. 11-15-84 11 I
1007+00R 1103 35.0 B.A. 11-02-84 11 L,F
1007+OOL 1104 35.0 B.A. 11-09-84 11 L,F
985+OOC 1109 7.0 B.A. 11-15-84 11 I
985+OOR 1105 35.0 B.A. 11-15-84 18.0 11 L,F
985+00L 1106 35.0 B.A. 11-07-84 11 L,F
970+00L 1107 39.0 B.A. 11-09-84 11 L,F
960+OOR 1201 30.0 B.A. 11-20-84 12 L,F
950+O0R 1202 35.0 B.A. 11-05-84 12 L,F
950+OOL 1203 35.0 B.A. 11-08-84 12 L,F
940+00L 1204 27.0 B.A. 11-08-84 22.0 12 L,F
930+OOL 1206 34.0 B.A. 11-07-84 12 L,F
920+OOR 1207 30.0 B.A. 11-23-84 22.5 12 L,F
910+OOL 1208 35.0 B.A. 11-14-84 16.5 12 L,F
900+OOR 1301 33.0 B.A. 11-08-84 17.4 13 L,F
895+OOL 1302 35.0 B.A. 11-14-84 16.5 13 L,F
885+00R 1303 35.0 B.A. 11-08-84 20.0 13 L,F
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TABLE 6 (Cont.)

LOWER SANTA ANA RIVER SUMMARY OF EXPLORATIONS

LOG WATER LOG
STATION NUMBER DEPTH EQUIPMNT DATE DEPTH PLATE SAMPLES

(ft.) (ft.)

REACH II
LOWER
875+00R 1304 38.5 B.A. 11-09-83 19.5 13 L,F
875+OOC 1309 21.0 B.A. 12-12-84 18.0 13 I
875+OOL 1305 45.0 B.A. 11-16-83 17.0 13 L,F
865+OOL 1306 35.0 B.A. 11-17-83 17.0 13 L,F
854+00C 1372 17.0 B.H. 11-23-84 13 I
854+00L 1307 24.0 B.A. 11-10-83 21.0 13 L,F
854+00R 1308 40.0 B.A. 11-17-83 21.0 13 L,F
840+OOR 1401 35.0 B.A. 11-23-83 14 L,F
830+OOL 1402 36.0 B.A. 12-19-84 14 L,F
820+OOR 1403 40.0 B.A. 11-23-83 14 L,F
820+OOL 1404 34.0 B.A. 11-19-83 14 L,F
810+OOR 1405 31.0 B.A. 11-25-83 14 L,F
800+OOL 1406 40.0 B.A. 11-21-83 14 L,F
789+OOC 1472 15.0 B.H. 11-23-84 14 I
789+OOR 1407 43.0 B.A. 11-28-83 14 L,F
789+0OL 1408 40.0 B.A. 11-22-83 29.0 14 L,F
780+OOL 1501 34.5 B.A. 11-30-84 15 L,F
771+OOR 1502 40.0 B.A. 11-28-83 20.0 15 L,F
771+00L 1503 40.0 B.A. 11-29-84 15 L,F
760+OOR 1504 35.0 B.A. 11-30-84 15 L,F
753+OOC 1572 15.0 B.H. 11-27-84 3.5 15 I
753+O0R 1505 40.0 B.A. 12-04-84 15 L,F
753+OOL 1506 40.0 B.A. 11-06-84 15 L,F
740+00L 1507 30.0 B.A. 11-27-84 15 L,F
730+OOL 1508 36.0 B.A. 11-27-84 15 L,F
719+OOC 1573 12.5 B.H. 11-27-84 15 I
719+OOR 1509 40.0 B.A. 11-05-84 15 L,F
719+OOL 1510 40.0 B.A. 11-26-84 15 L,F
710+OOL 1601 25.0 B.A. 12-04-84 16 L,F
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TABLE 6 (Cont.)

LOWER SANTA ANA RIVER SUMMARY OF EXPLORATIONS

LOG WATER LOG
STATION NUMBER DEPTH EQUIPMNT DATE DEPTH PLATE SAMPLES

(ft.) (ft.)

REACH III
699+OOC 1671 15.0 B.H. 11-29-84 16 I
699+OOR 1602 18.0 B.A. 08-17-83 16 L
699+OOL 1603 25.5 B.A. 08-17-83 16 L,F
690+OOL 1604 26.0 B.A. 08-16-83 18.0 16 L,F
680+OOL 1605 36.0 B.A. 08-12-83 16 L,F
665+00L 1606 30.0 B.A. 08-11-83 14.0 16 L,F
657+OOR 1607 36.0 B.A. 12-11-84 16 L,F
657+OOL 1608 30.0 B.A. 08-10-83 16 L,F
657+OOC 1672 15.0 B.H. 11-26-84 1.0 16 I
644+OOL 1701 30.0 B.A. 08-10-83 17 L,F
636+OOL 1702 40.0 B.A. 08-08-83 21.0 17 L,F
622+OOL 1703 31.0 B.A. 08-08-83 19.0 17 L,F
615+50R 1704 30.0 B.A. 08-11-83 29.5 17 L,F
615+OOC 1771 15.0 B.H. 11-29-84 17 I
614+OOL 1705 30.0 B.A. 08-05-83 17 L,F
601+50L 1706 27.0 B.A. 08-04-83 24.0 17 L,F
590+OOL 1707 35.0 B.A. 08-04-83 12.0 17 L,F
574+00L 1801 23.0 B.A. 08-03-83 18 F
572+OOR 1802 31.5 B.A. 08-01-83 27.0 18 L,F
561+OOR 1803 30.0 B.A. 08-01-83 18 L,F
561+OOL 1804 20.0 B.A. 08-02-83 16.0 18 L,F
559+OOL TH79-1 S 30.0 B.A. 10-01-79 27.5 18 F
553+O0R 1807 30.0 B.A. 07-29-83 24.0 18 L,F
548+50L 1805 27.5 B.A. 08-02-83 20.0 18 F
540+OOR 1806 30.0 B.A. 07-28-83 26.0 18 L,F
535+OOL 1811 26.0 B.A. 08-02-83 18 F
531+OOR 1808 30.0 B.A. 07-28-83 18 L,F
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TABLE 6 (Cont.)

LOWER SANTA ANA RIVER SUMMARY OF EXPLORATIONS

LOG WATER LOG
STATION NUMBER DEPTH EQUIPMNT DATE DEPTH PLATE SAMPLES

(ft.) (ft.)

REACH IV
524+50R 1809 30.0 B.A. 07-28-83 18 L,F
522+50L 1810 29.0 B.A. 07-27-83 18 L,F
518+OOC TT79-22 10.0 B.H. 07-13-79 19 I
518+00C 1981 5.0 B.H. 11-26-84 19 I

REACH V 19
UPPER 

19508+80L 1902 30.0 B.A. 07-26-83 17.5 19 L,F
497+OOC TT79-21 1.0 B.H. 07-13-79 19 I495+OOL 1903 31.0 B.A. 07-26-83 17.0 19 L,F
485+OOL 1904 29.0 B.A. 07-22-83 23.0 19 L,F477+50C TT79-20 1.0 B.H. 07-13-79 19 I477+OOC 1982 10.0 B.H. 12-04-84 19 I474+OOL 1906 31.5 B.A. 07-22-83 28.5 19 L,F
474+OOR 1905 30.0 B.A. 12-14-84 19 L,F
468+OOL 1907 31.5 B.A. 07-20-83 24.0 19 L,F
460+OOL 1908 31.5 B.A. 07-19-83 19 L,F458+OOC TT79-19 1.0 B.H. 07-12-79 19 I449+OOL 2001 31.5 B.A. 07-18-83 20 L,F
440+OOL 2002 31.5 B.A. 07-18-83 22.0 20 L,F437+50C TT79-18 1.0 B.H. 07-12-79 20 I
437+50C 2081 10.0 B.H. 12-04-84 20 I
430+OOL 2003 29.0 B.A. 07-07-83 20 L,F
420+OOR 2004 31.5 B.A. 07-19-83 20 L,F
419+OOL 2005 28.0 B.A. 07-07-83 20 L,F
418+OOC TT79-17 1.0 B.H. 07-12-79 20 I
410+00L 2006 28.0 B.A. 07-06-83 20 L,F
400+OOL 2007 30.0 B.A. 07-01-83 20 L,F395+OOC TT79-16 2.5 B.H. 07-11-79 20 I
395+OOC 2082 4.0 B.H. 12-14-84 20 I
390+OOL 2008 34.0 B.A. 06-30-83 20 L,F
380+OOL 2101 31.0 B.A. 06-24-83 21 L,F375+50C TT79-15 1.0 B.H. 07-11-79 21 I
370+OOR 2102 26.5 B.A. 06-23-83 21 L,F370+OOL 2103 31.0 B.A. 06-27-83 21 L,F
360+OOL 2104 31.0 B.A. 06-28-83 21 L,F
358+OOC TT79-14 2.0 B.H. 07-10-79 21 I
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TABLE 6 (Cont.)

LOWER SANTA ANA RIVER SUMMARY OF EXPLORATIONS

LOG WATER LOG
STATION NUMBER DEPTH EQUIPMNT DATE DEPTH PLATE SAMPLES

(ft.) (ft.)

REACH V
LOWER
350+00L 2105 31.0 B.A. 06-29-83 21 L,F
338+OOL 2106 31.0 B.A. 06-29-83 21 L,F
337+50C TT79-13 3.0 B.H. 07-10-79 21 I
330+OOL 2107 30.0 B.A. 12-13-83 21 L,F
320+00R 2201 30.0 B.A. 12-22-83 22 L,F
320+00L 2202 30.0 B.A. 12-17-84 22 L,F
317+00C TT79-12 3.5 B.H. 07-10-79 22 I
310+OOL 2203 30.0 B.A. 12-14-84 22 L,F
300+OOL 2204 31.5 B.A. 06-20-83 22 L,F
299+OOC TT79-11 4.0 B.H. 07-10-79 22 I
290+0OL 2205 30.0 B.A. 06-16-83 20.0 22 L,F
280+OOL 2206 30.0 B.A. 06-15-83 21.0 22 L,F
276+OOC TT79-10 4.0 B.H. 07-10-79 22 I
276+OOC 2282 3.0 B.H. 12-11-84 22 I
270+OOR 2207 28.5 B.A. 06-22-83 22 L,F
270+OOL 2208 30.0 B.A. 06-15-83 20.0 22 L,F
260+O0L 2209 31.0 B.A. 06-14-83 22 L,F
257+00C TT79-9 10.0 B.H. 07-10-79 23 I
246+OOR 2342 30.0 F.A. 03-23-83 16.5 23 L,F
238+OOL 2301 21.0 B.A. 12-06-84 23 F
237+OOC TT79-8 10.0 B.H. 07-09-79 23 I
236+OOR 2344 30.0 F.A. 03-23-83 19.0 23 L,F
227+50L 2303 9.5 B.A. 03-10-83 6.5 23 F
226+OOR 2346 30.0 F.A. 03-22-83 15.0 23 L,F
222+OOL 2305 10.5 B.A. 03-10-83 7.5 23 F
217+OOL 2307 29.0 B.A. 03-07-83 23.0 23 L,F
216+OOC TT79-7 10.0 B.H. 07-09-79 23 I
216+O0R 2348 30.0 F.A. 03-22-83 14.0 23 L,F
211+00L 2309 11.5 B.A. 03-07-83 6.5 23 F
206+OOR 2340 30.0 F.A. 03-22-83 19.0 23 L,F
200+OOL 2311 27.0 B.A. 02-28-83 24.0 23 L,F
199+OOC TT79-6 10.0 B.H. 07-09-79 23 I
196+O0R 2332 30.0 F.A. 03-18-83 23 L,F
190+0OL 2401 29.0 B.A. 02-28-83 23.0 24 L,F
185+OOR 2432 30.0 F.A. 03-16-83 18.0 24 L,F
182+30L 2403 10.0 B.A. 03-07-83 5.5 24 F
179+78L 2404 30.0 B.A. 02-25-83 24 L,F
177+50C TT79-5 10.0 B.H. 07-06-73 24 I
175+OOR 2435 30.0 F.A. 03-16-83 24 L,F
170+OOL 2406 26.0 B.A. 02-25-83 22.5 24 L,F
157+OOL 2407 21.0 B.A. 03-08-83 24 L,F
152+OOR 2438 30.0 F.A. 03-16-83 19.5 24 L,F
147+00L 2409 23.5 B.A. 03-08-83 18.5 24 L,F
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TABLE 6 (Cont.)

LOWER SANTA ANA RIVER SUMMARY OF EXPLORATIONS

LOG WATER LOG
STATION NUMBER DEPTH EQUIPMNT DATE DEPTH PLATE SAMPLES

(ft.) (ft.)

REACH VI
142+50R 2440 45.0 F.A. 03-23-83 19.0 24 L,F
140+OOC TT79-4 10.0 B.H. 07-06-79 24 I
138+50R 2433 45.0 F.A. 03-25-83 16.5 24 L,F
130+OOL 2531 45.0 F.A. 03-31-83 25.0 25 L,F
125+OOL 2532 35.0 F.A. 03-31-83 13.0 25 F
120+OOR 2533 45.0 F.A. 03-25-83 18.0 25 L,F
117+50C TT79-3 10.0 B.H. 07-06-79 25 I
117+50C TT79-2 4.0 B.H. 07-05-79 25 I
115+OOL 2534 35.0 F.A. 04-01-83 15.0 25 F
111+00L 2535 45.0 F.A. 03-10-83 21.0 25 L,F
110+OOR 2536 45.0 F.A. 03-25-83 22.0 25 L,F
105+OOL 2537 44.0 F.A. 03-30-83 26.0 25 L,F
100+OOR 2538 45.0 ?.A. 03-28-83 28.0 25 L,F
98+OOC 2581 10.0 B.H. 12-11-84 25 I
98+OOC TT79-1 10.0 B.H. 07-05-79 25 I
95+OOL 2539 35.0 F.4. 04-01-83 15.0 25 F
90+50L 2541 40.5 F.A. 03-29-83 20.0 25 L,F
90+OOR 2540 45.0 F.A. 03-28-83 25.0 25 L,F
86+OOL 2542 35.0 F.A. 03-29-83 20.0 25 F
81+OOL TH79-10 40.5 F.A. 08-07-79 14.5 25 F

REACH VII
76+72R 2543 50.0 F.A. 04-07-83 24.0 25 L,F
70+50L 2546 50.5 F.A. 04-08-83 11.0 25 F
67+50R TH79-9 28.0 F.A. 08-02-79 20.0 25 F
67+50L TH79-8 39.0 F.A. 08-02-79 9.0 25 F
60+OOR 2638 45.0 F.A. 04-07-83 17.5 26 L,F
57+50L TH79-7 39.0 F.A. 08-06-79 14.0 26 F
54+25L 2631 45.0 F.A. 04-12-83 11.0 26 L,F
50+OOC 2681 10.0 B.H. 12-13-84 26 I
48+OOR 2632 45.0 F.A. 04-06-83 17.0 26 L,F
47+OOL TH79-6 39.0 F.A. 08-07-79 13.0 26 F
38+50L TH79-5 38.0 F.A. 08-02-79 20.0 26 L,F
37+25L 2633 45.0 F.A. 04-11-83 10.9 26 F
30+OOR 2634 45.0 F.A. 04-04-83 20.0 26 L,F
27+50L TH79-4 39.0 F.A. 08-06-79 18.5 26 F
17+50L TH79-3 39.0 F.A. 08-08-79 10.6 26 F
17+OOR 2635 45.0 F.A. 04-04-83 15.0 26 L,F
13+OOR TH79-2 39.5 F.A. 08-01-79 10.5 26 F
12+OOL 2636 45.0 F.A. 04-11-83 10.0 26 F
10+OOR 2637 45.0 F.A. 04-05-83 11.0 26 F
6+OOL TH79-1 39.0 F.A. 08-01-79 12.0 26 F
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TABLE 8
LOWER SANTA ANA RIVER

COMPACTION TEST RESLT SUMMARY
(ASTM D 1557)

Mech. Analy.
X finer X ICompaction

Station Hole I Report Depth I Class :sand fine: LL 1 PI X
No. I Date I From To 1 1#4 #200 : 1 PCF Moist

910+00 1 IZ0 :3-26-84 : 13.0 15.0 :1W-SN 1 90 8 :NP 117.2 9.7
900+00 1301 13-19-84 1 10.0 12.5 ISP-S 89 6 : NP 119.5 10.5
895+00 1302 :4-9-84 29.0 35.0 ISC 100 31 61 I 28 120.8 11.8
885+00 1303 :3-15-84 9.0 18.0 :fi 88 1z !NP 127.0 7.5
875+00 1304 :4-5-84 1 3.0 15.0 :SP-Sf 87 7 :NP 116.9 11.0
875+00 1304 :4-12-84 28.0 34.0 ICL 100 69 35 : 18 IZI.9 12.3
875+00 1 1304 :4-12-84 35.5 Ism 1 66 20 ;NP 135.7 7.8
875+00 1305 :4-26-84 13.0 :SP-SN 1 99 6 MP I 111.8 14.1
875+00 1305 :4-29-84 : 27.0 :CH I 100 88 72 : 30 97.1 19.1
875+00 1305 :4-12-84 36.0 :ML 100 63 I :NP 130.3 8.9
820+00 1403 :3-29-84 ,22.0 CL 100 76 : 34 I 17 IZ5.2 10.2
820+00 1404 :4-5-84 25.5 ISC 64 22 I 30 10 133.5 7.0
800+00 1406 :4-5-84 38.0 40.0 :CL 100 85 33: 10 118.5 11.6
789+00 1407 :4-12-84 30.0 41.5 :SC 1 100 29 23 1 6 121.0 2.0
719+00 : 1510 Z-17-84 t 14.5 18.0 1fi 1 100 19 :NP 132.0 5.0
719+00 1510 12-17-84 1 Z.0 9.0 :SP-SM 1 93 8 I INP 115.1 7.7
710+00 1601 12-17-84 1 15.0 24.0 ISP 1 96 3 1 N 104.4 10.7
699+00 160Z :1-18-83 : 0.0 IZ.0 SC 75 23 1 21 1 8 134.8 5.7
690+00 1604 ,2-17-84 : 1.0 12.0 ;SF 1 94 4 1 IP 106.7 4.6
680+00 1605 Z :.4.0 29.0 16W-GM 55 10 I NP 134.0 7.3
646+00 17011 IZ.0 21.0 :fir 95 1Z INP 120.5 4.5
646+00 1701 :21.0 30.0 !CL 1100 70 49 1 25 117.0 13.5
62+00 1703 13-29-84 1 3.0 12.0 :SP 95 4 1 INP 111.1 13.8
614+00 1705 1 15.0 24.0 :CL 100 86 37 1 17 115.0 14.2
601+50 1 1706 1 17.0 27.0 ICL 1 100 78 42 120 114.0 15.5
590+00 ! 1707 :1-5-84 1.0 15.0 :CL 1 100 61 27 1 10 119.3 12.1
590+00 1 1707 ! 24.0 32.0 :CL 1 100 86 36 I 14 114.2 12.9
561+00 1 1803 :3-29-84 1 13.5 14.0 ICL 1 100 75 44 -Z2 117.0 12.6
561+00 1804 :3-19-84 8.0 13.0 ICL 1 100 73 34 13 1 119.3 11.5
561+00 1804 :3-19-84 16.0 18.0 :5r 100 37 IP 119.0 11.0
548+50 18051 1 12.0 18.0:CL 100 76 36 1 15 119.0 13.5
460+00 1808 1 3.0 15.0 :SW 1 89 4 :NP 1104.2 3.3
522+50 1 1810 ;1-12-84 2.5 6.0 :R 97 23 I INP 1 116.5 6.8
50e+80 1 1902 11-12-84 4.0 7.0 1i 99 14 !NIP 1 110.0 1Z.2
474+00 1906 :3-26-84 9.0 18.0 ISW 98 5 : NP 111.Z 12.5
474+00 190614-5-84 ZZ.0 30.0 :CL 100 80 33 1 10 119.3 11.0
468+00 1 1907 13-19-84 1 6.0 12.0 :SM 100 32 :IP 119.0 12.0
468+00 1 19071 1 18.0 25.0 :SW 1 95 4 INP 110.0 7.0
460+00 1908 11-12-84 1 3.0 12.0 1fiR 100 13 :IP 1 115.0 10.0
460+00 19061 : 24.0 30.0 :ML 100 94 37 1 1Z 1107.0 19.0
420+00 2004 :3-26-84 1 0.0 :fiR 97 1Z INP 1 119.8 9.0
420+00 1 2004 1 1 16.0 18.0 1CH 100 54 53 1 28 118.0 11.5
390+00 2008 11-8-84 1 0.0 15.0 1fiR 99 13 INP 111.5 12.9
390+00 2008 13-29-841 26.0 IL 100 82 361 101 112.7 13.2
390+00 2008 :3-26-841 33.0 IL 100 66 1 1 117.5 12.2
370+00 2101 :4-9-84 1 26.5 IS 1 100 23 1 INP 1 123.9 7.9
.50+00 1 2105 4-9-84 128.0 29.0 ICL :100 541 30 1 13 125.8 9.2
350+00 2105 13-26-84 25.0 28.0 :11 1 98 43 1 INP 121.8 11.2 1
330+00 2107 :3-26-84 0.0 3.0 :S-SNI 1 94 9 1 INP 1 118.2 10.4 1
310+00 2203 13-26-84 12.0 15.0 1614 96 20 1 P 1 123.2 9.2
270+0 2207 14-9-84 25.0 28.0 :CL 100 59 1 44 1 Z2 117.9 9.9
260+00 2209 :1-11-84 9.0 'Im 99 47 N1 IP 112.8 8.0
260+00 2209 11-23-841 13.0 :1W-SC 100 101 43 120 120.8 11.8
Z60+00 2209 11-18-84 1 29.0 :CH 100 87 60 1 34 110.0 17.0
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TABLE 9

LOWER SANTA ANA RIVER
SUMMUARY GRADATION AT RIVER

GRAIN SIZE IN

MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA ANA RIVER 3.0 1.5 3/4 3/8 A4 010 016 #40 #100 #200 D10 D50 085 015

REACH-i

Right Embankment UL 100 100 99 97 94 90 82 55 33 25 0.00 0.36 1.52 0.00

Composite Smmry UQ 100 98 94 89 87 81 72 35 17 13 0.02 0.73 3.90 0.11
AVG 99 94 90 86 82 75 66 36 17 11 0.06 0.77 8.18 0.13
LQ 100 92 88 83 78 71 61 29 11 7 0.13 0.92 13.51 0.21

LL 95 89 81 77 72 66 57 27 6 3 0.20 1.01 28.50 0.26

Right Embankment UL 100 100 100 100 99 97 95 89 80 71 0.00 0.00 0.30 0.00

Frequency Summary U 100 100 98 96 92 86 77 45 20 11 0.07 0.54 1.91 0.11
AVG 99 94 90 86 82 75 66 36 17 11
LQ 100 93 85 81 75 67 57 26 7 4 0.19 1.02 19.05 0.26

LL 84 45 42 38 34 31 27 9 2 1 0.46 42.98 77.18 0.68

Left Embankment UL 100 100 100 100 100 98 96 86 62 42 0.00 0.10 0.41 0.00
Frequency Summary UQ 100 100 97 94 90 85 75 42 21 12 0.06 0.61 2.00 0.10

AVG 99 95 90 86 79 74 66 36 15 10

LQ 100 92 85 81 73 68 60 28 9 5 0.16 0.95 19.05 0.23
LL 81 81 69 65 8 7 5 4 3 1 4.93 8.27 76.20 5.35

Foundation UL 100 100 100 100 100 98 97 90 90 81 0.00 0.00 0.11 0.00
Frequency Summary UQ 100 100 98 96 92 86 75 42 25 16 0.00 0.61 1.93 0.07

AVG 99 94 89 83 77 68 59 33 19 15
LQ 100 93 86 77 68 57 43 17 6 4. 0.25 1.60 17.99 0.37

LL 67 45 42 37 31 23 16 4 1 1 0.31 46.76 1.13

Invert UL 100 100 100 99 98 95 86 76 68 37 0.00 0.00 0.39 0.00
Frequency Sumery 10 100 100 95 89 80 71 55 18 3 2 0.28 1.09 7.41 0.37

AVG 96 92 88 82 75 63 49 14 3 2

LQ 94 89 85 74 69 59 42 8 1 0 0.47 1.57 19.05 0.58
LL 70 6463 61 584 2 27 4 0 0 0.62 3.38 0.79

NOTE

UL = UPPER LIMITS

U : UPPER QUARTILE
AVG = MEAN (AVERAGE)
LQ z LOWER QUARTILE
LL z LOWER LIMITS

T9.1
| "



TABLE 9

LOWER SANTA ANA RIVER
SUMMARY GRADATION AT RIVER

GRAIN SIZE IN

MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA ANA RIVER 3.0 1.5 3/4 3/8 #4 #10 #16 #40 #100 #200 D10 D50 D85 D15

REACH-2
(ABOVE STA.880)

Embank ent UL 100 100 100 100 100 100 99 96 89 84 0.00 0.00 0.09 0.00
Frequency Summary UQ 100 100 99 98 95 91 84 56 26 16 0.00 0.37 1.31 0.07

AVG 100 99 96 93 90 85 78 48 23 14

LQ 100100 95 92 88 82 74 38 14 8 0.10 0.68 3.38 0.16
LL 79 65 60 57 53 " 38 11 4 2 0.38 3.84 92.53 0.53

Embankment UL 100 100 98 97 95 92 86 62 44 34 0.00 0.24 1.15 0.00

COeposite Sumary UIC 100 100 98 95 92 86 80 54 27 15 0.00 0.38 1.89 0.07
AVG 100 99 96 93 90 85 784 8 23 14 0.04 0.47 2.14 0.09
LQ 100 97 94 91 87 83 75 44 17 11 0.05 0.57 3.30 0.13
LL 96 95 93 89 83 77 67 34 11 6 0.14 0.80 6.41 0.20

Foundation UL 100 100 100 100 100 100 99 96 88 75 0.00 0.00 0.13 0.00
Frequency Sulmary UQ 100 100 100 98 96 91 85 51 23 15 0.00 0.41 1.19 0.07

AVG 99 97 94 90 86 79 71 41 22 16

LQ 100 96 92 87 82 69 58 25 8 4 0.18 1.00 7.62 0.26

LL 74 65 51 40 31 23 17 8 1 0 0.59 18.18 1.02

Invert UL 100 100 98 91 79 62 43 19 7 4 0.22 1.49 7.14 0.33
Frequency Summary UG 100 100 95 85 72 54 41 17 4 3 0.27 1.75 9.53 0.38

AVG 94 91 82 74 64 50 38 12 3 2

LO 100 81 71 63 55 46 38 9 2 1 0.45 3.23 76.20 0.58
LL 74 69 62 54 47 39 30 8 1 0 0.49 6.80 0.67

NOTE
UL = UPPER LIMITS

U1 = UPPER QUARTILE

AVG = MEAN (AVERAGE)

LQ a LOWER QUARTILE
LL - LOWER LIMITS
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TABLE 9

LOWER SANTA AMA RIVER
SUIMMARY GRADATION AT RIVER

GRAIN SIZE IN

MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LONER SANTA AMA RIVER 3.0 1.5 3/4 3/8 #4 #10 #16 40 #100 #200 010 050 085 015

REACH-2
(BELOW STA.880)

Eu nkment UL 100 100 100 100 100 100 99 96 89 71 0.00 0.00 0.13 0.00
Frequency Summary UQ 100 100 100 99 97 93 85 52 19 12 0.05 0.40 1.19 0.11

AVG 100 99 97 95 92 87 78 46 19 12
LQ 100 100 97 94 90 84 73 37 9 4 0.16 0.70 2.46 0.21
LL 80 75 69 63 49 40 32 6 0 0 0.54 5.10 0.69

Embankment UL 100 100 100 100 99 96 90 63 43 34 0.00 0.25 1.04 0.00
Composite Summary 110 100 100 99 98 96 91 83 51 20 13 0.04 0.41 1.42 0.09

AVG 100 99 97 95 92 87 78 46 19 12 0.05 0.52 1.83 0.11
LQ 100 99 95 92 88 83 74 37 10 5 0.14 0.69 3.15 0.20
LL 98 92 89 82 73 64 50 13 1 0 0.35 1.19 13.61 0.46

Foundation UL 100 100 100 100 100 100 100 99 96 92 0.00 0.00 0.00 0.00

Frequency Summary UQ 100 100 100 100 99 97 93 73 48 31 0.00 0.17 0.88 0.00
AVG 100 98 95 91 87 83 76 51 29 22
LQ 100 98 95 91 85 76 66 31 8 4 0.17 0.84 4.76 0.23
LL 76 70 56 44 33 26 22 8 1 0 0.53 14.29 0.81

Invert UL 100 100 100 100 100 99 97 90 85 84 0.00 0.00 0.15 0.00
Frequency Summary U10 100 100 100 99 9T 92 82 37 2 5 0.13 0.64 1.43 0.18

AVG 100 98 95 92 87 81 72 35 13 8
L1 100 97 91 89 84 76 64 21 2 1 0.26 0.94 5.71 0.33
LL 87 80 75 60 48 42 33 6 0 0 0 53 5.55 65.31 0.68

NOTE
UL = UPPER LIMITS
UIQ = UPPER QUARTILE

AVG = MEAN (AVERAGE)
LO = LOWER QUARTILE
LL = LOWER LIMITS
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TABLE 9

LOWER SANTA ANA RIVER
SUSI4ARY GRADATION AT RIVER

GRAIN SIZE IN

MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA AMA RIVER 3.0 1.5 3/4 3/8 #4 #10 #16 #40 #100 #200 010 050 D85 D15

REACH-3
Embankment UL 100 100 100 100 100 100 100 99 93 90 0.00 0.00 0.00 0.00

Frequency Summary UQ 100 100 100 100 99 98 91 74 42 31 1 0.00 0.22 0.92 0.00
AVG 100 99 99 98 96 93 77 58 29 21
I 100 100 99 98 96 91 67 41 9 4 0.16 0.69 1.80 0.20
LL 99 78 66 62 54 43 35 19 1 0 0.28 3.76 50.80 0.36

Embankment UL 100 100 100 100 100 97 94 92 77 64 0.00 0.00 0.30 0.00
Composite Summary U0 100 100 100 99 98 96 87 62 25 18 0.00 0.33 1.14 0.04

AVG 100 99 99 98 96 93 77 58 29 21 0.00 0.35 1.61 0.01
LQ 100 99 99 98 96 92 71 47 13 8 0.10 0.53 1.73 0.16
LL 100 95 91 89 85 78 62 32 1 0 0.23 0.88 4.62 0.27

Foundation UL 100 100 100 100 100 100 100 100 99 99 0.00 0.15 0.15 0.00
Frequency Summary UQ 100 100 100 100 100 99 98 98 91 80 0.00 0.00 0.11 0.00

AVG 100 99 98 97 95 93 88 79 62 51
LO 100 100 100 94 98 95 81 58 29 12 0.07 0.35 1.42 0.09
LL 95 82 64 48 35 26 20 14 1 0 0.34 10.72 46.89 0.55

Invert UL 100 100 100 100 100 99 99 98 96 94 0.00 0.00 0.00 0.00
Frequency Summary UQ 100 100 100 100 100 98 97 87 68 51 0.00 0.07 0.39 0.00

AVG 99 99 98 97 96 92 87 56 33 27
LQ 100100 99 97 95 88 81 30 3 2 0.22 0.72 1.65 0.27
LL 95 92 89 79 69 55 40 6 0 0 0.51 1.73 15.24 0.62

NOTE
UL : UPPER LIMITS
UQ a UPPER QUARTILE
AVG = MEAN (AVERAGE)
LQ = LOWER QUARTILE
LL z LOUER LIMITS

(
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TABLE 9

LOWER SANTA ANA RIVER
SUMARY GRADATION AT RIVER

GRAIN SIZE IN
MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA ANA RIVER 3.0 1.5 3/4 3/8 #4 #10 #16 #40 #100 #200 D10 D50 D85 015

REACH-4
Emnslent UL 100 100 100 100 100 100 100 99 93 90 0.00 0.00 0.00 0.00

Frequency Summary UG 100 100 100 100 100 100 99 96 78 58 0.00 0.04 0.25 0.00

AVG 100 100 99 98 97 95 93 79 49 34
LO 100 100 100 99 98 95 91 66 23 10 0.07 0.32 1.01 0.10
LL 100 94 88 81 70 53 42 20 6 3 0.23 1.78 14.97 0.32

Embankment UL 100 100 100 100 100 100 100 98 87 68 0.00 0.00 0.14 0.00
Composite Summary UG 100 100 100 99 99 97 94 83 55 39 0.00 0.12 0.54 0.00

AVG 100 100 99 98 97 95 93 79 49 34 0.00 0.16 0.74 0.00
LQ 100 100 99 98 96 94 91 73 31 21 0.00 0.27 0.93 0.04

LL 100 99 96 93 90 86 79 52 21 8 0.09 0.40 1.88 0.12

Foundation UL 100 100 100 100 100 100 100 100 99 99 0.00 0.15 0.15 0.00
Frequency Summary UQ 100 100 100 100 100 100 100 98 92 82 0.00 0.00 0.10 0.00

AVG 100 100 100 100 100 98 98 94 80 68
LQ 100 100 100 100 100 98 98 93 73 57 0.00 0.04 0.31 0.00

LL 100 91 91 83 71 63 56 41 19 10 0.07 0.88 11.91 0.12

Invert UL 100 100 100 100 100 100 99 96 76 43 0.00 0.09 0.27 0.00
Frequency Summary UG 100 100 100 100 100 94 92 62 14 9 0.09 0.35 1.01 0.15

AVG 100 100 100 99 98 94 91 67 25 15
LQ 100 100 100 100 100 94 92 62 12 9 0.10 0.35 1.01 0.17
LL 100 100 98 95 92 87 80 51 12 4 0.13 0.41 1.77 0.17

NOTE

UL = UPPER LIMITS

UQ = UPPER QUARTILE
AVG = MEAN (AVERAGE)

L = LONER QUARTILE
LL = LOWER LIMITS

)
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TABLE 9

LOWER SANTA AMA RIVER
SUUIARY GRADATION AT RIVER

GRAIN SIZE IN
MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA ANA RIVER 3.0 1.5 3/4 3/8 #4 #10 #16 #40 #100 #200 D10 DSO D85 015

REACH-5
(ABOVE STA.350)

Embenkment UL 100 100 00 0 100 99 98 93 60 36 0.00 0.12 0.36 0.00
Composite Summry UQ 100 100 100 99 99 97 94 75 39 21 0.00 0.23 0.81 0.05

AVG 100 100 99 99 98 95 90 70 34 18 0.00 0.27 1.00 0.06
LQ 100 100 99 98 97 94 89 67 27 14 0.05 0.31 1.05 0.08
LL 100 99 96 96 94 91 69 47 16 7 0.10 0.51 1.79 0.14

Foundation UL 100 100 100 100 100 100 100 100 100 100 0.00 0.15 0.15 0.00
Frequency Summry UQ 100 100 100 100 100 100 99 97 87 71 0.00 0.00 0.14 0.00

AVG 100 100 99 99 96 96 93 77 50 38
LO 100 100 100 100 99 97 92 57 14 7 0.11 0.38 1.04 0.16
LL 100 80 64 63 41 40 37 14 1 0 0.34 6.71 47.63 0.45

Invert UL 100 100 100 100 100 99 98 96 89 81 0.00 0.00 0.11 0.00
Frequency Sumary UO 100 100 100 99 98 98 96 89 811 0.00 0.00 0.11 0.00

AVG 100 100 99 "8 95 89 84 57 35 31
LO 100 100 99 98 95 82 70 33 2 1 0.22 0.77 2.64 0.26
LL 100 96 87 73 64 56 50 14 1 0 0.34 1.19 17.69 0.44

REACH-5

(BELOW STA.350)
Embnkment UL 100 100 100 100 100 100 99 93 69 44 0.00 0.09 0.33 0.00

Composite Smmary UQ 100 100 100 100 99 "8 97 85 52 30 0.00 0.14 0.45 0.00
AVG 100 100 100 9 99 97 95 76 41 24 0.00 0.22 0.79 0.04
LO 100 100 99 99 98 9 91 61 25 13 0.06 0.34 1.04 0.09
LL 100 99 97 95 89 71 53 17 1 1 0.30 1.13 4.15 0.39

Foundation UL 100 100 100 100 100 100 100 100 99 96 0.00 0.00 0.00 0.00
Frequency Summnry UQ 100 100 100 100 100 100 100 98 89 66 0.00 0.02 0.14 0.00

AVG 100 100 100 100 99 99 98 88 63 44
LO 100 100 100 100 99 98 88 42 16 0.00 0.20 0.40 0.07
LL 100 93 89 83 79 71 53 17 1 1 0.30 1.13 12.70 0.39

Invert UL 100 100 100 100 100 100 100 99 95 93 0.00 0.00 0.00 0.00
Frequency Summary UQ 100 100 100 100 100 100 99 92 48 16 0.00 0.16 0.38 0.07

AVG 100 100 99 98 97 94 90 66 28 15
LO 100 100 99 97 94 89 81 43 7 2 0.17 0.56 1.60 0.21
LL 100 93 91 90O88 71 53 17 1 1 0.30 1.13 4.27 0.39

NOTE
UL = UPPER LIMITS
U.Q = UPPER QUARTILE

AVG = MEAN (AVERAGE)
L a LOSER QUARTILE
LL a LOWER LIMITS
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TABLE 9

LOWER SANTA ANA RIVER
SUMARY GRADATION AT RIVER

GRAIN SIZE IN
MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA ANA RIVER 3,0 1.5 3/4 3/8 # #10 #16 #40 #100 #200 010 050 085 015

REACH-6
Embarkment UL 100 100 100 100 100 100 100 98 95 84 0.00 0.00 0.08 0.00

Composite Summary UQ 100 100 100 100 100 100 99 94 75 62 0.00 0.01 0.29 0.00
AVG 100 100 100 100 100 99 99 90 63 " 0.00 0.10 0.37 0.00
LQ 100 100 100 100 100 99 98 87 59 40 0.00 0.11 0.40 0.00
LL 100 100 100100 99 99 97 83 46 26 0.00 0.18 0.55 0.04

Foundation UL 100 100 100 100 100 100 100 100 99 99 1 000 0.15 0.15 0.00
Frequency Summary UQ 100 100 100 100 100 100 100 99 95 83 0.00 0.00 0.09 0.00

AVG 100 100 100 100 100 98 97 95 74 51
LQ 100 100 100 100 100 99 98 95 65 16 0.00 0.13 0.33 0.07
LL 100 100 100 95 87 711 73 58 6 1 0.17 0.38 4.15 0.20

REACH-7
Eaxlument UL 100 100 100 100 100 100 100 100 97 88 1 0.00 0.00 0.05 0.00

Composite Sumu~y UQ 100 100 100 100 100 1100 99 98 80 55 0.00 0.06 0.22 0.00
AVG 100 100 100 99 99 98 97 89 61 42 0.00 0.11 0.38 0.00
LQ 100 100100 99 98 97 95 89 44 22 0.00 0.19 0.40 0.05
LL 100 100 99 98 97 94 92 62 4 1 0.18 0.36 1.02 0.20

Foundation UL 100 100 100 100 100 100 100 100 99 98 0.00 0.00 0.00 0.00
Frequency Summery U0 100 100 100 100 100 100 100 96 63 10 0.07 0.13 0.32 0.08

AVG 100 100 100 100 99 97 95 83 37 12
LQ 100 100 100 100 99 97 93 78 16 3 0.11 0.30 0.78 0.14
LL 100 100 97 91 83 77 67 24 3 1 0.24 0.89 5.95 0.30

NOTE
UL = UPPER LIMITS
UQ z UPPER QUARTILE

AVG = MEAN (AVERAGE)
LQ = LOWER QUARTILE
LL = LOWER LIMITS
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TABLE 9

LOWER SANTA ANA RIVER
SUMMARY GRADATION AT RIVER

GRAIN SIZE IN
MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA ANA RIVER 3.0 1.5 3/4 3/8 94 #10 #16 040 0100 #200 010 D50 085 D15

DROP STRUCTURE FOUNDATION
FREQUENCY SIUMARIES

STA.875.40 UL 100 100 100 100 100 99 97 92 83 81 0.00 0.00 0.21 0.00
UQ 100 100 99 98 97 90 81 45 21 15 0.00 0.53 1.55 0.07
AVG 99 97 94 90 86 79 70 42 22 16
LQ 100 96 94 90 85 74 65 29 12 7 0.12 0.87 4.76 0.20
LL 87 80 75 60 48 42 33 13 1 0 0.35 5.55 65.31 0.50

STA .1023+50 UL 100 100 100 100 100 99 98 92 88 75 0.00 0.00 0.13 0.00
UG 100 100 100 100 99 98 95 86 67 55 0.00 0.04 0.41 0.00
AVG 99 94 90 87 84 81 75 55 38 30

La 100 94 77 71 63 57 50 25 9 6 0.17 1.19 28.01 0.25
LL 84 65 51 40 31 23 17 9 5 3 0.52 18.18 78.21 1.00

STA. 1098+50 UL 100 100 100 99 98 95 92 84 82 81 0.00 0.00 0.52 0.00
U 100 100 9% 9692 84 76 27 13 10 0.07 0.78 2.35 0.19
AVG 99 94 89 83 72 64 54 28 18 15
LQ 100 94 86 81 67 54 41 16 5 3 0.27 1.75 17.15 0.40
LL 90 55 43 37 8 7 5 4 3 2 5.09 30.16 70.76 5.91

STA. 1148+60 UL 100 100 98 97 96 92 87 68 44 39 0.00 0.22 1.11 0.00
UG 100 100 97 93 85 80 65 32 20 6 0.10 0.84 4.76 0.12
AVG 97 93 88 82 74 " 52 25 12 9
LQ 100 93 88 78 67 57 34 14 5 3 0.30 1.75 16.19 0.46
LL 67 59 50 44 40 34 26 6 2 1 0.57 19.05 0.77

NOTE
UL a UPPER LIMITS
UQ 2 UPPER QUARTILE
AVG z MEAN (AVERAGE)
LO a LOllER QUARTILE
LL a LOllER LIMITS

(
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TABLE 9

LOWER SANTA AMA RIVER
SUMMARY GRADATION AT RIVER

GRAIN SIZE IN
MECHANICAL ANALYSIS (PERCENT FINER) SIEVE SIZE MILLIMETERS

LOWER SANTA ANA RIVER 3.0 1.5 3/4 3/8 04 10 #16 140 #100 1200 010 050 085 015

[NVERT SORROW COMPOSITE
SUIMARIES
STA. 1207 TO 1075 UL 100 100 99 95 90 78 57 18 4 3 0.27 1.05 3.61 0.36

5FT.DEPTH U. 100 99 95 88 81 70 55 17 3 2 0.28 1.08 7.51 0.38
AVG 100 97 92 84 74 60 43 11 3 1 0.38 1.52 10.65 0.51
La 100 93 88 77 68 55 41 8 1 1 0.47 1.70 16.79 0.59
LL 87 80 73 70 66 51 38 6 1 0 0.52 1.94 65.31 0.64

STA. 509 TO 398 UL 100 100 100 100 100 100 99 98 82 61 0.00 0.04 0.20 0.00
7FT.DEPTH UQ 100 100 100 100 98 94 86 52 12 9 0.11 0.41 1.17 0.17

AVG 100 100 99 98 95 89 84 60 35 26 0.00 0.31 1.34 0.00
LQ 100 99 98 92 88 82 74 29 2 1 0.23 0.77 3.20 0.28
LL 100 96 87 73 64 56 50 14 1 0 0.34 1.19 17.69 0."

STA. 393 TO 356 UL 100 100 100 100 100 99 95 38 2 1 0.21 0.53 1.05 0.25
5FT.DEPTH UO 100 100 100 100 99 98 93 37 1 1 0.21 0.60 1.08 0.25

AVG 100 100 100 99 98 95 89 37 2 0 0.21 0.61 1.13 0.25
LQ 100 100 10099 97 95 89 34 1 0 0.22 0.64 1.13 0.26
LL 100 100 10099 97 93 87 33 1 0 0.23 0.66 1.16 0.27

STA. 354 TO 261 UL 100 100 100 99 96 92 88 60 26 15 0.00 0.34 1.10 0.07
7FT.DEPTH UQ 100 100 99 98 95 92 87 56 14 6 0.11 0.38 1.15 0.15

AVG 100 99 98 97 94 89 81 44 11 6 0.13 0.54 1.58 0.18
L' 100 99 97 96 94 89 78 34 6 3 0.18 0.71 1.72 0.23

LL 100 97 96 95 91 80 67 27 5 2 0.22 0.86 3.25 0.28

STA.219 TO 215 UL 100 100 99 99 99 98 96 86 60 40 0.00 0.11 0.41 0.00
13FT.DEPTH U 100 100 99 98 97 96 95 85 59 40 0.00 0.11 0.45 0.00

AVG 100 99 97 96 95 94 93 83 59 39 0.00 0.12 0.60 0.00
LQ 100 99 97 95 94 93 92 82 58 38 0.00 0.12 0.66 0.00
LL 100 99 96 94 92 92 90 80 57 37 0.00 0.12 0.78 0.00

STA. 132 TO 91 UL 100 100 100 100 100 100 99 92 69 55 0.00 0.05 0.34 0.00
8FT.DEPTH UQ 100 100 100 100 100 100 99 90 61 50 0.00 0.07 0.37 0.00

AVG 100 100 100 100 100 99 98 86 53 44 0.00 0.13 0.41 0.00
LO 100 100 100 100 99 99 97 81 41 37 0.00 0.21 0.62 0.00
LL 100 100 100 100 99 97 95 79 8 2 0.16 0.31 0.69 0.17

STA. 77 TO 13 UL 100 100 100 100 100 100 100 100 100 99 0.00 0.00 0.00 0.00
1OFT.DEPTH LQ 100 100 100 100 100 100 100 100 90 74 0.00 0.02 0.13 0.00

AVG 100 100 100 100 100 100 99 96 74 57 0.01 0.06 0.23 0.02
LQ 100 100 100 100100 100 98 93 57 35 0.03 0.13 0.27 0.04
LL 100 100 100 100 99 97 95 89 46 13 0.07 0.16 0.03 0.08

NOTE
UL a UPPER LIMITS
UL a UPPER ART ILE
AVG a MEAN (AVERAGE)

LO u LOWER QUITILE
LL a LOWER LIMITS
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Table 11. Lower Santa Ana River.

Composite Gradation of Proposed Disposal Beach

Range Percent Finer - Passing Sieve Number
Station 4 7 10 14 18 25 35 45 60 80 100 120 170 200

107+84 97 93 92 90 87 84 79 72 62 56 54 48 28 19

117 83 100 100 100 100 99 97 89 77 65 59 58 50 29 15

127+84 100 100 100 95 94 90 83 73 62 58 57 48 25 12

137+84 100 99 99 98 95 91 79 66 51 42 40 35 22 9

147+84 100 100 100 100 99 97 91 81 68 57 53 46 28 11

157+84 100 100 100 99 98 97 90 81 70 61 60 55 33 15

167+85 100 100 100 100 99 97 91 81 66 58 56 50 32 16

177+86 100 100 100 99 98 96 90 82 68 58 54 48 30 14

187+84 100 100 100 99 96 89 75 61 45 31 27 20 10 3

197+87 100 99 98 96 93 88 80 68 56 50 47 39 19 9

207+87 100 100 100 98 97 95 88 77 59 42 36 30 17 7

217+87 100 100 100 99 98 95 89 79 65 55 49 38 19 8

227+87 100 98 98 96 94 90 83 73 61 52 49 40 21 10

237+87 100 100 100 99 97 93 85 75 69 58 54 44 22 11

247+87 100 100 99 98 95 90 78 65 54 44 40 30 15 7

267+88 100 100 100 100 99 95 83 65 48 40 38 31 15 8

307+88 100 100 100 99 98 95 84 66 45 36 33 23 10 6

367+85 100 100 100 99 99 97 89 75 63 47 39 28 14 8

T 11.1



Table 11. (Continued)

Range Percent Finer - Passing Sieve Number
Station 4 7 10 14 18 25 35 45 60 80 100 120 170 200

477+12 100 100 99 99 97 94 85 74 67 60 57 47 30 18

547+84 100 100 100 100 99 98 93 86 78 64 58 45 30 18

649+31 100 100 100 100 100 98 94 86 72 54 51 43 37 29

750+94 100 100 100 100 100 100 100 96 86 TO 59 44 24 17

840+44 100 100 100 98 96 89 79 68 58 56 42 15 10 9

899+53 100 100 100 99 98 94 85 71 54 41 37 24 8 6

)
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PHASEZ GMB)RAL DESIGN J~ASRANDU

IN , NA f LOGS OF INVESTIGATION
4- '1~ Bmy2 BY OTHERS

STA-1030+00 TO STA.965+0O
~ITPU WYDATE U

SZAFr IT PAYS PL.AJE10



VALUE ENGINEERING

NJT 70- 2@

y~jxTWRINGI" TST WRING LOG

ffo ot to -df0 SAND .11 l-t a--600

L 5* 94 N 6.5

4t Z ~ SA I

MT 64 -16 MbT6
4 

-17

25e 
252 20

2.52

24r, 25,cr,

"25

t0 . O05,0;6058650000 -d40
5

5

0505 0660 00, 0620060&. .0' 25' 05

65X 0 ~4800 '.,.o 00

O'* ~ ~ ~ ~ ~ ~ ~ ~ S FT PAY! 000 ~0.,o ,oOho 0.S



r

LUE ENGINEERING PAYS

MT 70-29
fflflnpg mrnQ~g M.,.,,'4,.Gen T TO-30 ,.... ..,,,

TEST "Igose Mfg moiw & -gg 4. ,,1....... t oft. 16 . 9 TEST @Oftiml Io"
5 "*,s Os roof ELEVTI" 26 S 29P Aoiy E 2W10.3 * 30

IL -efA e''i . GiV AS w ,th sti0 eS coars SAND0 6 d e ,e P.RAVEL
1A .- - ,7 .5 1 s.e.O cs SAo . -it' GA2

I DrosB SANOD :L'

I~4 1.4~e 3+ "a d 3cattcook' S
'A5 .t' 00, ,.4S fIn G _leds V 1,, GRAVEL

2fSntsEl com usGRD IlL

I- vIE S

MT64 -18

r . I. SEE PLATE FOR TEST SITE LOCATIONS.

~~~~~0'2 4 NC5FR IT FREOT

FROM WHICH THESE LOGS WERE TAKEN ALL LEGE NDS
Ih- s A4t -1.. e AND EXPLANATIONS ARE CONTAINED WITHIN THE REPORTS

I _L LOGS BY OTHERS ARE ONLY TO BE USED TO

c~~rI~sbe ~ ~ r' ... . . .''"~ -[, ' ... ...... V. s 'A ' E PL T .. OR TET SIE LO AIO S
Ao....VOOf.Oore ilktoe DETERMINE THE GENERAL SOIL PROFILE

( ........... o ..........V.iI
.. .. ' CV ... ....s. .sbo s

21 ICv

As.i -1-- r63.5 0 ,v,.! 'I

lo ICC so n,,, sooght LO .G

-li .VonC - -L-r l5' , -n*t,r~

S -5O RL'IVNto02J0

-- LOGS OF INVESTIGATION

BY OTHERS

STA,1030+O0 TO STA.965+00

SAr% rFETY PAYS sAoroo. 2Ir

S~ oATE ok.



VALUE ENGINEERING PA'

no

250

*~240

2 to_________

210

20 0 w 115 150 130 9m5

PROFILE

HOW SCALE 200o 0FEET0

V'ERT SCALE FE0ET2 2

Il.

SAFETY PAYS
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gag0



VALUE ENGINEERING PA

TH84 - 1201T 8-10

01-1201 3088895MAE.E TN 84-1202 S0 SO L. 2w00

95015 106 ME LL PI -4 -295 N DE033009PTH LOS RC tIL P1 A -200 N DEWRlPTIO

SANI/SITY SAM: 560... LOOSE, FINE 80*00 S*95. ANS SNID/SILT3 SW53 IN000. MIST1. 605 TO

56/SR 90 95 8 A00LTO I 300.a35FETOTOR

3.0 ___________398

SIr 9 0 SM WM~ CUJSS OF Rb 3,MST, COHESIVSILT SRO,30.21

RE.LA 0 -0FET-26

2 In SILTY $A"0: GARY. MI1ST, FINE ISAJN 095 AM, 04 01SA r 
WS

4.n

SAW5~100SILlY 0000 , 6 MI.5ST. FIRE6108800SAM,3. M09 OF 96 12 SM[ 1/2 v SLIGHT COHESION AT RG.NIC5.
00*95.2 0 IAI TO r-112 [NOES. A TO 1:2 IF, R__rs__AT____FEET

12.0 
12.0 0 950 1 5 SK:Mo, FIE3.0 800A00003

09SLT5ED:3.. IT FN jm m 5 I01'. OF 
SILTY SAW0 GREY, MI0ST, SLIGHT COHES56

CL0 M3.00 WX3934. 30.9 FA llT1- ET.RFSLA 16.0,. sm 9 o /] 1a is 50030 AT 12.5 FEET.

m8 o 95 73 IS. n_ _ _ _ _ _

?7R051 
GRAELY 3/PSILlY 560001LT $951 N00,

95*95110 1003/SILTY 95800115 SAND: fk8.TOCN5, 8*007-SN/ITYSM 
RON IT.PMTT

AT 19.0 M0T. 508* SAT 09 3 O C 18/2 00 0 0 0 0.. COBBES TO9 INCHES. 510375 9

UATES CO9.0 64MT. SAMo CqM TO 0395, 9500SA. 100)/SSl 10P 8600 6,50 To810
19o FETT FEET1 W.E TO LARGE0 COBBLES.

GRAVE1LL0 SAND0 COARSE GR EII13*0 .

16 A 0 = AGAIA. ACovALES. YER AT 2. .5
SS 75 4 950AT 21.5 FEET. 08330 AT 21 TTME

it 500095 GRA013*0 SO. FEIN G0000, TO 2 IN00E3. S 1 4 R M OI; 'R)LA T1

w5 90 S 2.

29/-j9 1000/ILTY SAN: IRCN 10 - I375 3750

% 3 7 30 72 W SILTS $1. 50w, 393.CIESO, FIN33010S0,3W"9503960.IIH 
SND

33035 22. 5 - is GRANE Sm, 00000390 AT30 031 5 FT

33.0_

SP 00 2 P1 00 SAND: sT00950 5655. 'El -

TH 8 4 - 1204

TH94-1204 110 9WI1 LaE. 2SIt

TEPT4 L0 ME LI. -1 A0 -29D N $03C830t30

NP 'A112 1/SILTY SUB1: TAN, TAN TO MIST. LOOSE, F1RE0081000

Sp NP 9 S 301

SANISLT SM DRIPI 0.G COHEION PER SAR00 09530.

6 00005 To 3/4 i.DES.

00 93 11

SM~. l95,3 0AM SAM6 009 AT 14.5 MST-

'WSA 8 1AR0/513.10 SAND: PAON. MIST. FEW 00005. T02 INCHES.

0/8 9 9 91 12 35 CO ES to56 NES. 00304 AT 16.-n FEE tO To Mi E L7

___________________ ________________________ 2 SEE PLATE

To 69 35 T2- /2" Cm-OS To 1.. 3 SEE TABLE1

SAN:0 LRG 1*600100.98 DIFF030.T DR33.0.3395 Am15 AT 22.0'. 
TYPE OF E(

A ALL TEST I,

58/ICTHE LEVEE
3IN THE CHAI

LEVEE

SAFETY PAYS
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1ALUE ENGINEERING PAYS

TH 84- 1202 -H41203
STA 95D0099 R" El 2w T -1203 If ' SA 9S0"5 L

EL. 0005LL P. I .4 -200 N Ots9309mWT LOS Or L. pf -4 -200

lI 99I UIE9 99 i
9

I~s. I %~ 13wf IF ".0

Z19 99 31 i

GAF. TO 4/ N"s. CMING AT 8.0 ORCMOMMO

3 RIP 9 12 UK:1 SM9. 5.161 C04ES99, MhIC SELL. NO4459954.__ _ _ _ _ _ _ T IT f2 tcA, Rmm95 AT 9.5 FET 99/sR V 0 R6 to SW RI.. COARSE GRAINS9 SAM, FEW GAML 99O 3NDE

199 90 1o 058 94094. FINE GRAIES GM -NOIT WSL, D M ... EM MM

SILT' SW 12sRTOHM' SL5001 O 880. URGNII. WILL

29 Cos GPMIEI 0541 SSNmt 990EL CmO*S. To945 95 IN

IkT 13 ; 1%T' 95 M LRG LWS.

94990..' 
GRAIN S'0*55 GRlLIE "tE 3 IND" Rm'%R, -T m ~

I OM l R"99 541 0'NS. "'MI A. 215 -S 91 m DI ,2 mm 0mn HN75 4 N559! l' T ? Ic RE r 21lSL T?.5 FEE1 05 1M WM-

13 ((".F 71 0 1"S.

NP/O 99 0IN(44

'Apj~~~~945 -L-9I , " I "SM.FN

______ _____ ____S 
C A L E, I IN - 3F.

(Iv"~~~~~~~~ 
S99 <I4S' 919 .905I ISSO.19

Zr~~~~~~~~- 0 0 1 110 41 9.1 1 0 '

3 ~ ~ ~ ~ ~ ~ ~ 15 SEEE~ TASL 0 FO INAT. DRILLED 001 EXAAE A90U.LARYWGNM DSIC

SEEE 
LOGS60 OF 

110 LCAIOA F ES SLE AIES

CORPSOFCINNEES



VALUE ENGINEERING P

TH84- 1205

SII'-I305 STA 929M IT EL. 241t!Tq1

DT LOG AC ILL PI - -200 4 ftscRITTIIT.T

SANDs/SILro SlIML WM MITV. LOSE. GTWEL MO I .

SW/Il6 86 1

3.n
0 SILTy SANFI ftn.. MITV. FEW GRUOL MO 7 WES. ,

r 92 19
30

30

30SW:* WATOR AT 12 Tr . 1519 40 AT IT.1,-'

SILTY SUT roy TO U . MI2ST. -GOT50510*0,'s
sr. - 33 1s II AA MI mO U. SU T TO 1lCT1ES

SM'S/SILT SUIT. NXTILOUUD, fT. ClOT TO TB~
s'M , FSS SUCTE,0 LO -i/?,,* s, 5 OU,,.:ME0 SO

GR WTLIT SW9 RXTICO.CS0. 41. C.ASFt S.AlI~E *5

30.0

19

iIs

b I0



ALUE ENIERN AYS

TH84- 1206

THM-1206 STA 930.00 7. FL. 2"13

WTH 1OG IF LL Pl -4 -20D

1010ELL CLAYEY SM ONIn MOSC. ST,7 COD 3XIIWO
SAC. T&L0MH MOI IXAOD sR. 2-1/7 tRUES. W~

6SU CUCE 70 m..,oRNWr SM TO 12 PS
AT 2 FEET. 3 INCA SIL7Y/C.AYVI CUESIA CJllS.

27 111 RS 20

CLAYEY SA119 SwR As mic.
79

SC 7s 2 11 26 oX

WAMELLY CLAYEY SIO ; SaR As AW. HIMIM DOW.

MCLL.M.C

?b 10 2 79 is

MITY SRICIAYFY SRll. TAC MU MIST. tOOT)' IWA,
S,.705 0)057tH. co" I. AND SAM. FEW 701500M M5 9t
Pothw ARRXI. Cowes IT,5 loDES. ORGAR'C SNELL. 51071
CiAIf AT 13. YET7

31055 27 7 90 4?

SWEl FEA 05171. 73 lOOS, CMIS.ES TM 9 'toES.

P"IE7L CLAYEY 9 S O At. MIST. 0 lOO S )1A,

,l'E~2 PG? f aive1 m'1C. w0~AO.A C f.S.

Sc 29 9 8; 37

I3 jt 31 T, SILT
1

CLAV7 CLLIOT.

70AW7.LL T3.3T SA'tS: StOP MIST, MEV7)7 7005. hOT

CIW M 1 ACvtI Oa IORS SIA14I SAW!. "'MM,0 TO

292a

CLAYEY SmUT' FREY SAC. M=017 w' at 00E75 C
7

7-

710L7 UlILIM DE M0 ROMERS.

SC 27 1 31 3s

SCALE 1 103F

NOTES-

I SeE PLATE -2 poR L.OCATION OF TEST HOLES AND TEST REVISION$

TRENCHES U. S. ARMY B40O~ 05111

2 SEE PL.ATE SA FOR LEGEND AND CLASSIFICATION SYSTEM L5 OG A41

3 SIC TAIE 6 FOR DATE DRILLED OR EXCAVATES AND UDRSAT AAIVE METs OFALI"Go"

TYPE or EQUIPMENT USED Ph EEA EINMMACI

4 ALL TEST HOLES AND TRENCHES WERE SET LOP ON LOGS OF INVESTGATKON

THE LEVEE CREST UNL.ESS OTHERWISE NOTES AS" 'INVENT' III,

IN THE CHANNEL AND 'EXISTING eROunD' ON SACK SIDE Of CORqPS OF ENGIEERS
LEVEE

STA.930+00 TO STA.g29.-00



VALUE ENGINEERING P

TH584-1207

1111-113 STA 9294It EL. 24ft T7e-120

JE1M L06 LL 111 -4 -20D N 30E4lPTIONMT

Qt54UY SAMLrv GRGGUY SAND: Ift. ., Isr.o iw
T 06 A1mE mm Sml. 04Loo To 11/0 mm4.

SNWSILTY SolD: Sam. suC~m 3

2RSNIE: Ram&s ml 7.0 FVET On To IALU.

q.00

SAWO 174.9 mom, misT. 47.0 GAIM SMl. 44 W
To I 47

12.0 -_________________

SILTY SARI): GmY. MIST, tIGJT COmV qW* STO1k

SM .0 95 09 SAID.

15.0 ________________________

SMD/SILTT SIND: GIIY. MIST, 77'0 (Otkl0 S1l. W- 6 75

III, q2s 9 IA 0NLE .Itlk T16.0 FSET-

SJME: MOIST TOVIT Fr. 47.005 3opA 527 S l. 444
W3. To I I0*

36

SNIE lts. AT 22.0 Far?. nMTE Ar 22.5 -00T. IS-.

230 60 AT n2.5 FEET.

GRAYIE710 SIMI, MtITICO.0005 CT? /600 617 75
COWI 0549*6094 SAW). V40. TV I*0*06. 5 0664

18
60



LUE ENGINEERING PAYS

TH183-1208
T1111-1201 STA 910.8 L EL. 243t

DEPH L06 41C LL Il -4 -281 N 14]no

S4 2 2 NW/ILTY SIItI b. m ~.
IF.6 1 23 SM.___COMES___m_12 __________DOM' ___MOO

w 98 S7 11 SOT ILT': T44wmm. MIST. LOSE "Ile G3±11 S..

SILTY 5812D T1-.. MOST±. LOOSE, MEF)1± 4±0,UM S.

59 5' 9 16 i

19
SND/SILTY SAND: TWO..o MOST IM AISM±.

SAU 4ET EDU 10 ±01O 4 i.0 SM4.

Olp 9s 10 25

1± 18s 5 59545U. SAMSTY GKIIILLY %mr, 588±. 41, 41211

.06. MAKE 51±1.514 SW'0 MOEDMTTA 11.5 FEE"T.

5' 85 6 13

SUTDsIILrY SAIM: 588±, wE'. '00114 DEMISE 25883 -_I1

12

21 SILTY SM' A. -61, ±02±943 .0fl14 w, ±0os
04±1.0 S;.-

SCALE I ST

I ( SEE 81 PLTEO FOR LOCA1'lON Of TEST HIOLES ANTES 151 I

2 SE PLATE &A FOR LE4(14 AND CLASSIFICATION SYSTEM U. AMYv at4ba mllucT

3 SEE TA~II S FOR DATE CAuILLED OR EXCAVATED A£1LS40DE

T~~~fIwa OSANTASY *55 ANA RIVER MAINSENf CALFO.0I

4 AL. 1EST HOLES AND TRENCHES WERE SET UP 014 P94K 2 GENERAL DESKIN ORMORNDO54

THE1 LEVEE CREST UNLESS OTHER-NOTED021 AS 1911

fi ll E CHANNE0L ANMEX(OSTIN IROUNOW SN SACK IDE OF Pf LOGS OF INVESTIGATIONS

CORPS OF ENGINEMR

STA.920+00 TO STA.g 10+00



VAUE ENG IN EE R IN G

WM74 WIA74-6

LotsS OP UMACI

TYPO or DROLL Rog .d.A .k .S 00 4471 *"cc flEA. O 4 OF N*Affs I-~ FawnsPO 30'. Tvpf of Onk I's 47 ROLE A 96T f

rilltiiij l_. S'l'. bSS Inv3 AIA 04s

Pill,~~~~~ L- -di- I-. &w b-CA- " w-m

14 It Z.- NaSA

V~tIASA Sn S-A.Os SIN (T-) AAA SA1."mA

WK9 OA.IngA wam7 of ILLIN S T 557 IN LOSA

V~~~ryl *A7AA4&TS Z26Ah- 37.1 CLAY (

34 31AAAARI 5774 A on

WM4-



VALUE ENGINEERING PAYS

wM74-6 LGODoeaWM74 7

5 'A ~ .. ana OpoL: . I51g wl 0260?~ OF sa,,WEA -W,5NN l..u 1050.S OYP OFP MN .1. 2 jI~to 14 001.0 9479V~ MI10 08 o NME PL2

We""? ff. 405.6-LUL 14UM 301-Y 5050..

'"AMITE Ad 4.00. 't%" of 5010 1511I

AOI 4...,.,f ELEIATNI daAAea 155 20 3-O)*

itm (SE-U-)-W -I A

AND,~I (0) 4 41 13 S

4 12 122 5

50r5~~I . 1,0 0 5

0 12 InI u

2.,-.. 1.15 * 62% f0.,

MT7O-io MT70-11

TEST BORING'LOG TEST OWING LOG

ELE,,. IN j IK I E ro I"N

__ IINOTE S
-~~~~ ______I. SEE PLATE 12 FOR TEST SITE LOCATIONS.

2. SEE TABLES 4 AND 5 FOR LIST OF REPORTS
_____________________FROM WHICH THESE LOGS WERE TAKEN ALL LEGENDS

- ~ ~ ~ ~ ~ .. .___ ,,, , AND EXPLANOATIONS ARE CONTAINED WITHIN THE REPORTS.

I .. .o .> ~* .3. LOGS BY OTHERS ARE ONLY TO BE USED TO
~, ,,. .,~,.DETERM.INE THE GENERAL SOIL PROFILE

7 i=-'* wrI0 0. .

I~~~~~O AN..ARYWOM IiE

c~afi OF iO#s

5'SANTA ANA lERdAITO U4I
PHASE It GN1RAL DESIGN IDMRANDUA

I 60w usLOWS OF INVESTIGATION

BY OTHERS
oem IASTA.965+00 TOD STA.905+00

Date I- -- . amrn



VALUE ENGINEERING PA

MT70-I2 MT70-13

TEST BORING LOG TEST BORING LOG

SP Loose t- ,e to c- SAO D o

thin 9""]e lay- 
",--

341 SO L.. r -- ray lay-,t fie ilLT 5-'3or L ''t100't

So 5_ ct b n fi,. to -Co,,, 2AIOD 341 1

fL' t , 'a Soij st 3a"4. t o fl 4e SACI DS 00 40 P~

M I -f .. ....

SO .ro00,ttt00,e-,~flo t1  i 5

" '
.

4r .r . . . .

. -. I.--l1.

* '*' Ofo ...... '

MT 70- MTT 0 -17

TEST BONGL TEST BONING LOG

II .'. . . .t

i1 "i LA.



kLUE ENGINEERING PAYS

M T 7 0 - 1 4M T 7 0 -1 5

TEST IeAix Los n~r1~
S~~~MT~fl 3 £cvrof :*r "IG TEST "nRine LOG

- ~ ~ ~ ~ ~ o to 4-1 %A,:R 4,,t feARV

to so ~ 8 440- to lo-t 3x4o-

SCK7te'd f; tCA VE

- ~ ~ 5RIE So5o- o r,% 3. J.

I '05'3'oc--. '2.s.

____ I A tA'OtO43 DIV.203

- 30Cr$4 - r 23>.21 3. ''' t2 e'- .

'I ~ ~ ~ ~ ~ ~ S R-"'~ * 'eS2 E_____________
,,*~~~~~~~ , _____ ,e-tt. 543

I L

El .'"-e ~ ac ft.-,sooo.

J _____

77'-e'o't

. SE FLT 2 FPTETST OAIN

25 SEE TABLES., 4 NIORLS F EOT

FRO WHC THS LOGS WEETKNAL EED
---- D *EAe N ARECONTAIEDWITHINHEREPORT

*. S. Ab AIIIII lC
LO AN11

Fop OFbi~

*~o S E ALS 4 ANTA AN RIO E L AIST OFREP OPYS

AND EPLANTI ASE ONTIINERD SIN THERPORTS

I LOGS ~~BY OTHERS AEOL OB SDT

STA965+00 TO STAg905+00

A0110I I. w NatS



VALUE ENGINEERING P1

TES W"Ie LO TnR~r. 4o'.6-'~

450W~~ 23.t1EaYiOM 241 12

S-i'~ flt. to loam'. Sk,0 *'tlSAITL i'..50

cols. 3844(L 5! Sp 1L .t

GRAMC

.! .. ... .....

MT64-13 MT64-14

xto tott-fO .0

23C f)1 -'< - 01 000,

-2..

2C51

a stooo

f'-. -0 too t .- .ooo

0d tot~t~' Ooot .t

~~ bt 01 co

S~~' 3 0.

~ ~ O3 00 Z



LUE ENGINEERING PAYS

I1n 4i 5'J /:.. .. ,,103 6MT70-19.

TEST BOR ING LOs minw "
TEST SOmeNS LOg

[ t il i~, ; ........ ............... . . .......... ..t.........t y e'lO* 206 t~~. ;L SOW~ t

- S- , MO' :e-e . LT

2. .o I EL

I,'ol t 1 tee .O L S

001 I *, aS alt.,100$2212

"-:? 0 .0 t . . .... ..

1I E A O ASTL0 S L

c ~ ~ ~ ~ ~ ~ ~ ~ N TE:RN T GNRLOLPRFE

... . . . . . . . . . . . . . . . . . . .

. FO OF SINESTOCATION

I. SEE TALES 42 AOR S SFOE LOCTIOOTS
FROM WHICH THESE LOGS WERE TAKEN ALL LEGENDS

- ~ ,aoooo.AND EXPLANATIONS ARE CONTAINED WITHIN THE REPORTS

LOGS BY OTHERS ARE ONLY TO BE USED 10
TDETERMINE THE GENERAL SOIL PROFILE

-mo SAT AN IVR*ANTE.CAIORI

-00~~= 
I..t I0 

t5.1



_______________________VALUE 
ENGINEERING PAY

250

240

230 
$TOP 

OF EXIS' IEvE

it IOFEX INVFRT

220

200

*~ PRROFIfLER

.088 0e c 27 0

VERT SCAL.E FEET

I--

LE

- .- V

~Is

2

I



VALUE ENGINEERING PAYS

J ] 250

240

TOP OP ESI LEVES 

3

- - - ---
- - - -- - t

SPROPOSED INVERT 
I

o 20 00

TEAT0 MAUL "0~ E

VER SCAL 0 10 20? 30PE

., p-S

0-1111 '*TI- RIVER .Q-

- -DATUM IS ATIONAL GEODETIC VERTICA 6 QA8U y! 12&2

RIVISIONS

.. AMY AGOMdl 00111C0
WOS AIOf

AMMINIMSANTA ANA RIVER MAINSTEM. CALIFORNIA

NOTES: PASE U GENIERAL DESIGN MEMORAINOUM

1SEE PLATE S FOR LEGEND AND GENRAL NOTES. ~ PLAN AND) PR~OFILE

2. SEE SSEQUENT PL ATES IN THE PLATE NUMBER

_________SERIES FOR LOGS OF 01STIGATONS.a STA.905+OO TO STA845.OO



VALUE ENGINEERINC

TrH84-I301 TH64 -1302

THR16 ST 9D00 A EL Ml~ T%4132 Sri 895- LaE. 233

3667 Los M uK l Pi -4 -2m0 A k636..118 DEPTO L%6 [ Lt. PI - -20046ER
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III go 3 r~ItIHC ATstw'E. 33 Sao,. ME~iS. FEET5 8.

SAME: DOM INO. COMS ORA- SAND FIN, GRAEL TO

SW/8 N 91) a- a 1/2 INCH IF/4IA 2.0FEET. V,____ 6_ 19_

SAME: Ft. Awn86i To1-1/2 iCms. fpw8. a S-0 FEAT. SAME T.-onam.

w 360 :

6.0 SAK MEI DME
SILTY Wi8710 MON M. 3835.,C SMAIM SOD34. 188

88 w____ 93 1 68 GIlb TO2 INCH, W34a. aT .5 FEET ME lb NOOK

S ILTY GRAVELLY SAND: Ow 48 40 AMET. mom31 GRAM
0 86 3 16 2986 T lI~ i -1. 0

SILTY SW.8: 6.31. MOIST, COOSA S4AIE. SAO,3 338F //i*'1

36/56 86 88 16 3883/SILTY SOI: A,. MOIST. COMME GNMMM SR. FI8

i'in 486 5 2

SILTY 5883: 6M, MIST, DEMSE C~S qmED 'Off) 'E"

ep6 To 1 '1MM'a mLm14. ET

2 3R ARR: lilT. it17.5 w,0 AoMw imot 17.S FEET. KSfi 1 U WEI. -ilb3 AT 15.S

VV36 
__AP_1 

N 3

SW: LOOS-

86 93 13 v 93 12 S

21.3__ s __________ ZL~--- __

Slim8 88 SAND TO48 U IMCES. _ES...-~ ______

24.2 2 ______________________ SILTY 3SAND T8-ma.. .81

tILTY ND 3880, 4.. 6/IT C884338. Fe0 ON& lb

27.0 10 ag 33 4 W"& AT 26.0 FEET TO 010___

SAPDfSILTY WD:3 L1IH TO. 3Iil CONISTON. COARSE~.Ji.J ~S.iT7. ~l 0

SP'8 3 1 9 2?7 to a
100 w3 100 ?S A SAME: CREEP W/ LEMS 7 PIM__

SAW: 7,&8SAM4.Tl 3 ICES. PAM COMS lb 4 338.85.

686s lb 97 i STA 3. EE ATO 3E. 1633> GPM. -IE lb MM

w6 100 S9



A VALUE EGNEIGPY

TH64 -1302 TH84-1303

STA $%5.-W L a 2%t8 TR1303 ST 885-00 EL.. 2338

K ILL PI 4 -200 4 OSEP.IO T3 106 "I L. 8l -4 -2 N 8282818511

SAPI)ISILTY Sw: IT(] MIST DOM. 13885 GRIC E 8889581 W 8 5 1MW/ILTY Sr.3 T ;. ny : To, I..
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U ~ *05 o *l1~ 0.0.1FROM WHICH THESE LOGS WERE TAKEN ALL LEGENDS

AND XPLNAT)N3ARE CONTAINED WITHIN THE REPORTS
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0 31203 SAW:' 'IG.. 8444 021. SLIGHT Coe954. HI4 23 63 13 1oo 84

49 CA:q 11,. TC IN .1 20 25 5 I 72 SW43 SOLTIV fli95) bpL
93  

MI4.9ST. 144-t09'5145

so 12.n ______________

13.0 [L 75 55 11 100 57 NM CLAY: BROWN, MIT, ___GHTL _ _olem

0W So 4 I-04 a39 23 54 09 23 SILTY 59990t BftwGA&. MIST, mo-c14E84.

15.0 _______________________

SK31 33 a 100 62 SAND0Y SILT: 4904.. MIST, COESMS.

52 29 33 9090n 92 SM:60a

'Sw I.-44 ..

90 JAY3 Q4"T491 -- f 39 33 3190 92 S:FV

II 5L
5

o T419" SW'' ±51 91oo' qI 810 44.0 3 I 6 SILT: 940.-337.

TH483- 1804

DEP31 LT IC aL - -4 -2M0 m E.IA1

gy, 1 .19,1 99044. SW.N ±18± 544 AHI,. p6075
0 ~ ~ ~ ~ ~ ~ ~ .589 1 .0) IQ3 99. '11 0X 4h.00 I9l~ 1± 94

13 41 21 IM0 RS 18 SANDY 0.4 A 40.: 945)IS. S4,-., oHIN , FIN, GG4M3.

TH183- 1803 C K A IH N IH O ES

49 2 IS too12 90 T

bw -212 N

F"0 AIF S-OI~U SILTY 21.9!' Po". Hols, MHct slwIt9156 $4

31 09 31 122r SM9

AIll' -- To 96n- 904 STI, 34TT±

72

SCALE I W.3FT

II '" 4'~- ''. .1441.0455)1. NVISIONS
U. S. ARMY SHO44W 59539rr

LOS ANOMIJO

~~~~ ---- -I'.414 49. I 533 PLATE3 IS F0R LOCA01094 0F TEST HOLES AN13 TEST SANTAS JANA44 3933909490904.411904194U

- ' '' tS~'9513 .5.45. 49155 " 2 555 PLATE5 IA F0R LEGEND 4940 CLASSIFICATiON SYM'M 4''LOGS OF VIVESTIGATIONS
45 ~ ~~'T70g5T '~~C s, 509951±9 3 SEE TASLE 6 3OR OATS DRILLED 04 EXCAVATED ANODSO EG'ER
*W 'v' COP OFSS ±954' .sGc -TP O O9PE9O4493

4 411 TEST H0LES 440 TRENCHES WER9SE SET 1UP ON STA.574+O0 TO STA.553+00
TWEI EC CREST UNLESS 0099944.98 40750E AS I9ET



VALUE ENGINEERING I

TH83-1805 TH83- 1806

T293-1804 STA 9,'GO L El.. lof9t TW3-1805 ST 5OW R EL- IO1

18PTH LOG ?K LL 9I -4 -200 N DE91 DPTh LOG M LL I -4 -2M8 N s or

SE'! SILTSANDY OCLAY: %00.. MIST, FINE TO NEDR
PUGO 14 29 7 10 1 59mm 59m FT C M 5'IAL 7 4 IF 98 14 SILTY S: Ll T sma. MIST. 1Co

' P 29 54 30 100 85 SNI59G(AY: momV MST.14. m msic p ? 14 IM 6 12 SEY SILT: 1 , MlST. 5.IGfvL

SBIS 1LAY: ! me., MqIST, s.IG'y MASTIC. , SILTY SMI: Li-P . MIST.
WS: LI. , MIST. FIE GRAI SM. 8

1? 31 12 100 '3 (L ?1 15 Im 70 OT IT .-9~ST. P!V, ISAY-

18 45 29 S 9 12 C'Y: G4--spaf1 MIST. Sm1 TEsVm. 1. 4 r 97 11 31 VYIL SM':I" SPi sno

17 37 1910 2 SM(DlAY: GRE -Il, MIOST, Sl4TYM COHESIE. 
0. 2? 40 559 fil PE VI.-

SILT SMM 'so s . MIST. SI.uo..

23 32 10 100 69 FL 24 46 12 100 86 SILTY: D5 I4 , M IoST, cI EStE.

Z. )z 9 u 5 9 S 2 100 77 SN"S O-AT I-s ino-t' MS, al.c

SC 17 25 8 15 M 8 ClAY iA : S E aw,. MIST, caesrvE. 12

'.7 4 1 ?U 2 159 79
181 1 U' 2 18 I~lSKI! . WET, WE GR L 1INCH.

10. 22.

28 v' to59 so ~ Sl o. l11541CPEI.10 GRMED iq 100 49 SILTY SO,: %9Y I. W.81.v~

25.0 SIM 2 29 2 93 11 19 SIIISILTY SAlID &MN. Wr 9 S r. Ws . WT. Cu SIW..

S21 81 ion 34 SILTY SM: IM OW,1 WT. FINE G"lNO SRE. t2US N 53 21 100
22 n r 109 40 SKIS &".

'102 42 15 100 78 SNIT CLAY: 254 -so.. . c

NOT! S

4



ALUE ENGINEERING PAYS

TH83-1806 TH83-i8i i

STA 54DK A EL. 196 TH3-1811 STA 535.55L EL.12

tL Pi - 23m 4 D2RcIITc SF03 Los 'K LL P -52 4 DEscIpno

SIL SEV' LIGHT WKMN. MIST, NCWESI. 1a 91a I to SILTY SM:D AcmM. 3lSY. GACAIV.IDIU G,,AIME

98 14 38I/m6 wto I 6SANWSILTY SAM. Slf, MAIST, MEM3,M SPAVIR, SV V

12 2RTy I., 3V.R. MAIST, V.VASIL, CoNEStW. 4.

41 14 iSF 59 2 3 S~.0S.CS V*NSE

n"' 16V 100.- T. ISSTCES SA*F~ SnRgt 1/7 T"VS 11APFEV..

0. -? W9 SA3 27N. V.3*340* 554 
SAMCLY:N____IS,_______CH

45 2? IND 61 ~~~t
153" T V, f 3*0*c. MIS33. 23.V3V33t 00*3300 i, *31. 

SAEGE13XH c~

wHH JA'MA vis,. cam5130.

46 12 10036 Al L I-0 1 so.vST. 10*330. 2 W 5133

SN? 23' IM# MVo.~o'IST. coesiw CL____ SAM RP.

1213

:2 log 
3 13to 55

Q3 I? A3 I'33 '

37 34 17 110 AS rLAT WTlQ.* ~ . COMESIVE.

- 43 21 i32 33 '3 I? 132 AS 10

S V2 V, 121 '3 Sw /1' I- 53337-3*0* 14T. 00*5100. FLASTV.

SCALE. IVN R3FT

NOTES RVV AIONS

1 EE PLATE IS FOR LOCATION OF TEST MOLES AND TEST U. . ARMY smaOE 50353C
TRENCVES LOS ANGOSS

2 EE PLATE $A FOR LEEND AND CLASSIFICATONA SYSYEm om.m OF SAT NARVNMAPI orCLNAmsA

3 SEE TAIKE 4 FOR DATE DRILLED 0R EXCAVATED AND PASE 1 GENERAL DESIGN WEMDAPOU
a TYPE OF EOU3PMENT USED
F 4 ALL TEST HOLES AND TRENCHES WERE SET UP ON W IN CSOF INVESTIGATIONS

THE LEVEE CREST UNLESS OTPER3*3sE NOTED AS 'INVERT- COPPS OF ENGIIEERS,
1N THE CHVANNEL AND oEV.STINO GROUND' Oft RACE SIDE or

LEVE CODS mSTA.548s-50 TO STA.535+0
iiA l D ATE 6

APIN01M w"CT C.U No.A...



VALUE ENGINEERING_

TH63-1808 H83-809

TH113-KIn S35 53-M At 8I. 1051 H310 STA 52ft. A EL. 103t

DETH L06 K~ LL PI -4 -200 N DIsmimomI DTIPI LO MC L, 91 _4 -200 N4 DElowlm.
9 is SAND:, TAN. DAY TO MI0ST, PEDIKi 9 fAI EV. SO NWILTY SAND; P400.. MIST. CONNUS I

Om SN f 8MW. 
5 w 95 23 39

3 98 40 25 - -E F3 EM~lD

.0 In SILT SANU 5 FW IBM&,T MIT 10 2 SAME L law swM.

7 S: TmM10ST. FINE TOP MED. MAPED SEEN. PUICGSYE.9S1 Yw IH RN.-~~ ft 99 5 9.5 SP 13 P 100 33 51 P585.S- EE 11T W

q.0 SANDY SILT: RIM Me. MIT. ClOW
SC 20 46 25 100 SO 17 CLAYE SANT Tl Biam , MIS. Oim. It 3? 48 19 100 72

m S 10 19 SILTY SAftD: SftY. MIST5. s.10511. COwsIW. -1- 1 3 105 4 CLAYEY SAND: 81w MOE. miSTr c

SILTY SAI/CAT 1015 501mO 0ST EOOS
14.Sq 14 31 1 100 S301

14~~~~ 7IT SILTY.55 SAWIL15: SANT: YMOI. ITSPE ' l

15. -I 34 15 5N!,2 SIT SILT/SMOTE SND: 00F OATS

-11 SwE GmSTaw MOIE1 R .WT o
25 2E15 5-ST 5900 Mi 0SIY.

9 $911 SILO 9AOAPMS 953. PLSic. 8 5

It 'T 5 41IM 56 3

9 3: 13

2' 21 14 159 5' SilTS 3-NP: 4L.E-QRF, WT, PLSTIC.

_________________________________ 3' -Tc



LUE ENGINEERING PAYS

TH83- O9

THa3-18io

STA S24.117 EL. 103. THB3-1810 STA 522+S L

SILTY SAN' q-,4 MIT,4 CM ES TO 4 111~s DEII4T4O

F 44 25 38q 2 ILTS 55 SUGW 4L1A44L MISET.

5541 ;YE S I:04 SAE SE: 1.4444 vto., MR-*CoeSlam.

s0m 49 - lIw4,-D 5 RP 95 2 LWE 'I4E AIC Ni C'.cs MSTos.

0,1 21 ~1
5w,44 w-. MIW. 4ST. c,;I.

CLAY MIST

3 '7 94 122 '4~ SILTS SAND. n Cf C444

244 to SNM TSILT- DWs 4404 MIT,0 CI)ESIE

Sfw: 1w9 SoRAN.

5 ~ ~ ~ ~ ~ T JO 3 , COA SlT

*37~~ D r ' LAY - IT+. ,

SCAL.E I M-3T

NOTES

SEE SLATE 18 FOR LOCATION OF TEST MOLES AMC7 -ES' eIIN

TRENCHSES u .hM NNUmc

2 SE LT A FOR LEGEND AND CLASSIFICATION S4STEM LOS Aihoaf

S SEE TAhBLE 6 EOR DATE DRILLED 0R EXCAVATEC A041 aN4SNAAARRmAISN CALIPENIER

iTyp Olf EQUIPMENT USED SNAAARVRANTMCLFRI

4 ALL TIEST HOLES AMID TRENCHES WERE SET Up ,CHS'SENRLDSGNMMRNU

THE4 LEVEE CREST UNLESS OTHERWE NOTED AS , NVEPR' LOW OF: INVESTIGATJONS
IN TINE CHNANINEL ARA ENISTINS GROUND ONRAE5fo fPSO EGES
LIEVEEBAKSDOfCRSO 

NW S

STA.531 +O0 TO STA.522+O00

94646049 NV SA , I U. I " N,



VALUE ENGINEERING P

9.OORK & TABER -- . ... . MOORE£ TABER ..... 00 o

T21 I 9k26 WLVA2 'In I19 
2 ~ ELVTW

-T.02~'3 L ,,c~

L-1 2 1 1- 2 -D

GC71-37

-~W Wa,. D~ o~ o OI AE fl SO00f 1,
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-ALUE ENGINEERING PAYS

T E.T BOR N G LO G I t + N0 . STATION Z76 * W o '" D Cr L DATE I/11 1
PE .................... .LE D VING WCIGhT T I ' °

ESCITIN

0 - -

I 121

GC 71 38

C, .; -TATI'I I TL "

hl T,, r'HT

F .SCIITICN I ! I. SEE PLATE 18 FOR TEST SITE LOCATIONS
: ' ; i '+' 2, SEE TABLES 4 AND 5 FOR LIST OF REPORTS

I I .. . . I |FROM WHICH THESE LOGS WERE TAKEN ALL LEGENDS

II ____._______-,__,___.__ .AND EXPLANATIONS ARE CONTAINED WITHIN THE REPORTS.

-- ,L LOGS BY OTHERS ARE ONLY TO BE USED TO
_ -. DETERMINE THE GENERAL SOIL PROFILErH _____ a -

. .- , - ,. 7 1. 1.Hj __t

IRVISIONS

U. ARMY OEWolem wmicr.1 LOS ANGIM
'C CRPS OF ENGUimUS

.i. C.SANTA ANA R IVER MAINSTISS. CALOIN~CIA,
PHASE I GENERAL OESIGN MEMORANUM

I M LOGS OF IN VESTIGATION
______BY OTHERS

STA.585+O0 TO STA.520+O0

aMNDNC Q.SCW 0OR._ I. .... .



VALUE ENGINEERING I

GC71-39 GC 71-40

BoING N.. 3
9  

STNIT I I O W.0.2"-
6 '  

O.L DATE- . t.J I NO iNG No _. .. STATION._ 'I O -. N N
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F
L

C  
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GESCIPTION A P DE i n. l0

H- .. ® ,- ... .. 0l

O C 7 i I O C 1- 2

;- 0I _ _,,no .j 0 - s I'

K--i ---- 4"0°J

N
5 K Bo-g.N. 2

I-.- - -' /IF 0

I ~ ~ --. ' 1-'

Lipm LL.4BK__ _ U.

0071- 007-

C 5 0 -5 - F

L 'nn Nel 4
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N,~C 50 N70 .0.



!ALUE ENGINEERING PAYS

rr

GI 1- 41 GCT1-42

0000 0'_s E r aio'
-  

_. S AT

F-lL ] . .. . ..... .. ..

I I

0C7i-3

8o~So- No 3

2 SEE TAr3LES 4 AND 5 FOR LIST 0 - - PTS

FRO" N HICH THESE LOGS WERE TAKEN ALL LEGENDS
tA/4D EXPLANATIONS ARE CONTAINED WITHIN THE REPORTS

-elI

i , e 3 LOG5 By OTHERS ARE ONLY TO BE USED TO

i S dl CCy ' , DETLRMiNE THE GENERAL SOIL PHOFILE

H.,,;___--- ...

Ai 'I

-,3-7, .S RYEG It osRC

, i IN~ kNoIiiNo SANTA ANA RIVER MAINSTEM, CALIFI)R'NIA1 [ $ S.ny PHASE
'g 
AWRAL DESI GN MEMOQANIOUM

sEt.T R LOGS OF INVESTIGATION

BY OTHERS

STA 585+00 TO STA.520+00

.. I 0) 
I

0
um



-- VALUE .ENGINEERING

0 -Now

0o 0so-'0

0c 485~

"'t'T SCALE 'FMM-

go:
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AY
VALUE ENGINEERING PAYS

1'00

4--TOP OF EXIST. LIVE:

0£
-- ---- ----. - - - -. - --

w --t

4il465 480 475 -470 46560 45l,

PROFILE

20 0 200 400~2 OC. V .~i15- ~FEET
0 0 20 30

vtMT CALEFEET

41"

2+ ~ ~ ~ ~ ~ OTI SE WM4ATI PLTE INT LT LIERCMO 40

SERIES FOR LOGS OF INVESTIGATIONS. SANTA A14A RIVER UAhSTfh CAL80UWA
PHAW I GEREPAL DOM 44*

PLAN AND PPROFLE

ago" STA.520 4OO TO STA.466. 00

3INN , S A I Mem& W - I



VALUE ENGINEERIN(

INVERlT TT84 -1981 INVERT TT79-22L

TT34-1981 S20 SiN.Ei2 C EL. Al i!2 ;800 O C A

De3N LOG I LL P1 - -200 N DESCRIPTION 35P59 LOG Mr LL po -4 -20D N E0

SANISILTY SAND: LIGNT BROP. MOIST MS WT, 'IME SP984 4 59 3 GRF SAND: GREY MOIST.

5.n SM 35E SILTY84G 
.SAND: 

5M MO29-1522. lo 6 sv .y

9.11o ~ 8 IV/a- 905 E,~

0- 'b 31 13 100 S7

31 12 100 50 SAME: RA0M. *T!. COESICO.

0S3 TH3 -1903 TH483-1904

qEPT L C U P0 I -2M5 4 1E RI8?IN %90
1  

C -210 N le3T9-J-9

9 21 SILTY SW:" 'riw SOS MO85 IST. S-4001 0 7', I/8 1M K H SAMIS/Tt ND 5840 1 ,0505

W M 3 I 1 , SAPS/SILT' SAKI: LISOT 24. 05/5?. r-1t I I I- - SAMIE LIS.! 848085 5 0 53 4-

39 2 ITS SAIND I. GOP 848. I4ST, SOME440 V 5TO1 75M 17 SILT'SAN s I -8 455 53. I

5*V 58WT. FIE GRAIWD SM. SUO/!' ~l 3S~ST' :

90 98 13 SAPE ISOG. 84 ,5 MIST.

1~ A F U ~ 5 SAME -OSS [*i TO 'ED1,/ SMM,, SUM.

25W SI/LTY S InS N 400 OS. 08 S850P~ 000 Smk 584 54 IT

S5S SM 1ASI ,A391051 IA.T 71 f. SUIT/SILY SWT L-1 54.8

19 SAND Csro. MIS,. c5401 550484 54. tiv '-~L. SC 4CAYYSN

k- 5 : 15 5UIDSiSLy SRIS88-omo WTwn.m ss00 SME. CIL:?A SAD SILT/ -

-m r -s s - - - -

Q.~3 23 4 S4M S
SM"5 53A ;I- 31 5ive



ALUE ENGINEERING PAYS

TH83-1902
STA 509-60 L 0.W

LEPTH LOG 4C LL PI ,9 -200 N I1RT7.

Tr 79-22 ___________ SN/SlT SA~k. Lroom Mrs, mIST. '.eso. s~f
IT!-C.9, 

2 P * 7 SAIT IfVlIWJ IAN SAM, ~ L01 TO I 110.

LL P -4 -20C 4 nEC1'TO 4.0 2 I~YSIl A C ISO TETT

5; 1 rAVLYSAN' ;RY, IST.Wm~ oo~t. Ar~lmSILTY SAND: PAUNN, ITT 'INE G8.INE SCI.
991" 9.'O S ) .3, 11T. ~hC ~ 0331

SI II If qq SANW ( IL TY SAND: L I lA, s m - R I N 50caw s I .

is 0 99 72 SN/lr AD:% ,W," e m

MMI 17TA 'IMON T , 00PST Vt

28157 1, wI 9oo 2 5/SILTY : 380.. . T, coW ES.-

1 2 'I 1 39 16 SANDY2 SIT: TPN 601058. row l , COST.

MAL 9 23 P 15 3 ILSANDY~ TLAY: NIOo., WT. C0007)01.. STC

-21 4' 12 7

WN Jr L_ PI - 7

5? jo j s. vo- :sr ~r- ~a'T SC

}Lz~~~~czIS' W-l TO C.:PS .T 0 2 800 - IN ERTTT?

NOTES U.S.0 ARMY 
TW0040111100)0111

Ir SANT ANA IIE MANS M CALIFORNI

c.0 Sm 21)' SEEU8 PLATE0 64FRLGN ADCASFCTINSSE HSEI M A D IMMRNU

IN THE CHANNEL~ .00")(STN GROUND ON20 BACM- TID 
F00 ST .5 8+010EV85 0



VALUE ENGINEERINI

INETTT79- 20 TT84- 1982

T7-0STA 477AA C EL. 77t TT84-1582 IN E T 'TA 4770 C E

VT LOG MC LL P -. 20 DAciI [ACTH L06 1 W q TE

94S77 SILT TM': LIG G .,

n. _o 0 SMSL:I

-2 1w 7 M



ALUE ENGINEERING PAYS

TH84 -1905

TH84-Ig05 STA 41400 R 7L 90±

TT84-1982 DETH LO6 MC LL PI -A -200 N ESCRIPTION

'4 6 SADISILTY SAND: BRCMI, MIST, LOC., FINE G l D SNINO,
4/ q7% 6EL. 77!SPEE.

6.0SILTYSL1 SAM: LISPI SQOL. 'IPSI GXIPE S-INS

1 SAM"1 SILT. nIK MKIN. MIST. COHESIV. SIP MA. EIM.

/ w 99 s
_LL *:N PE,.. MPIST. 70*5W, IPSENI pwM -

llyP DA - "EPn. MIPST. SWE SPRL P0 It? tms. 2.

od~n. P 55 '4 5 157 05 D$ ILT 50 M Ie.PST-WT. 00SbvS STIFF, FlIP
R. 30 1 Ion 65 17 GPMD SEEpa.

15-G
SILTY SE~nT 'VOC. PEIS PE. 70*5405. F,, EME SE

SD wE 99 26

17

54 PT N 1' 2 SETys SILT n SWFIY 59511 WIS T~. CISW. S- 5Fl,, 0

9 39 73 7

SCALE. I IN.31T

NOTES6

I SEE PLATE 19 FOR LOCATION OF TEST HOLES AND TEST
TRENCHES

2 SEE PLATE RA FOR LEGEND AND CLASSIFICATION SYSTEM

3 SEE TABLE 6 FOR DATE DRILLED OR EXCAVATED AND
TYPE OF EQUIPMENT USED SPENPE o C , ANNVa

4 ALL TEST HOLES AND TRENCHES WERE ST uP ON REVISIONS
THE LEVEE CREST UNLESS OTHERWISE NOTED AS 'INVERT" 7 U.. AMT ENGINES ISIMC
IN THE CHANNEL AND EXISTING GqOUNO ON RACK SIDE OF kp5 ANLESLEVE[E COOPS Of tmbC~~t$s

00.0 SANTA ANA RIVEN MAPINSTEM.CAPIIONNIA

PHNASE I SEMIN AL DSIGN5 MEMORANDUMa

LOGS OF INVESTIGATIONS
CORPS OF ENGINEERS

STA.477+00 TO STA..74+O0

aawflUI- -ATI A. I



-..-VALUE ENGINEERING

Tha-90 TS3

THB3-10 474- LW TH83-1907 3TA 461100 L R. 89t

I" LO "I 92 19 SILTSACO LOG,9OA CIT DESCRIPTIONWIA

1.0 25 SPE TIST PIK YE NEDILI SOC. M'OSI 10 NN M-7 ISTF

1.0 1 6 IF 9 1 2 N SW" T SWNG LIH 10 N V IS, FINE TO NEIOAi SITAPIl I~O OE IS
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___98 12_INE SAD, UALTO /3_NDIS- mim mN ~S16 IMWS-
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'19 14 1-20 19 o W Y ' .NE,,wlf
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1L- V- SH'TY CLAY: 60.0, oIS, STrIF.

020Y ClY4lTVP.

26ST f Tt 'I- r494 62 55100 77 is
2 :f 1" sAE: LIGHT SP,0. WOIST

~4(u40. 435'. L~E.SA: jow io..c, cool.MIIII: 
LO M 3c~ 5 * H s ,

SAITt SILT; GRE 8NMN W1 I&I-T. MOST. SOI .

It 43 48 20 100 9

11 SILTT SNOT 8o: G 1, EIo '00400

S1vto 1

0I0.i 24

SAIE: WET. S.EU. FR.100n7

,W2 rAP WT, mFIA

VW., KeT
92

SCALE: I IN* 3FI'
LO A4

I EE PLA TE 261 FOR LOCATION OF TEST HOLES ANO r'lST CORPS OF ENMM

TRE[NCHE[S,,,, lmmwt, SANTA ANA RIVER MAINSTEM.i CALIFO)RNIA

2 SEE PLATEI RA Pon LE[GE'ND AND CLASSIFICATION SYSTEM/PH [(] AL0 3 MO U

3 SEE TABLE 6% FOR DATE DRILLED Oft ExcAVATIo AND ,," . LOGS OF INVESTIGATIONS

T"YPE OF EQUIPMENT USED CORPS OF ENGINERS

4 ALL TEST HOLES AND TRE[NCHES WERE SET 1i0 ON
TME LEVEX[ CRESIT UNLESS OTHERWLIE NOTED AS 'INVE[RT'IN THE CHANNEL AND *EXISTING GROUND' ON BACK SIDlE OF STA.48+O0 TO STA.8 +

LEV0E[ - .00 S4 .

US.'!

26 08o. wo.5_. i..

IMOY

(4~~~~~~~~o "7 1 ----.3 0'SL oos.~-



VALUE ENGINEERING.

3)613-2634 STA 10.34 R L 154

TH83-263 354l II ) 9-3 44110

EXISTING GROUND
TH633 ST4 37-25 Ii. aA3E 3.9)1 l NT ON MI.. ST. 4444

AOA-ESI44.

DEPTH L34 AC LL PI -4 -200 4 s:i o13 2 S 87 4
17

SNIY 0.IV: 1449?. MIST. )M0)II TO FINE Gf44)4. NO-________

(. 111 32 13 104 161 94.. 00. )4 4-

7.S SR 0 H 0 11 ITY SAND: Liew jo. m,r FIN GRIN wm-om5e SC 5 s4 5IM 25

4.1 14 __________________________

0.43. ORON. MoIST. COWSIW4 14 29 1 to 134 S 13

T) 48 59 3 100 94

SILTYS ODI: LI~ l RONI YO*7 044?. MIST. AIK GRAIN4 NoN 'LA: IGM SNA MST

27 26 122 329~~.~44 ~ ~ T 7 100 54 S2AE: P1)4*)?M MIST. #0)1* '*

W 0O9 17 SAE:G9.OIT5MN LI TO FIN GRAIN 54CICM -14: 94,rn. # ? L17 MOM

.3 RP1814 SWSNL2- m m CL. 46 %4 I 1 34 75 3)67) a0t 6RE*. MIS? T,

% SAN/S1115 SAND: 144?. #0?14 9)5 GRAIN, MI T COWSVO SP v 100 5 1)6')q 1445 MI1ST.

34/92 #134 13 ____ ___ SILTY SA650TAR GAIN, W4T, FIA

Of- - i Mi: 14?. VSNTLIAM VINJA TO 30434 MAIN4, W 0. 2 a 2 1'3 23 cw 1GMC.s _ O

34 205 10 14 7 sM SAFE 541, WT. FINE '/14)5.

42 ton 13 19

SP'5M 22 0 13 02 SA621111- 943 SAND GA" SAT 031. -j)14SV0I#4?. j4 ___ . 15 9 _ _ _ _ _ _
5650/TLT)- 1451: 141. WT. 4

?4 1)67: '4 A.54M4??, 445)4 S44,4?'. 7.1 It_____ 1 _______

T 4 22 99 4 /41: 3* WT?.

12341 3 34

SOM1-) W4): q-,? 041 152 Jo., IOD W.~sT SILT 144 Sal ? .G 1 44
1/ 23 w4 101 T3/34 34/s 100 5

~ 19 __ _ _ __ _ _ __- _____ 254 __ _

2' 0 3 fiT 5445 SATLIRA 43)4? GAIED qIG4 5)3 M I ? 44N'W. NomC34Sm-T

" r I2 s o 
M 24 ' .1 2 2 S W

S 1 ? 190 0 3'41 2.. 9' 1' 1

'/4ILTY 1.61 144 SA AT ?TV FI ))?NO )4. 0

In_ _ _ITS 10 5

ST IT) 1)65 /4??, ~ E, 14194)5* I4)4 344) .O cO .

21- --- ----------- 490 14 3



LUE ENGINEERING PAYS

225530.M0 R F. 15±

LL P A -00 D I~lmTH79-4
O.5505 SAD BP" MSIST. GRA' 3/ ImcwS mm EXISTING GR~OUND
25S- 5 3 4T "STA 27.50 EL. at

20 5 IT
28I 40 0 8 IM SAND S.4I -250 AMMvasy. s

29 !.7 15 15 2 SILTY SOD: 45 S. E I. lEs ?. SI 1

SM!2 wo 1010 350 10S cov.2

-S _ _ _ _ _ _ _ __MI S T ,_ _ __IN E_ _ _ _ _ _ S A M E S 1: h .A I MI S T 5 9 0 ? W G . 0 1s T, m w e . 1

29 190 SAF 150WW MIST 11WIc WM.111 ./ SM

SIL SAND: .E IS, 5

Sw5 "K w" SP0 24 Il151

LIONMICA. 101S. ~lE MAI. -COSIW.SM!ISLT SAD. AI, ~ITa mIM. ,v s ts

- ~ ~ ~ ~ ~ M SW SM6 IF0. 10,5? 59?±I 0500.CSS

;.I IT._ _ __ __ _

,. , S.SAM: lIFY. IT5. VllIAD. 00 .4M

SP 154 101)

±11!~~~~~~~~SAE I__________ -0SAD:S-.. 15. a

SADSIT UA.l So. ART SHON NS

SEE 2IAI 2A" FOR5 AS?.TM Of~ TESTS HOLESEIVE AN rES 'xA GEI

TRNCES PSE. OF '.

SANT AN 24E AN ECALPM

2~ ~ ~ ~ ~~~~05 1EE PLAT SA0 FO EEDA5CASFCTO YTMPAE3 0EA EM EI

I91' SEE TAKE 4? FOR. DATE~ DRLLDRMXCVAEDAN

%A I - 0 o--9. 1--



--- VALUE ENGINEERING

TH48-2635

THTS-3

DXI~lNG GROUND 
WNT LOG9 Kr a o ~.

11fl-3 STA V-9 L 0L ?t72 W KN IM "E)

FIL.z SILTY7 FINE -h, LloII alow. DW. L- 3.

Q.AY ~-hs L~ .1. e~. ~39 SILTY SO : L 16WT NM.. mist,. Yl-

CL 2% -A 21 09 93 WONLI Gamic 2I. 011.1 APLAONOU. 3 e q 9 1993

ShiD/SILTY SAM: GA97*MOWN MI7A MST. MOIST, SOFT 1___ w_ 100__16

S/M 1 O 0 SME: ENT, MIST, 9901211 DOM SHELL FRAVVITS. 42 W DM96E. MOIST, FINE GRAINE

99 is OF 19o 21

SIP 23 300 4 13 ton9 1'

20 w Igo 13

56 0992/011.1 SAID3: 5972. -&. Met S9/19 A1 v 19 6 09912/S211Y SOD:) 0977 WT7. File GM

29 W99 10
SILTY7 SOD: LIGHT GM WM. HE-.

SR 3C. w 96 12 00T51.9

SOD5 LIGsT, . MT. 75*99 77 99

25 1p190 S 33

s9 24 190 23
29

35 5 SWAM"ISOD: 3993 SOT 9775 W T

0007 157977 Wf51 GAII'f2, 5

54 SE RYMT,0M.SEL,6qT T n1" 97 2

23 f970 25

5? AW: LEMS OF95 AL., P.n 5 BL, 
a 2 2

52

222



UE ENGINEERING PAYS

THO3-2635

17-M R 1. 13t

200 N ±rnr TH79- 2

SW PW aMa.. FINE GAMTED TH79-2 ST& 13.00 t EL. 91
TO ~PTH LOG MC ILL PI -q -200 ftCIPI

k9 SILJlT iIGW' MM. MIST±. FIRE GM4ArO, SILTY SAND: FINE, U6r, I .. mI4004t Do4.
am IN 00o±: 4

* -, .- o

SoN D GREY. MTOS. FIV GWNM,~ m..COHSM±. SPISPI 23 lo a3

SAME: SosT. MIST, wtOJ ww

4 2

SAND113 t-5 *T. F4,. 014 404!.

5115 Sil 1±0 A4 MO.4?.024SAN. fOE, 4?.v 465. M In 0OM045yw.

545~~~~~Gov w1±0 54? 4?mm.'~ IP S oi.

SINT I.:- 3±t , MCIE3 ,,,e 3o 0o o

'S~~AKIIT IAA9) 044? RT,? eM.O 414511

2'2

SCALE: I Ift.507

LL

1 SEE PLATE 26 PON6 LOCATION 0F TEST N0111 AND 'EST -P OF MINIMU
TRUICKTS SANTA A14A RIVER MAI68IEMA.CALUPDANIA

2 SEE PLATT IA 0066 LIVhIND AM6 CLASSAICAT±66 SYSTEM
I SEE MILE a MR0 DATE DWILLDOR EXCAVATED45 AND LOWS OF INVESTIGATIOS

55001 CIF IOUPIENT sm COPPS OF ENGIFEERS
4 ALL. TEST NOLES AND Thitftig WERE SET ip ON Gaf

TNT LEVM CREST UNLESS 05)60043 WTTD1 AS 3±NW0RT*SA 50T A +0
IN TNT CHANNEL AN"XI'o so0~4 ON 0ACX SIDI (0SAIW0TO5h 30l.IWE 3±14115 IT, DATS US

AF070 I .R No0. bMCWS. -. .--

DISTINT Fu4"



VALUE ENGINEERING-I

EXISTNG GOONDEXISTING GROUND

THW2536 STA I2%W L i atP 
T53-2637 STAIN12 A LN0

MMh LOG A LL P-4 -2M9 N 
OSPTO WI LOG K9 LL pi A -2oo 0 Iklo

20 r 00 61 TA SILTz BOW. IDIST. PIKE sAMM, WoO.-c E .
S 11, e is SILTY G9&ELLY SM: StOE. MOIST,

IL15 
12 S~il LIO R" . MOIST, 0 C~eSf

SNO.

21 W 140 61 S 
19 4

59 IF 269 69 SILT: 6M0. MOST. C0000. OXWc 9Il1.'9

PL SMlE SILT: 6W, iT. PIK T 10EDIL IJIMlED, 0O 
_____________

36 v 169 62 coooSMI.
l12 9 2

11- PW 191 
PC* 

SlTT SHECOWiS.JWASSI

THIS/SILTy SMIO OIV. *W,. WD~Im TO, MAR MAIM. 
LIOO9 Sm~. iol

17.3 

6 1 1

lmoS 6m.5 WT, 03*9

25 109 3

20 100 2

13 169 3 E 0. iT .~*0

22 16930016

2 94 2

_ _ _ _ _ _ _ _ _ _ _ _1 
5 t69 2 S A E G . "0 . S9 0 T E , W VI1 0 MJo

20 169 2 
-

SMEf ;Kv, 4T. COASF GRAMED. EW600 9VL-.169 
2

is 9 2

25 10T21 169 1

23 100 2 AE-r A A .c~s ,

22 16900' 
2 

SEWL MGos .OIoE. SiTI501

9 - - - - -SAME 010 GMAlIES S.W.

65.2 ~~~~~ ~~2 p______________________



kLUE ENGINEERING PAYS

TH83-263 7  T7-
NQ EXISTING GROUND

STA oec p EL. I0! 5109-1 STA 6+00L EL. 10±

L PI - -200 DESCIPTITO DEPTHA LOG K LL PI -ft -2W1 4 DEWcowTIo.

SILTY 66641.10 SAO): 11oI, MIST, MHCISNE. SAND: 1-14P JO3.K MIST, LaE, SE vAsO To 1/2 I.H

TO 0 63 I00 3 99LL0 FRAGWITS.

SASS: LOIr o MIST. HO-CMESMVE WIM ORAXI

SM. .

SAW: MEDIMX DWE

SAME P61ST, cmAW To 2-1/2 Imes.

SAS/SILTY SASS: LisiT Imam, 0100 Dom. OCT. 60.0.

SW: LIGHIT IMI. WCT. SOWCOWSNE, 009)00 TO 
It120SPMA2Ew10

500wr SMC. SAFE TOOT.

i524 SAND: GAo.MAI WEE. DM CT.

SP 16 ITO ft

IT SAE GM0 WOT, WH-COWSN. 000100 500010. SWI,

SW:F 60000. TO I/2 1101.

22 ITO 2 3

___1 3 10/2 /SILTY SASS: iqRV. HEI00) WE.OT. MIAW TO

S/SS 1 O ITO 10 a

33

- SK! FINE. WE. TO MAM..

if SASTPATO. CO*=M 5065 SAC, MCoESNf.

IfF'W 060000 S40.

SMAE: I M.)3FT
55C

NQTES; REVISONS

1, $99 PLATE 2 MR ON CATION OF TEST HOLES AND TEST U. Si .. AM MOIGDSeuICt

YKNwogs LOS ANGELES

2, US PLAT NA FOR LEGEND ANDO CLASSIFICATION SYSTIM. CORP or SATSAAHIEOSHTECU ONE

S. SEE TABLE 6 M DATE DRILLED ON EXCAVATED AND PHS It GFRFA EIMKO~m
TYPE OF ESUtPASETOT Usto O O NEDAK

4 A"L TEST SOLES AND ilEOSOOs WENE SET UPS ON W.LG O J~T1AIN
T[LMCS NEI HE NTDAs *INVERT. CORPS OF ENGIEERS

IN THE CASAN41L ANIERISTING GROUND" ON SACK SIDE Of

Lem. STA.12+OO TO STA.6+OO

U~ ~ ~ IV., 
SNo.IDN 0151ON. IR "



WC 77-1
DATE OF BORING 29 Dec 76, WATER OEPT'rH 26 D.ALTE MEASEO 29 fig, 76

TYPE OF DRILL RIG ucket HOLE DIAMET 20 in.

WEIGHT OF HAMMER 1500 lb. KAIlvFALLI N6_L jA_$AMpL.S 
2 -in. dia. Modified Calif.

DESCRIPTION

1KNOW ELEVATION:
tm dense, damp, light brown, SILTY SAND (SM)

1 2 10 93 MA
SAnSy SILT (L)

2 3 87
3

Loose, with trace of CLAY and shells

I0-
3 1 88

16

-- Mediumi dense. vet, bluish gray SILTY SAND (SM)
4 2 27 98

5 4 21 107

6 Redium dense, bluisk gray fine-grained SAND (SP)
s-6 2 20 107 NA

sottom of orTng at 261, ft.

00-

P NaI M NS LOG OF BORING B - IA

NOTES:
I SEE PLATE 26 FOR TEST SITE LOCATIONS
2.SEE TABLES 4 AND 5 FOR LIST OF REPORTS LOWER SANTA ANA RIVER

FROM WHIC THESE LOGS WHERE TAKEN. ALL
LEGENDS AND EXPLANATIONS AND CONTAINED LOGS OF INVESTIGATION
WITHIN THE REPORTS. BY OTHERS

3.LOGS BY OTHERS ARE ONLY TO BE USED TO STA. 60+00 TO STA.O+O0
DETERMINE THE GENERAL SOIL PROFILE. U.S. ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT

PLATE 26F



VALUE ENGINEERING PA

470 470 410

440 -xn - FX L T 460 420

LEFT a

480 __________ _________ -480 410

420 420 260

410 410 370

Is15 1610 IN0G lo0w 1506 Is

PROFLE

200 0 200 450
HORIZ SCALE ----- FEET

10 0 10 20 3
VERT. SCALE ----- -FEET

GENE1



ALUE ENGINEERING PAYS

420 42D

460 410
TMLWEG 

410

300

410 37. ___________5_0_370

1406 141030

PROFE

210 0 200 400
,IORIZ SCALE :E-= FEET

10 0 10 20 30
T. SCALE FEET

1. $41 SUBIOUINT PLATE@ 04 TM4 PLATE NIASER DATYM 13 NATIONAL GIODETIC VERTICAL 60 06

WIS Pon LOW6 OF 6E8TMOTC.______________________________

2. TNE06 VEPRIINTATIVE PHOTOGRAPHS WIRE TAKEN oilm

$4 IAAY 1067.U.L ~ 80 on

& PROPI.! ELEVATION WIE 011RAR IN IIAMR 107. aon o Fwoo

soul.m No MO.u



----VALUE ENGINEERING PA
TN 87-I TN 87-2

S3- 76. 15358 a.- 937t TH7-2 239. 163.33 EL. 350t

tell OS 13 L1111 -4 -20 N 0933"3 LO ME9 LL. III A -200 M

3 93 22 SILTY SM ?R6.. MDIST. spSI 951213 1V3 9303 6 20 SAVIT AD.L 5 .M

3 3.3--

SM113 121 SM SIT:&I . M9. A F& Oo303,
-2 18 99 95 ou.S-

* 97 35 5581; BRIM8833 M 2(1 WET SIQ 888.ENE

3.3 11 9 7 32 33.362. 32 5 95 69 29

v/89 w 92 6 138/SILTY 533M: Sm8. MOIST, LOOS.

11524 399 38 is
130 3 53 SANI 3 SmJOST, LOW- It

SP32 9 is98 63 SAME.5Am.

3 33 3 W 10) 89 11

17 W
3
9 3230 553 319w3 '03 9

ME22.3N F I.I im WT - , A ,3 I LD SILTY 1933. R3.* 1011. v , -

6p 48 3 1383 991.L 60E8.3831 360399 sm4. CoaEs To
3 looms. N 23o 3

GPv9 IF -A 12 T =3643. I A00139 043363 4.

174 % 57 23 34 67 Sm r-83.33; v MO3839IS. 4 -. W931,s81 pCw.

Sm W 97 13 SILTY 1AND; MtAI CO.LO. A 83.8 FE 880M 8 tC~. TH T-

TH87-3 STA. 1389.13 37... 632
139 9 qwL TO/113 ODPAE 08l-303sor

v 53 q SNE. 39883.30 TO 5 . CWLES as 46. ______ ______________________

SM. 2___57_U___8_24__________ITS.____________ 2S 6 100 SS 23 AIY ;I'33LTY 3.93. 190s.

3.3 '0 45 54 3 SW;: . NI-, 3.I-3

37.0 I. 33 1 69 V2 o12. 3 2~933

36.0 3 9 9 3 3 31 9 8 26 39 *2.3o 9I SIT 
8 36

83.0 23rjc. s3/38 2 3 33 33 SILTY CLAYEY7 1596; LIGHT 89,-, 3.

SC 21 11 93 56 '19833 333;: 338333. SOW3 3381. TO 3308_______ __________

It 12 li 6 98 85 90 ws33.s -

(A At. 27 7 99 69 3033308. B

M- 33 21 99 62 1333 SILT: AM,8 MOIST.

sc 50 32 8 2 2 334.33 E 8431.336023
15.0 1

s S 33 2 ?1- 3 99 47 F3INE963843 SM8.

NP 193 29 331.3138 83,43238 Aux 3 M m,

"P33 3 m 19 12 133/1313313 SAPI.D 3 Am, w ,;

SVC: GF TO 1/2 tc,

893



LUE ENGINEERING PAYS

TH87-2 T8-

STA1. 106-3 EL. 40 141-4 I 520246S aL. 3Net

Ul PI -4 -200 4 36scIFTION 0NP5 LOG K LI. PI -4 -200 ThEsompT33

IF 9 0SMIIILTY SDIU LIGHT AROO. FI11110. ComEsm. SILTY SAM: 'LIGH.T Immm J~j. l. S TOP F6 :I~ 32 3 231 OWNED SAMl OC11SISM ASI. 1;7P SURECI.

____________________SAN: FINE W1AINS SAM' N t0wE G RAMOL ROOTS,300±5

SARIT SILT: BROMI. DRY. AFER ENAMELSOM P141 IN lF 100 28 1.2 ANR TIMT

NPIM 7

29SAW, DARK AN. IF 9 23 14 SAE RICAN363636 ITH 142±O %, .1±Fl.1GRAVEL.

_______________ 1F 53 17 SMR: LIGHT14 0001 111T. SINEWS 7 RIM.

SMt: AN613. 50% 14113 STREAKS. CONESIOY. ___________
20 3 49 6 is

46 ± 1, 513661OM .Fa6369 16

4p±114 !- 3 101 O
15.2 0~03f11± ' 0660M3.

5/sm NP 93 7 SANl/SILTY SMO: SI014. FINE To COWS MM1060 SAM.
SILTY SIPS k-.N 5113. MIST5. IIE 3MM 01111, MaD w111 To 3 , om~s TO 7 1110143 51MINING.

____G_ P 48 3 3 r ke 101 W336 11"3, R~jdG AND 111411.41.SOME
±001±3 SILTY 01.603.

23.0 _________________________

SILTY 6001±1: DARK1 SKY,3 SOME COIKES, Cow1016 CANING
6" is 3 71 113 IN AT 24 FEET.

SILY SMIl: DARK1603. VIM OWNED SRO, A4 F84 GRANE36,

TH7-M 1001 63 11m1 03140103. SOME ORGANIC0 VA±011.

SrI. 2/
1 ±

KSFL- 451!
________________________No_ 96 7 23 Ski: ME0121 TO03COARSE1OWNED3141. 11 -113 110361To

v31. 36 2 3 SRO1. SOW1 3614±5. To 1- INCH1. 00101±3 0601.0 To

SAN ;-0 MORIN3 TO CORS '130160 SAME. 0111411 TO

-4 IGNST ORI0N, 5161011EIM NP 33 3 1 rm WOfS

23 - 51 SILTY 0.1135 SARI: LIGHT POOR. 0. 36333110 5607(ISLIY 3631±562 1±5 13363 5
NP/NP VP 60 6 GRA01M 5414. 01141.3 366CHES14.

5111SILT: Smm. 3613. 40-0110.±2I134.M __________________________

2ULL SA11IT FAVFL SAM 3m- WARS OWNE
____N 72 S33311 MAML/Il TO U 5 60 INHE1136 T IH. FOO(ETS 3606

56053SILL: 8010. MIST±. VER G60141TO32 00145. SL NMP

aME. W. 1,103,

23 ±1 02 W" SILT: 4"0. MOIST. 563

36YF SOD31 50: NUJI. MIST,. MR11 L14 OF SARI MAERA,600014.MRMMAE NI.Ma

- S1_________________ P 34 2 To61/7 10.1111.01110±36OF SR MW M SILT.

NPW /. . ILY SAND. 9m 6~. NET3. i16q To 1 COARS RA.DSM

NPOM :rI50lfLT 160 33MD±D16 6601620314 SCALEI. OPS T.

DA2tN1.4 IN ATION4AL GEOETIC VERYTICAL CATLAN OF' 1929

WNTES. 011VISIONS1

I SEE PLATE 27 POP4 LOCATION 0Of13 TEST .1 MOLS. ARMS N3IFUam 30
2 3(31 PLATE2 GA FO0R L0.10 AR14 CLASSIFICATIONI SYI±37(14o WGOM

ASAWTA ANA F14TER4 MARIESTE"1 LA"'""
14430161a GENERAL OESION WANORAM"A

m- LOGS OF INVESTIGATIONS

la,1029CORPS OF ENGINEERS
ameca~mSTA.1608+35 TO STA.1507+65

SWIMTIS my,031 10



VALUE ENGINEERING PA

T17-5 SIR 1500.50 aL. 42t 314-6S 1493.3 EL 427t

WEIFN 1OG K LI P1 -4 -200 N IIMIPTIODRT LOGI 1 K LL P 4 -200 N SMCSWION

SM(1/51L13 SWR: LIGHT SAt R, ED. SIPS r" 1)
4 3 SILT: LIGHT GROW. DRY. PIPE GRADE Sw.r 99 11 U Sam 9144018. BRS mm,3 SM MiUS$ 15 ES. 4 37 g 9 56 G~A. LOOSE-

SILTY 531: LIHTc SR. MOIST. LOM. FINE MAIMED sMM. it 6 53 510 7 3
SM Pw 99 14 4 MC P11 IEM OF 18573 * SAMD OYw 4013.

4.0 1 3 4: SOME mDics.
1)651 SILT: LIGHT R" SlP STVAC OF k151. IME BRAMsED 9

30 1too 70 SID.8.0

It) SILTY 5)65: 11GHT "WRBEY I TO -511,M :

49 130 90

17.0 GU ILTY 153/SILY 64193115 SM. RROa. rp-k
S W 10 is SILTY 1)63: I1GHT m. DR" ,5 ES MIL1 MA~IME SAcP. W 64 7 35150E Sac. SOME BR5 L-

131SM/SLTY 11:i L16HT GROMM. FIE TO WD-. SRAIED S40,I7 TO 3 tRwS. LSRA/aM TO SJ*5Ojr.E
w 99 9 ~SOME BRAEL TO INCHES SISSERN-S/m-

1491: DiFR GOORI. 09394 15513 SBRD, GPNEL-.Y
WI0sLES ToG 6 INOE. BRILLIC LYT /BIE

N'P S2 
7 1

15 1 .4 16 SILTY GRW LLy S4PT- nW~ GREY OARSE 56111f-23.G A/EL TO ICNES. SOSf ISi.

1)61115 644931: L1GHT 9AORI SCO GReY. 3)655 351*5 SAI.
Sp4s 2 amu.1To34 ICs. SN': GRA/PL TO 1.5 ICS.5

SM

5)61/SILTY SAW3 SASY, 385 mmRI*S Sa. BA/EL TO75 2

56/1$ 5 1I IM,s MC HWL 5019393 B SILLS .

Z9.0
30. 0______________ _________ 655' 1)5/SILTY 4AFU SAND DI 1

SILT rA STFIWS 54 8 CARS BRAIMED SOO, GRAIL TO 3 :Ns, sO 'p-

38 3~ ~ ~ ~ GIE TO 25 Q.EG, T Y SUE 10,013IT4Ml[*a. coESEt. URLE PwsOC AM I

31 3 75 19 SW - S oS BRS 25110.553 &-4.q 1I

41 1 '12 44 SK /51*45 OF 16)6 GRAMD SM. 1.

Sp. 58 3 6RA41115 SM53 SGR GREY. WO"1S T' 55656 6
W351 S 3 5 935311.8Y 3)6310531.1 SILTY SAN: 6MSEYIGR 54D LORIS GMNL O I_______LS '

40 .0 "HlE TO15 GARADEDm SacM. Sac a TO71 to1 sas.
GSA/fLL SW/~SILTY 331111 SAND. ' ssa. -N, 66 9 93395E GRA1,01 SM. BRAW 9 5 140*5 LiE
SIITISH-SLIE IPATESI 54 INI IEA5104BA:
A47 52EDT.

71 86

ISEE PLATE 21
Z SEE PLATE 4 A

SYSTEM



LUE ENGINEERING PAYS

EL - 27t

.4 -00 4DESCFIPTICK

SI'TT ILT. IGOP IDOE . .p AONSE .Fa

SF. PRIST-

Ix S

'RAWLY SMIS[OSILTT 6RAYV1LY SAND RA(MI. FINE TM WMDE

[IE WP-rTP. Fl!OIIP TT M0050 WRA150 SACI. OSEL

SEf Af AWFOPC COE 10*±0 SAO, .7NEOL To 2 tNOS.
'(NtS TO 6 [NES. MILLIA WWN ET

2.1'SOVLnITY ' OaI67YES STRO ±0±10 S-4.

r.*,TO1.5 rICES.

INST- l TATS ilTV AAVFLT 'AD . D-W I.4 .0100

<RO -P[l TOO **ML TO I NOWS. TO CYOCOS
'A ~ ~ ~ ~ F 01950 P0(0S0!10W NATEPTA.

zO5 FIDS vTTm. TONI 051010 Amu
IO.T T'4 C..WS TO In[OT.OET

SCALE $IN'S FT

NOTES ATUMA I NATIONAL GEODETIC VERTIAL DATUMA OF 19 29 1

SEE PL.ATE 21 EFO LOCATION OF TEST HLES N-P~IDON NTI

S EE PLATE 8A FO LEGEPID ANDCL.ASSIFICATION4
SYSTEM REVISIONS

I U. S. ARM 14014111WSTIC
LOS ANGELS

PPSANTA ANA RIVER MAINSTEM CALFORNIA
PHASE A GERERAL DESIGN k*MARAEIUM

LOGS OF INVESTIGATIONS
CORPS OF ENGINEERS

awmTDS DAT IW

STA. 1500t50 TO STA 1493tOO
By ATE9 EPRDAI T .-

DSTRIT PA 05 O
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LUE ENGINEERING fY

'UmK

fil NrIN;ToN BEACH'

T

I. ThANEcT STAT M44F MMN A&ADwyTom

2. i W WiSa 0owIN cSI on T U. S. AMSY ING*"S inCM
3. AL~. CA M 3SEACH TROUECTLOANES

PET~w Ti.ALW42 AN -0 OPS Of idooast
FIMT NUIRSANTA ANA RIVER MAINSTIENCAIFORNIA

P'40E Al GENEAL OE3RN WMORAMDU

" ~ PLAN OF DISPOSAL BEACH'4VESTIGATION
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VALUE ENGINEERING
LEVEE DESIGN PARAMETERS

DESIGN MAXIMUM OIMISM". R STRENGTHS S STRENGTHS LNIOSEH DENSE-,

-WEIGHT W. C.N LOOSE DENSE OE *tN ~ (COMPCTON) It~R5C C0

ATM 155 IASTM IS5 (COMPOACION) (CO TION) SOf ~~ % 7 jAVERAGE M1N

SOI FIRICTIONV CoIlONv 006510 "jrITIV O SION. T6 WIO TOI~O.F IN ~~
SOIL IICI I%I LLE C 'NI.? A AIL~ CM F TL2 C A 06 I rH rj I

CLY 2 5 60 23 602 24 200 30 200 99 log 124 I 2 32Right Ty

SILT 1IT 12 20 200 25 400 26 60 32 100 94 104 122 Righ II j 12

6ADLY 130 6 26 0 35 0 32 0 37 0 104 Ila 126 117 127 136
SANDII __ _ _

SANG 11 1 27 0 33 0 31 0 1 36 0 94 106 122 06 '20 129

%jo 119 12 24 200 310 300 26 0 -34 0 33 107 123 107 12, 130 1

SILT 123 1I1 26 0 32 0 3 5 0 s 0 2 2 3

CLAVVY 130ll 6S I 22 4 00 27 400 26 l00 32 too 104 I 113 112. 2 3

FS,., 0

SILTYTtCOS SC
LEGND CAL I N .27

COPSITE ROSS-L SECND GEEALYRPESNSWEKRMAE6LSADLOAL

HIGHERT LLVEES

TYP-CWATERSSSUECACE

ANALYSES; SERLVEVESGNPASETRSTAL

- S STABILITYICTOSSA ISOSAAYE WT VO HIESOE



LUE- EGNEIGPYS
FACTOR OF SAFETY FOR SLOPE STABLITY ANALYSS (EM 1110-2-1913 DATED 31 MARCH 1978)

WEIGHT RVSIEAOSDEFACTOR OF SAFETY TABLE NOTES:- ENSE ......-.....
90% OC o S CR/FLSt O EOC SO Si EOC. ,End of ConstnAutionPA N -- -- --- W --- W/EQ O/EQ SO.... Sudden Otowdoon

IT SA (R d in FS 1.3 1.0 1.0 14 -. 0 1 3 .0 1.4 .0' , F .. - rtef lo
I I HT -------I- ----------- ---- - - ----10SS . Sleepy S.*OOgdmy/E 

.i WIE Applied Eanthgooke Sojoorl COEF-OSGE:I i r tsrI Left Typil Exiting "A NA 1.0 1.4 1.0 NA NA l.8 Is NA -- NO Apncliosblg
ERight Typical Emgitig NA NA 10 14 10 NA NA 1.9 13,23 132 Loft Coaposit Existing NA NA 10 1.5 1.0 NA NA l.8 1.1

Right CoOngeolte Eaeffing NA NA 1.0 14 1.0 NA NA t.7 1.2

27 36

120 :29

:2/ 7

SFSnr. 1 0

FSnnxILO

E ~~RIVERSIDE LNSD

En INERT ILTGRAVELLY SAND %

SU1DEN ORAWDOWN AND SAND 190%)

- Ci, A FLOD ESTEADY SEEPAGE

RIGHT LEVEE

TYPICAL tCROSS SECTION

FS.I 4 (FOR OARATIIN OF 3 DAYS)

FSs.. 1 0FSL

FS*n. 1.0 FS .1 2

SILTY GRAVELLY SANID tg0%

RIVERSIDE LNSO

SAND/SILTY SAND (90%)

SILTY SAND ISO%i

INVERT SAND 190%4

L SDDEN DRAWDOWN AND SILY IgO%I TAY EPG
L CRITICAL F LOOD ST AGE SEDEPG

RIGHT LEVEE

COMPOSITEtCROSS SECTION
<CAL IN IOTn

RIIINU. & AIM- SoG0m oSw=
LCS WAdOW

omW SANTA ANA R IVE" E4AATDA CAUPOPRA
pAI 2 OMAL DESM ISEDMO4

Blema MSLOPE STASILTY CONDlTKMN

mm I EXtSTV4G SOS CONDITION8
SCALE IIN * OPT MfANLETEV S

to a 'n d~~~o 0A TAVL TEfSapigirvis 9



VALUE ENGINEERING

FACTOR OF SAFETY FOR SLOPE STABILITY ANA

RIVERSIDE

REACH CRSS SECTION EC EC So C IF1 -SI R

IN FS) L3 10 1 0 1.4 I' 0
I Lf I.ICant,3t - .. IA6 1.2 t0o 10

FS-. . F S L tel INSNE.,S NA NA 10 5 N1.3l C- - N F A NA 1.0 NA N

FS 1 6. FSs .12

LANDIOERIVE 85 SE

S ILT 1 90 %)

END OF CONSTRUCTION

NEW CONDITION (See notes I and 2)

COMPOSITOtCROSS SECT1OI
SCALE 1. IN .10 PT

SCALE 1INI5V

F ACTR OSSA LTYFO SUD D (90 ) RVERID

CF FACTOR OF S LTY ORCTAL FLOOD S( G (AIUMDSGNFOO%)DIOt

REPRESENTS ~ ~ ~ CITCA WEAOER STAGESAQLOAL WNE LVE

EXSTN DRAIEE FAC CNDIIO

FS-I.O NEW LEESAFEREAAEYFREDOCNTUTO
F~ f ES -OfSET TH SIM COFIINT FT RECNSRCIO
FS3.FCO OFE PLAETY FOR LEVEEN DSGRARAMWER
j PECTRENTSAFT FSOR CREITICEN FLODRCAE REATIV ESMPIN! USEOD ONON)L.E EIG ARMTESTAL

I STASITYE WPS-EEO ANALYZERED WIT CYONSDECLOPES



fLUE ENGINEERING PAYS

i R OF SAFETY FOR SLOPE STABILITY ANALYSIS

RIVERSIDE LADIEFACTOR OF SAFETY TASLENTS

COC FO S C . 'Et. E O s S OC. .. End of~oy~i
-,'ED wE. w/Eo w/S So. odR Olwdw

C --- -- ---- ------ ---- --- j ..... CnitnaIFdne
. FSI 13 1 0 10 1.4_ 1.0 1.-3 1.0 1. 4 .0 . I rtca lo

W/EO . APPIidEar.thq k SUiril COEF, .15G
6 "2 :.0 L 6 I'0 1.8 1.3 1.8 1.3 4A. Not ApplS."

L. F NA NA .0 N NA NA NA NA NA
DF NA NA I.0 NA NA NA N NA N A

NEC.TCA MALOOIA STAGEID

NEW CONDITION (See notes I and 2)

COMPOSITE 4CROSS SECTION
I ~SCALE I IN . 10 FT

SILTSID RRAELY ANR10%

INVERT

S I L T 1 0 %S 
U R D E N D R M W N N

NEW DRAINED FACE CONDITION (SEE NOTES I AND 2)

COMPOSITOtCROSS SCICTION
SCAL.E I. 10FT

U.S. AmYm pe4O one=IC
LOS ANIGI

ORPMS or #6U5

1 UN SANTA ANA RIVER MINWA CALIFORNIA
PHASE 2 ISIERAL DSIGNi MEMORNDM
SLOPE STABILITY COMTON

SCALE I IN~I f io 7 - REACH I
,a 1 EXISTIG SOL CONDTX)NS

LEFT LEVEE
-vmf REACH I AN~D REACH 2

NEW SOL CCtNONS

TAIILIE. 
I0K Uo



VALUE ENGINEERING I

____- EOC ... ... . .
RE9 ROS ETION -IG.W_

I Ih. FS . 9 .0 . A 1.0

2 i.9 TI-01. - E.IW" ~ A A .0 :.6 90
RighAT,, ~ ~sIq N A .0 . 90
L." CO-N.w - I NA NA 9.0 1. 9.

C WN9 - *2 NA NA 1.0 1.5 9.0

reS. 9.0

CF C

LANEISIDERVESD

SAND/ SILTY SAND 190%)

SAND 190%)

STEADY SEEPAGE SUDDEN ORAWOWN AND
CRITICAL FLOOD STAGE

LEFT LEVEE

SCALE IIN-IOFT

Fe, 10
CF

SLTY ITYSADI1%

STEADY SEEPAGE SUDDEN~ DRAWDOWN AND
CRITICAL FLOOD STAGE

LEFT LEVEE NO.1

C OMPO SITE tC R0 S
SCALE I IN * IC -

FS -FACTOR OF SAFETY

r* FACTOR OF SAFETY WITH SEISPIC COEFFICIENT OF 0.15 0.

F FFACTOR OF SAFETY FOR FOR SUDDEN DNA WON

FS cr FACTOR Of SAFETY FOR CRITICAL FLOOD STAGE I MAXIMUM DESIGN FLOOD CONiDITION 1.

t- GENEAL CROSS-SECTN GENERAL.LY REPRESENTS THE MOST
COMN 90OIL CONDITIONS.9 COPSTE CROSS-SECTI GENERALLY
ME WEWWTS WEAKER MATERIALS AND LOCALLY HIGHER LEVEES.

- WATER SURFACX

IEN or ONSRUIION MAIs WAS NOT Pt ToRMED ON
EXWTNG LINUCS SINCE IT iS NOT APPLICABLE.

2. ME PLATE Aft FOR LEVEE 0ES10N PARAMETERS.
1. Fe"?$ 110% 6l%) REPNESINT PE! LMY YE COMPACTIONS USED I

ANALVS SEE EVEM14" PARAMTR TAS
4. STAVILITT CHOSS-SECIONIS ANALYZED WITH IV OR PH SIDE SLOPIES.



FACTO OFSFT O LP TBLT NALYSIS FCO FSFT AL
RVRIELANDSIDEFAOAOSAEnTLE OES

'-i6 ----0 W -OWc-i --- M -
ROSSS SETO WQV . *?EQ. WWEC End ofcol _,d

Aft i. FS Is 1. .0 ' . 0.0 1.44 ~ CS/l SdenOo~w
...--- ---- - - - - ----- s Cr"r'ool Flood

A/S SINAA0 Stgpag#
Ili.. - NA A A .0 .A .0 NA NA 1 4 10 NAE 40.8 rhqokS..

-(it NA NA .0 1.5 1.0 NA A i . . . A NA BA A Not A f~lbq0 k* SO$IA OEF OISG
%A MA 1 .0 l.A 1.0 NA NA 14 1 0

INNNN - NA NA 1.0 .5 1.0 MA NA MA NA

ES .1 5

k .sv- . Fe5'.O .01.
cF cF

ARIVERSIDE

LANOSIOE

GRAVELLY SAND, SILTY GRAVELLY SANS IN0l

SDEDRAWDOWN AND

T~t 
RIGHT LEVEE

TYPICALt CRO SS SEC TION
SCALE I1IN -OFT

FS *l.0

FS

LANDSIDERIVERSIDE

SLYSLNSN_ (90%_____________________________

LAND (SO%)

CRITCAFLOSTG

LEFT LEVEE NO.2

C 0OMPO0 SITE tCROSS SECr ION
SCALE I IN-[OFT

-K SAN -

Nbf ff. 546Th A R IVER inUUT~kCALIPOMA

SEALE left. IDEm-mSLP "TABLI'TY CONITO
SI o - BEACH 2

- w EXU' 14 SOI COtOTONS

R04T AND c-rT LEVEES

-il w IMI



VALUE NiERN

RIVERSIDECA FLOO, SANDAG0%

RIGHT LEVEE

TYPICAL tCROSS SECTION
SCALE: I IN lOFT.

SANOIS~~~~tlY 1.8G FS*-I 1.1StT 10

FSF -2. FACTO 1.SAET

FS~-FACTR FSEYFRSDE DADN.Y AN

CLAY FATR OCAE FRCIIA LOD Y SAND IMA M DESGNFLODRSNITDNE

COMPOSITET CSOS-NCIO GENERAI.L RE5SET WEAE MAERAL AN LOCALLADY00
NIGNERILEVEES

LUs ITIC DnE LTACE

ILE LIg

ITSCLE ISN. RO0FTtCAL

FS .FACTE OfAT SA-FR EDEINPRAEES

3. POE CRS 150% .gON ERENT PRCENTRELANTVER MARIAS USD INCLL

2.S A EA29FO LEVEE DES IN PARAETERSAt.

4. STABILITY CROSS-StCTIONG ANSALYZED WITH IV ON IN SIDE SLOPES.



kLUE ENGINEERING PAYS

FACTOR OF SAFETY FOR SLOPE STABILITY ANALYSIS

........ RIVERSIDE LANOSIDE

_REACH CROSS SECTION EOC EOC SDO ,JI STAGE EOC COC SD SDS
W/lEa. STAG '/EQ. .,O.wEQ.

R~...FS 1.3 1.0 1. . 10. .0 . 10
3 RIqbt T

0 0
i1W - E.i,,ioq NA NA 1.2 1.7 1.1 NA FIA 1.A 1.1

Left Cooo~je.- E...SI~q NA MA 1.1 l.A 1.1 NA NA 2.9 2.0
"1 4"t CNRfiOO- E~j00j~g NA NA 1.3 2.3 1.3 NA NA NA NA

FACTOR Or SAFETY TABLE NO0TES:

EOC t. CdI ... C~joo,
so ,.~ S~odd-. D-od-o
C.I /Ft. Cl,. Vol Flood

S Sloodo Ste.00

N i EQ., Atopli.d EaIhqo.A S..o,- COEF 0,15G
NA.Net ARRIIOOAI.

'S S13

F CF-

LANOD IOE
ILTY SAND (90%)

SILTY GRAVELLY SAND I90 .I

RIVERSIDE SN %

IVERT MFTe6

SUDDEN !RAWDOWN 
AND 

LY 
9%

RIGHT LEVEE

COMPOSITEtCROSS SECTION
SCALE: IN, IOFT.

DATUM IS NATIONAL GEODETIC VERTICAL DATUM 19 22

- ~~EVISt'GSLINTIONS
RIGHT ~ L0 AIG E OMEVE

u~~~yi3CRP OF, 84GIN -. VmIVI a -

PHS EEA ESIG MEMIo MU



VALUE ENGINEERING PA

FACTOR OF SAFETY FOR SLOPE STABILITY ANALYSIS

RIW81OE LAM

~A4CROSS SECTION E6c O SAEV'O

------ RNq lIps) 1 1.0 1 0 1.4 [0 3 0

L., :'1t Typeo jp F A NA N NA NA NA A

L~It TOVIV. -N. 2F INA INA I A A A NA
L.tTPPN 10 17 1.0 1 6 0

LANDSIDELANOSIOE

SUDDEN ORAWOOWN

LEFT LEVEE 1*1 DRAINED FACE

TYPICALt CROSS SECTION
SCALE, I IN 10 FT

FS 6FS I2 __-FS IA S Is

1,NDI.- NEW MATERIAL

LANYIE ANS/SILTY SAND INo%I RIVERSIDE

L -CLAY (90%) --zi ----- R

ENO OF CONSTRUC2TION

LEFT LEVEE

TYPICAOCROSS SECTION
SCALE I IN IS FT

LEGEND

VS -FACTOR OF SAFETY.
F - FACTOR OF SAFETY WITh SEISINIC COEFFICIENT OF 0,15G

FS6-FACTOR Of SAFETY "O SUDDEN ORAMO0WN
FSCF FA& OF SAFETY FOR CRITICAL FLOOD STAGE IMAXIMURADEINFLOOD CONDITION)I.

901C~ CS SETIONS GEEwLL REPRESENTS THE MOST
RESOIL CITO. OdPTE CROSS sECTIO GENERALLY
REEEI1 WEAKER MATERIALS ARES LOCALLY "ONRM LEVEES

2- TIN IMS c

1. EW LEMEE WERE A-ATZED FOR, Eg OF CONSTRUCTION.
Z.REw REFEERS TO TrE SOL CONDITION AFMR RECONSTRUC-iON
IMl PLATE ASPO LEOU DEGNlq pEAMlRS.
4.PERCE"7S (BO%,SO%) REPRSENT PERCENT RELATIVE COMPACTIONS
-USE WD I1N ANALYSES, SEE LEVEE DESIGN PARAMETERS TAKLE.



kLUE ENGINEERING PAYS

OR OF SAFETY FOR SLOPE STABILITY ANALYSIS

RVE~RIE LANDSIDE FACTOR OF SAFETY TABLE NOTES'

EOC EDC -SO-,F.11 
ED .n hNInIo

wem STAGE WED M WaE End ats~ D,,tmd,

NFS) 7 0 10 1,4 10 1 3 10 1.4 1.0 C/Fl . criicalIFlood---- ---- ~SD... ' Stood, S.."g
W/EQ .A. :9111 EorIls.. S'litl . F CDF.0.Is

S1 F A N0A NA "N A NA %A NA.NA AP9I1-01.
2 DF NA NA I NA NA N A NA NA NA

16 12 10 7 .0 1 6 1 .2 1 .4 1. 1

FS50. 1.

LANDWIE NEW MATERIAL RIVERSIDE

SAND/SILTY SAND (90%)

JNVERT 
~ ~~~~~CLAY 190%) - -------- - 7N

SUDDEN DRAWDONN

LEF'T LEVEE #2 DRAINED FACE

;ALtICROSS SECTION
SCA.)N.OF

2pP .1.

2~F 1.4D~.D PS!, .

MATNRIAL

STEADID SEEPAGE SUDE IRWgoAN

LEF WLEVEERIERID

SAN/SLT SAAW t9O

LAY ISOIN

STEAARTSSEEPAIGERSUDDEN EN.CWOOWNRNI

SCALE ~ ~ CRTIA INOO STATGE P SALIYC#~TO

LLEFT LEVEE

ANtCROS NSECSYIONm



VALUE ENGINEERING -PA)

SCF- 2F

FSCFo. 1.0

CRIICAERLOIDEAG

EXISTING CONDITION

TYPICAL±CROSS SECTION
SCALE:IIN.-IOFT.

FS-Is FS.I

R$VERSIDE

_____________________LANOSMOE

RIVERSIDE New RAERA
- - . SI-- LTY

END OF CONSTRUCTION

NEW CONDITION (SEC NOTES I AND2)

COMPOSITOtCROSS SECTI~ON
SCALE:I IN, 10 FT.

LEGEND

FA FACTOR Of SAFETY

F$*- FACTOR OF SAFETY
rsi-FACTOR OF SAFETY FOR SUDDEN ORAWO~wN.

Flef- FACTOR Of SAFETY FOR CRITICAL FLOOD STAGE IMASIMUM DESIGN FLOOD CONDITION

TYPICAL CROSS-SECTION GENERALLY REPRESENTS THE MOST COMMON SOIL CONDITIONS:
t- COMPOSITE CROSS-SECTION GENERALLY REPRESENTS WEAKER MATERIALS AND LOCALLY

HIGHER LEVEES.

WATER SURFACE

WOTES.-

L. END Of COHSTR1JCTION ANALYSIS WAS NOT PERFORWSD0ON
EXISTING LEVEES SINCE I1 140T APPLICABLE.

VO1W RIEFERIS TO THE SOIL CONDITION AFTER RECONSTRUCTION.
&. SEE PLATE A- FOR LEVEE DESIGN PARAMETERS.
4 PERCERII 90%,90%) REPRESENT PERCENT RELATIVE COMPACTIONS, USED IN ANALYSES; SEE LEVEE DESIGN PARAMETERS ThOLE.



FACTOR OF SAFETY FOR SLOPE STABILITY ANALYSIS

- ------ RIVERSIDE LANDSIOE- - -
REACH CROSS SECTION DOC EOC STAGE EOC EOC SS.,EQ. s . f. A',EQ. wES. SS WED

I Rao FS) 1.3 1.0 1.0 .4 1.02 1.3 1.0 l.4 10 L _ _. _ _ _ _ _ _
4 Rsq~f Typscag- E.Istoq NA NA 1.0 2.3 1.2 NA NA NA NA

RiqAV C-.Roslo. - EoifI~ No, NA NA 1.0 1.4 1.0 1.A 1.1 NA NA

FACTORY OF SAFETY TASLE NOTES:
EOC. E of Coootruti..

so Sudden Drawdon
C, IFl.. Crit mal Flood
ss Steady Seepage
At EQ. .Applied Earthquake Seimoic COE. '0150NA. ... No Applicable

FSCF' 1.4 1 FOR DURATION OF 3 DAYS)

FSS1.0
FS 

S..'0

CWTIA FLOODIA STAGEI

EXISTING/ NEW CONDITION i SEE NOTES I AND 2)

COMPOSITEtCROSS SECTION,
S:Aof INOFT.

syec -ambv

REVISIONS

U. S. AIMY ENGINES 051110
LOS MdANUS
OR of40ra31

1 MepaSANTA ANA RIVER &RI#ASTEA. CALIFORNIA
PHOASE 31 GENERAL DESIGN ME0MOADUM

9CLEIN.NAT SLOPE STABLITY CONOTIN
0 10 20REACH 4

NEW AND IEXISTt4G 80OL CONDITINS
RIHT LEVEE

BylI I, DATE

rE*3 TAGLE.=N Fmuc "0'



VALUE ENGINEERING Pj

FS'%

RIESIELNDIERIVERSiDE7

I NVRT IVERT ~
CLAYi91

TYPICALt CROSS-SECTION

LSF EGS F SAF

FS -FACTOR Of SAFE'

rs,, 1 5fStcFACOR OF SF

vs..,2F SC -FACTOR OF S

t -TYFICAL CRC

', -ATER SURF

SILTY FANOtSO %I LANDSIDE MTE

ISIDE SLOPES 1F4FE

SANDSILY SA~t% %12 SEE PLATE 29 F,

3 PERCENTS 19O %, @

SE E LEVEE DES166

INVER SILY SA060% 
STA91IIlTY CROSS

aS 
NEW LEVEE WAS Af

SIL A~ 'NEW'REFERS TOl 11

VEl, S'. EVEESA
PRESSURE 6.,LI

0 FC'R SODDEN DRAW

SE E F&AASAFm f

WEAK EMSANKMENT



ALUE ENGINEERING PAYS
FACTOR OF SAFETY FOR SLOPE STABILTY ANALYSIS (EM 1110 -2 -1913 DATED 31 MARCH 1978)

- - - - - - - - - --- -- - - LISD___ FACTOR OF SAFETY TAB3LE NOTES:
EOC ECC SD cRl S)l.. A E O C Ec sS SS EC E . . o1 C.....

lR.q BaiI PS11 1.3 10 1.0 14 1.0 13 0 14 1 S/I . Cr1.1P, a

S TYPICAL -EXISTING isB Il L.5 NA NA i's L7 NA NA .s Steady Seepage

WEAX EMBANKMENT- EISTING 1.5 12 1.1 NA NA is 1 NAE NAle C E.155 k

NEW-TO BE CONSTRUCTED i's I's 1.2 NA NA 1 1.6 NA NA NA NOE ApoIlcobl.

NEW LEVEE

PS FACTOR OP SAFETY WITH SEISMIC COEFFICIENT

FSt..PACTOR OP SAFETY POR END OP CONSTRUCTION.

S., -PACTOB OP SAFETY FOR SUDDEN DRAWDOWN

t- TYPICAL CROSS -SECTION GENERALLY REPRESENTS THE MO!iT COMMON SOIL CONDITIONS

7-WATER SURFACE

NOTES
ISIDE SLOPES INREAC. S ARE CONCRETE LINED

2 SEE PLATE 29 P06 LEVEE DESIGN PARAMETERS.
3PERCENTS 190 %,SO .1 PIERRE SENT PERCENT RELATIVE COMPACTION UJSED IN ANALYSIS.
SEE LEVEE DESIGN PARAMETERS TABLE

4 STABILITY CROSS SECTION6S ANALYZED WiIV 0OW 29 SIDE SLOPES

S NEW LEVEE WAS ANALYZED PDR END OP CONSTRUCTION SCALE I A O

A 'NEBREFERS TO THE SOIL CONDITION AFTER RECONSTRUCTION
7EXISTING LEVEESBERE ANALYZED AS STATIC CASES. I E WITHOUT EFFECTS OP EXCESS PORE

PRESSIWE BUILD UP
6FOR SUDODEN ORAWDOWN CARE, SATURATED EWANMNT IS DUE TO 6150O GROUND WATER TABLE

SEE PARAGRAPH Ba
AromaRW n

RIVIDICIND

U.6. myT RP4GOOU miS
L0B ANMiE

SANTA ANA BE YE AATE CALIFORNIA
PHEASE I GEERAA DEIG MENIRAN"EA

SLOPE STABILITY CONDMTON



VALUE ENGINEERINGP

FS'

LANDSIOE 
RI VER

SILT FOUNDATION

FSSO. 16

FS - FACT
FSA- FACT

FAC T
FACT

VITES

RIVRSIE :TY AN om)I SIDE

,A YSPI 0% AVoSiDl 2 SEE

CL~v PERO

,AILYSAO (0%14 STAB

PRES

6 FasR
am0

CLAY FOUNDATION



~LUE NGINERIN PAYS

FACTOR OF SAFETY FOR SLOPE STABILITY AALYSIS (EM 1110 -2-1913 DATED 31 MARCH 1978)

- R----- RS----- FACTOR OF SAFETY TABLE NOTES:
SEQS O(C EOC sD CR FL -Sloi CDC BDC ss ss EDC . -- Ed ofCorstrtio,

Bw --- E P -- - - - --- NjRO __ K S ..... Sdo -o
(Rod nA FS) 1.3 10 1.0 1.4 10 L3 1.0 1.4 .,0 C ritcalFlo.

----------- S-Swoody SFA9O5N

5 SILT FOUNDATION - EXISTING 1.8 1.7 1.4 NA NA NA NA NA NA NA . N AlieNartgim ShcCE-
CLAY FOIIND.AON -EXISTING 22 2.1 I.A NA NA 22 2 1 6. N A NA kW

SAND/SILTY SANFOUNDTION- IT7 14 1 2 NA NA 25 16 NA NA
EXISTING

Fo1.2 FS
6 

.1.6

FSEI 4

EX 'A, 2,5

SANDSILTY SAND FOUDAIO

PS - FACTOR OF, SAFETY
Fo- FACTOR Of SAFETY WITH SEISMIC COeFMCIIEPN
FSNCFACTOIR OF SAFETY FOR END Of CONSTRUCTION
Fsso FACTOR OF SAFETY FOR SitOOEN DRAIWDOWN

- ATER SURFACE

SCALE IIN - 10 FT

NOTES is o IC 2

I SIDE SLOPES IN REACH S AME CONCRETE INRED
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IEPOIr
OF

SOIL TETS

LOWER SANTA ANA RIVER

JANUAIr 1

AVORIZ7ATION

1. Results of tests reported herein were requested by the Los Angeles
District in laboratory request No. CIV-80-12 dated 29 October 1979 and
change order No. 1 dated 28 November 1979.

2. Three undisturbed and eight disturbed samples vere received on
7 September 1979. Identification of the samples are shown on the Test
Result Suumry, plate 1.

TESTING PRGMM

3. The program was in general accordance with the test request and in-
cluded compaction, classification, specific gravity, direct shear, "N"
triazial compression, consolidation ad permeability.

TET E D6

4. a. Grain-size ins, £tterbe Lmits, ipeLfic Gravity, Cempaction,
Prmeability, Direct Shear, Trtextua (2990881ain an Consolidation. Testing
methods conformed to the procedure described in Engineer Manual, E4 1110-2-
10, "Laboratory Soil Testing, " 30 Novemer 1970.

b. Classification. The soil was clssified in accordance with "The
Unified Soil Classification System," Tf No. 3-357, Appendiz A, April 1960.

1SULTS

5. Results of tests are shown on the following plates:

SUBJECT PLATE NO.

Sedl Test Result Sumry I
Platicity Cart 2
Compaction Test Report 3 - 6
Direct Shear Test Report 7 - 11
Triazial Compression Teat Report 12 - 23
Consolidation Test Report 23 - 35
Permeability 36
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REPORT
OF

SOIL TESTS

SANTA 1NA RIVER

SEPTEMBER 1983

AUTHORIZATION

1. Results of tests reported herein were requested by the Los Angeles
District in laboratory request No. CIV-83-108 dated 20 July 1983.

SAMPLES

2. Thirteen undisturbed tube samples and 17 sack samples were received on
21 June and 25 July 1983. Identification of samples is on the Soil Test
Result Summary, plates I and 2.

TESTING PROGRAM

3. The program was in accordance with the test request and verbal instructions
from Mr. C. Sands/SPLED-GD, and included laboratory classification tests, tri-
axial shear, field unit weight, and compaction tests.

TEST METHODS

4. a. Grain-size Analysis, Atterberg Limits, Compaction, Specific Gravity, -_
Field Unit Weight, and Triaxial Compression. Testing methods conformed to the
procedures described in Engineer Manual, EM 1110-2-1906, "Laboratory Soil
Testing", 30 November 1970.

b. Classification. The soils were classified in accordance with the
"Unified Soil Classification System", TM 3-337, Appendix A, April 1960,
reprinted May 1967.

RESULTS

5. Results of tests are shown on the following plates:

Subject Plate No.

Soil Test Result Summary 1 - 2

Plasticity Chart 3 - 4

Compaction Test Report 5 - 14

Triaxial Test Report
Undisturbed 15
Remolded 16 - 19
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REPORT
OF

SOIL TESTS

LOWER SANTA ANA RIVER

December 1985

AUTHORIZATION

1. Results of tests reported herein were requested by the Los Angeles

District in laboratory request No. E86-85-0057 dated 14 March 1985.

SAMPLES

2. Twenty-two undisturbed samples in brass and plastic tubes were received
on 17 January 1985. Twenty-six disturbed samples in sacks were received
on 25 March 1985. Identification of samples is on the Soil Test Result
Summary, plates 1-2 and 36-37.

TESTING PROGRAM

3. The program was in accordance with the test request and included

laboratory classification tests, unit weight, unconfined compresssion,

direct shear, consolidation, triaxial shear and compaction.

TEST METHODS

4. a. Grain-size Anlaysis, Atterberg Limits, Unit Weight, Compaction,

Specific Gravity, Triaxial Compression, Unconfined Compression, and

Consolidation. Testing methods conformed to the procedures described in

Engineer Manual, EM 1110-2-1906, "Laboratory Soil Testing", 30 November 1970.

b. Classification. The soils were classified in accordance with the

"Unified Soil Classification System", TM 3-337., Appendix A, April 1960,

reprinted May 1967.

RESULTS

5. Results of tests are shown on the following plates:

Subject Plate No.

Undisturbed samples:

Soil Test Result Summary 1-2

Field Unit Weight Summary 3

Unconfined Compression Test Report 4-6
Triaxial Compression Test Report 7-19
Consolidation Test Report 20-35



Subject Plate No..

Disutrbd Samples:

Soil Test Result Summary 36-37

Gradation Curves 38-39

Compaction Test Report 40-43

Triaxial Compression Test Repport 44-61
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Coetffioent of Nrezilty, r.o, 10 a/see
0.1 0.2 0.30.40,5 1 2 3 4 5 10 20 25

-I I I I
0.72.

0.64,

---

0.1 0.2 0.3 0.405 1 2 3 14 5 10 20 25
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215 April 1985
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Precoasol * Presureg, p0  T/.q ft SaLturLt ioD, So 95 3 f 95
Comresion ILae, Cc Dry Density, 7d 104. 5 lb/ft 3

Classification Silty Sand (SF-SM) km at e,0 x 10- cu/eec

LL a 2.8 Project Lower Santa Ana River

Raurka Div. No. 91059 Area

________________________DOEia6 No- TH-84-2§36 &mS.le No. 4-1

Depth
__________________ 1_ 31 13 De Ar. 9
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Coefficient of FiermebUity, L~o, 10" cm/eec

0.1 10.12 10.3 0.0.5 1 2 3 4 5 10 20 25

AL

0.7

0.1. 0.2 0.3 0.1.0.5 1 2 3 14 5 10 20 25

Pressure, p, T/eei ft

Tye of S -c m Undisturbed Before Test After Test

DI". 2. 2 in - j-ft ,5) n Water Cntent, v. 19.8 % vf 24.8 %

Ovrure prasm p T/aq ft Void htti~o, 0.870 e f 0.735

Premosol. Presmuwe, P, r/q ft saturstions S 62 % 8 r 91 %

Compression ______________cc Dry lbneity, 7d 90. 1 lb/ft3

ClaeifiostiOnSit nd(M ko at-so x 10- ca/aec

LL 08 2.70 ProJect Lower Santa Ana River

BeisDiv. No. 91063 Ana

_____________________ BorDeing No. TII-84-2546 3-1

Depth
_______________________31 12 Jt' May 1985

CONSOLIDATION TEST REPORT
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NORMAL STRESS. ff. T/SO PT

6- - -SPECIMEN NO.A B C
WATER CONTENT. % we 10.( 031.

5 NY DENSITY ;T 101101.

0 AI4w . L1111CUP FT11. 1.01
- j E~~~ATURATION. ~ ~ j .

* 4 -- 11A-VOIO RATIO % -. 1 0.I' 51 5 D

A ATER CONTENT. ~ 18- IsB. -J. 18.1
? DR DNSITY

M S SATURATION. 100 100 100

ISI 
VOID RATIO 

eS 1

S2 M_.50.47
IS FINAL MACK _ ___

4 PRESSURE. T7P .20 7.2 7.20
MI N PRINCIPAL a,

oSTRE SS. T 'SO PT3..

TIME TO If51 a,)" MNI

0 ULIMT tTJ 314 _30_ 34

AXIAL STRAIN. fT.INITIAL DIAMETER. IN. 2.[2 8 .
CONTROLL0C. Strain TEST I.NITIAL -EIGHT. IN. [ .4 6.45 _6_4

OESCRIPT#O"OFSPEc"MERS Sandy Silty Clay (CL)

LL 41 11L1 24 1-I 17 _]12.69 TYPE OP SPECIMEN Remolded TYPE OP1 TEST-

REMARKS: Div. No. 91510 PRO'ECTr Lower Santa Ana River
Remolded to 90% max. density at

op i muim w tr rnntent. SIORINO No, 0801 SAMPLE NOO.

OETILV15-18

LASIONATORY SPM bAT6 up1R

EWE FORM MO. TIAXIAL CUMPRSSO TEST REPOT

REv JUNE 1970 a

1,01r)
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MINOR PRINCIPAL a

I MAIU -9I 
T oSTRESS. T 50 FT 1 4 g I A

TIME TO to, - moo M I II 5 0 ..
0 ULITE EV"ATORI7 A 0.2 0.6 1.41
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0 4 8 NORMAL STMJ?. . TS T1 02

24- - -

SPECIMiEN No. A B I C

20- SAIUOTY. Yd. 10.7 11. A11.8 __

CU FT 108.0 106.8106.8
o j ~~SATURATION. *.5 56 6

~ 16 AiV1O 11 O1 RATIO **057 0.55 .555 _ _

I WATER CONTENT, -,119.8 119. 9 20.0
12 RYENIY".108.4 10 7. A108. 4 __

W SATURATION.'S

VOOAICs5 99 ..S.1 100___
IL ~ ~ * VQORTOe .53110.541 0.531___o 8 14 INAL SACK

RE-mssuRe. T!sQ or fU* 7-20 7.20 7.20
>MINOR PRINCIPAL 10 2.040

11 STRESS. T. So PT 10 .0 40
4 MA0NU .OiI

STRESS. ~ -. T'QF2.69 12.37 15.84
TINE TO (0, -. , MIN 285 286 180
ULTIATE IVATOIQT

AXIAL STRAIN. f. INITIA -L OfAMETER. IN 6 1-2.8 2.8 2.8
CONTROLLED- Strain TEST INITIAL NEIGHT. IN. IN 1 5.~64564
OESCRiPTION or SPECIMENS Sand (SP)

LL NLP 1" 2 .66 TYPE OPPCIE Remolded IType OPr TEST R

REMARKS: Div. No. 91512 PROJECT LOWER SANTA ANA RIVER

Remolded to 90% max density at____________________

oni2LmuD water content. MORING No, 0805 SAMPLE NO.

OEPTN/1L EV 3-9
LAORATORY SPDL OATS July 1985

__________________________TRIAXIAA. COMPRESION TEST REPORT
ENO PoRn. No.

REv JUNE 1970
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SPECIMiEN No. A B C

WTE~n~ cor. W, 12.4 11.8 12.0
I. LU/CUP? Yd. 95.3 95.8 95.6

jSATURATION,% S 44 42 43
VOIC RATIO e 0 0.754 0. 745 0.74

HWATER COTEN.'y we 26.9 24.1124.5
It yR ONIT . 96.6 101.6 1.00

CK I Lf/CU PT____ ___

W il SATURATIO0. -t S 99 100 98
- 0

I OORAI ~0.732 0.646 0.672
I LI1IM16 OAL 8ACKT, 7.20w "assueT .10 7.0 7.20

IS MINOR PRINCIPAL
o STRIESS. T ' SO T 1.00 2.00'. 4.00

MAXIMUM OtVIATOR - a 91 1.4

--- TIME TO I@ 0 I MI jtI 85 160 165

1"TIMAE OIA TR I

C N R L E - AXIAL. STRAIN. TES I IITIAL HIGHT, N 1. 2.8 1 2.8 1 2.8

COTRLL~ Strain TET IIILNIIT N .6.451 6.4516.451
DESCRIPTION oP, SPECIMENS Silty Sand (SM)

LL NP 1. 1-. 2.68 TYEO PCMNRemolded TYPE OP TEST R

REMARKS: Div. No. 91513 OJECT LOWER SANTA ANA RIVER

Remolded to 80%. maximum at 6OPING NO0 0806 SAMPLE HO,

optimum water content. DEPTH ELEV 21-24
JLAIIOWATORV OpLIATS July 1985
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S2-

024 NORMAL $YC.a. 1T'So FT 8 10 12

3 SPECIMEN MO. A B C

-NATERm COrTaNy. % io* 10.3 10.1 .10.1
-J 0R 4 E6.Syd.~.

I. 4 LUCU PT .f02 .9. 103.:4 ~-
a z SATURATION, % so 45 4 4

1' 2 ---- VOID RATIO g.o 06

ATECOTET. ~ 22.3 20.6 18.
cutENT Ii 103.8 107.]1 112.

hi w SATURtATION. 5C t.Ia
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SES.r's~ . 0.79 1.43 2.9
TIME To ( I _VII mis t 255 231 260

0 L .i .1 ~ULTIMATE OEIATOR I -0

AXIAL STRAIN, INITIAL DIAMETER 0.. 81 .2.8 1 .84~.
CONTROLLEDO Strain -1,, N-11-.L -fEIGH?. N 46.45 6.4516.451
CescRIP-TiON OP SPECIMEN's Sandy Clay (CL)

L.42 Ph. 22 -1 20 16 2.65 TYPEO00 sPvCIMEN Remolded7 "TYPEOPTST

REAK:Div. No. 91518 PROJECT Lower Santa Ana River

Remolded to 80%. max. dens ity at "OINO~c NO. 1001 1SAMP"E NO0

optimum water content. OEPTNE'LEv 26' - 30'
________________LA___________ SPDL JOATR July 1985
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TANeME 7 O 7

IM .1C11 ENT1 - .i & 1Q4 0.

NYORML T.a /QF

a LULr .!106 LL! fL

2~~ SATURATION. S4 5 ,%
10_VOIDRATIO '. 0.506 0.509D.507

I ~wATERt CONTENT, we 197IA 1.

1./C 7"' TU. 1 1 11. Il 13.9 -
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5 A VOID RATIO C 0.501.0.498 0.46'
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STFIR'~ .6 / I 7.32 7.51 3. 73

TIME 70 Ie* -Q ~im MIN 266 250 244
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CONTROLL111- strain TEST INITIAL HEIGHT. IN..6.564564

DcsIap-or wSPECIMENS Silty Sand (SW-SN)
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moRmAL STRESS. a. V/SO orT

3SPECIMEN Mo. A B C

WATER CONTENT.~ wo 8. 1 . .
DRY DENSITY

9 La/CUPIT 0 104.4 105. 1.04.5 -

J 1 .dL.LSATURATION. S. So, 35 37 35
2 q- I TI IIVOID RATIO. .64 b 9

ATRCWEN. 11 19 1 1.3 7
WAR CNTENT

'Z 9U PT d 109.6 112. 114.6
M S ATURATION.~ S S, 100 100 100

ifIIIII OIDRATIO tc .537 0.495 P.471
4 POCSSURC. T/SQ FT us 7.20 7.20 7.20

> ~MINOR PRINCIPALa
C ~STRES. T/80 PT 1~I.0 4-00Lfl

MAUM CIIATi u~ 056 0.96
STES -T S T05 0.62.19 -

1 20 75 180
ULTIMATE DEVIATOR 11" - 'A"1nan20

AXIAL STRAIN... INITIAL, DIANE TER, INI. IN 1 2.8 1 2 81 21
COMTROALEO S train TEST INIlTIAL "RIGHT, IN. IN 1 6.45 16.45 16.451
DESCRIPTION O0P SEIMNS Clayey Sand (SCQ

L% 28 P 8 Pt1 TYPE O" SPEC MEN Remoad TYPE OPr TEST T

RENARNs: Div. No. 91525 PROJECT LOWER SANTA ANA RIVER

Remolded to 80% max. density at

optimum water content. 004"N"'NO 1206 SML O
DEPTH/411L1V 2-2

LA90PATCMY eDDAE JUl 1985
rRAXIALCOMPRESSION TEST REPOTY

41EVOO JNO. IS0 0 PRVommIs EGTI@W IsoevLETe TRANSLUCENT (EM 1110-2-1906)
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SI4
St

2

X

0 2 4 6 8 10 12NORMAL STRESS. 0, V/SQ FT

3SPECIMEN No. A
WATER CONTENT.~ % w 11.2 11.51 11.4

L SATURATION. % 5 5 7 3
P' 2 VOID RATIO '08 85.~

WAECOTI4. v 29.3 28.4. 25.6
zT 1d94.6 95.9 99.6

SATURATION. ___ 100 100 98
IVOID RATIO ec 0.801 0.77W0.711

1 U IA SIACKTS
PRESSURE. 0-QPT~ 7.20 7.20 7.2

TIM T (, a).. IN If 255 230 267
0~ ~ ~ IS 2 LIAEDVAO v . - - -

AXIAL. STRAIN, c. INITIAL DIAMETER. IN. * 11.2.80 12.80 2.80

DESCaPTON OoP ecIMENS Sandy Silty Clay (CL)

L.L 35 JPL 24 1I 11 2. 73 TYPE OP SPCME Remnolded TYPE. OP TEST R
RE9MARKS: Div. No. 91528 PROJECT Lower Santa Ana River

Remolded to 80% max. density a NRN O.SML O
optimum water content. 150N6O.SAPE O

LANORaTORY SPDL ]DATE July 1985
_______________________________TRIAXIA. COMPRESSION TEST REPOT

EePon" NO.
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AUTHORIZATION

1. Results of tests reported herein were requested by the Los Angeles
District in laboratory request No. E86-86-0033 dated 10 December 1985.

REFERENCE

2. "Report of Soil Test, Lower Santa Ana River", December 1985, South
Pacific Division Laboratory, Sausalito, California.

SAMPLES

3. Disturbed samples contained in sacks were received 25 March 1985.
Identification of samples is shown on the Soil Test Result Summary, Plate 1,
and in referenced report.

TESTING PROGRAM

r4. The program was in general accordance with the test request and

included compacation and permeability.

TEST METHODS

5. Permeability and Compaction. Testing conformed to the procedures
described in Engineer Manual, EM 1110-2-1906, "Laboratory Soil Testing,"
30 November 1970.

"tSULTS

6. Results of tests are shown on the following platess

SubJeut Plate No.

Soil Test Result Summary 1

Compaction Test Report 2

Permeability 3



tvr L-1I'LMb U. S. ARMY

- SOUTH PACIFIC DIVISION LABORATORY

PERMEABILITY

CENTIMETERS PER SECOND

0A/

FEET PER DAY
COEFFICIENT OF PERMEABILITY (K)

REMARKS:

SPECIMEN DISTRICT. LOS ANGELES

CURVE OIAM. MT. MAX. COD IN PROJECT: LOWER SANTA ANA RIVER
IN. lN. PARTICLE CDND. TOLE F& DEPTH

A 4.0 2.0 No. 4 Remolded to -UV NO. NO. NO. FROM TO
B " No. 4 95 & 80%of A 91527, 1506 24 27
C No. 4 maximum B 91531 1601 21 22
D " No. 10 density C 91532 1602 18 21

D 91534 2203 27 30
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I. GEERAL

Purpose and Scope

1-01 This section presents the results of investigations made for the
Lower Santa Ana River in connection with the flood control channel
improvement as the River empties into the Pacific Ocean. The objective
of this appendix is to provide the structural design of the Santa Ana
River Channel Jetties, the training dike, and to determine the impact of
shoreline changes as a result of the Santa Ana River Flood Control
Project.

B-I-I



PHO 1: LOOKING LFSTEAM FROM MOUJTH. LEARqT TERN NEMMH COLONY 70 THE LEFT OF TALBERT CHANEL
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II. EXISTING CONDITION

Location

2-01 Flows from the Santa Ana River empty into the Pacific Ocean
between the cities of Huntington Beach and Newport Beach. The two
cities occupy the plateau area which rises about 40 feet above the
shoreline. Adjacent to the river on the northeast side of the Pacific
Coast Highway is a degraded marsh area used for oil production. The
shoreline is a continuous beach broken by the Santa Ana River jetties,
and the beach is about 700-800 feet wide. The beach upcoast of the
river (Huntington Beach) is maintained by the California State Parks and
Recreation while the beach downcoast (Newport Beach) is maintained by
the City of Newport Beach. The existing Santa Ana River mouth is
composed of four stone jetties separating the Talbert,
Greenville-Banning, and the Santa Ana River channel ocean outlets.

2-02 The center and main channel is the Santa Ana River flood-control
outlet. The downcoast outlet is the Greenville-Banning and the upcoast
outlet is the Talbert Channel. See photo 1, page B-I-2.

Santa Ana River Jetties

2-03 The Santa Ana River jetties consist of two rubble mound structures
from Pacific Coast Highway (PCH) to the ocean, terminating near the low
water line on Huntington Beach, a distance of about 903 feet. The two
jetties form the main channel of the Santa Ana River. The east jetty
(downcoast) is about 850 feet long. The west jetty (upcoast) is about
480 feet long and connects with a vertical concrete wall about 420 feet
long to PCH. The crest elevations of the two jetties are about +10 feet
mean sea level (MSL). The river side slopes of the yetties is 1V on 2H
and 1V to 1.75H on the back side.
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Shoaling of Santa Ana River

2-04 The Santa Ana River jetties were constructed in 1958, to convey
floods from the Santa Ana River to the ocean. The width of the river
varies from about 170 feet at PCH to about 320 feet at the ocean. The
invert of the river was excavated to a -4.76 feet MSL or -1.96 feet mean
lower low water (MLLW) by Orange County Flood Control District during
the construction of the two jetties in 1958. Since 1958, the river
mouth has shoaled with littoral material to an estimated elevation of
+5.0 feet MSL or +7.8 feet MLLW. The Flood Control District often times
has to remove portions of the littoral material during the summer months
in the riverbed to provide a low flow channel for tidal exchange in the
river.

2-05 A river mouth closure study was made by Tekmarine, Incorporated,
Sierra Madre, California, for the Los Angeles District in 1986. Fifteen
aerial photographs taken between June 1974 and July 1985 were analyzed.
Six of the photos were taken during the summer (May-Oct) and nine were
taken during the winter months (Nov-Apr). The analysis indicated that
the Santa Ana River was open on 11 occasions (73 percent). The analysis
also indicated that when the Santa Ana River mouth was closed, the sand
plug appeared to have been created by littoral material moving to the
northwest (upcoast direction).

Talbert Channel Jetty

2-06 The Talbert Channel Jetty is a rubble mound structure about
200 feet long that begins near the low water line on the State Beach
extending landward to join with the stone revetment of the Talbert
Channel. The crest elevation of the Jetty is about +10 feet MSL. The
slopes of the Jetty is 1V to 2H on the channel face and 1V to 1.5H on
the back side.

Shoaling of Talbert Channel

2-07 The rubble mound Jetty and stone revetment on the upcoast end of
the Talbert Cl. inel and the Santa Ana River west Jetty form the ocean
outlet for the Talbert Channel. The outlet is about 880 feet long from
PCH to the ocean. Talbert Channel is a trapezoidal earth channel that
was constructed by Orange County Flood Control District in the 1960's to
collect and convey local storm runoff in the cities of Fountain Valley
and Huntington Beach to the ocean, a distance of about 5.7 miles. The
outlet channel is about 70 feet wide. The Talbert Channel outlet is
opened to the ocean about 93 percent of the tin:e for tidal exchange. On
the occasions when the outlet was closed, the sand plug appeared to have
been created by littoral material moving to the southeast (downcoast
direction).
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III. TIDES

3-01 The tides along the Pacific Coast have a semidiurnal inequality.
Tidal data for the Santa Ana River and vicinity are given in the
following table 1:

Table 1. Tidal Data.

Location Mean Range Feet Diurnal Range Feet

Balboa (ocean pier) 3.6 5.3
Santa Ana River Entrance (inside) 2.4 3.3
Los Patos (Warner Avrnue bridge) 3.4 4.7
Long Beach, Outlet Harbor Pier A 3.7 5.3

3-02 The mean tidal range is the difference in height between mean high
water and mean low water. The diurnal range is the difference in height
between mean higher high water and mean lower low water. The maximum
annual tide range is from minus 1.9 feet to plus 7.3 feet (MLLW).

3-03 At the Newport Bay Entrance is the closest tide station for which
long-term records have been obtained (July 1955 to the present). The
most recent tidal elevation data available for the Newport Bay Entrance
station are summarized in the following table 2. All elevations are
based upon the 1960-1978 tidal epoch with the exception of Extreme High
and Extreme Low Water, which represent the historical maximum and
minimum water levels recorded at the station.

3-04 The Mean Sea Level Datum (0.0 MSL) is equal to +2.8 feet Mean
Lower Low Datum (+2.8 MLLW) for the Newport Bay Entrance.
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Table 2. Tidal Elevations at Newport Bay Entrance.

Extreme High Water. 7.86 ft mllw
Mean Higher High Water 5.40 ft mllw
Mean High Water 4.65 ft mllw
Mean Tide Level 2.79 ft mllw
Mean Sea Level 2.76 ft mllw
Mean Low Water 0.93 ft mllw
Mean Lower Low Water 00.0 ft mllw

Note: Station located at 33036'N; 117 0 53'W.
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IV. CLIMATE

Temperature and Precipitation

4-01 Average daily minimum/maximum temperatures (degrees Fahrenheit)
range from 46/63 in winter to 63/74 in summer. All-time low/high

extremes of temperature are about 27/110. The area does not experience
significant periods of freezing temperatures. Normal annual precipitation

over the Lower Santa Ana River ranges from about 10 to 12 inches.

General Winter Storus

4-02 Most precipitation over southern California coastal drainages
occurs during the cool season, primarily from November through early
April, as mid-latitude cyclones from the north Pacific Ocean
occasionally move across the West Coast of the United States to bring
precipitation to southern California. Most of these storms are of the
general winter type, with hours of light to moderate-steady
precipitation, but with occasionally heavy showers or thunderstorms
embedded. Although these storms frequently produce significant snow in
the upper Santa Ana River basin and other high-altitude drainages above
6,000 feet, snowfall and snowmelt are almost non-existent in the Lower
Santa Ana River basin.

Local Thunderstorms

4-03 Local thunderstorms can occur in southern California at any time

of the year, but are least common and least intense during the late
spring. These types of storms occur fairly frequently in the coastal
areas during or just after general winter storms. They can also occur
between early July and early October, when desert thunderstorms
occasionally drift westward across the mountains into coastal areas,
sometimes enhanced by moisture drifting northward from tropical storms
off the west coast of Mexico. Local thunderstorms can also occur
throughout the fall, as upper-level low-pressure centers sometimes
trigger left-over summer moisture. These local thunderstorms can at
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times result in very heavy rain for short periods of time over small

areas, causing very rapid runoff from small drainages. Intense
thunderstorms can also be accompanied by hail and strong, very erratic
winds. On a rare occasion, a severe thunderstorm can spawn a small
tornado or waterspout in southern California.

General Sumer Storms

4-04 General summer storms in southern California are quite rare, but
on occasion a tropical storm from off the west coast of Mexico can drift
far enough northward to bring rain, occasionally heavy, to southern
California, sometimes with very heavy thunderstorms embedded. The
season in which these storms are the most likely to significantly affect
southern California is mid-August through early October, although there
have been some effects in southern California from tropical storms as
early as late June and as late as early November.

4-05 On rare occasions, southern California has received light rain

from non-tropical general summer storms, some of which have exhibited
some characteristics of general winter storms.

Wind

4-06 The prevailing wind in northern Orange County is the sea breeze.
This gentle onshore wind is normally strongest during late spring and
summer afternoons, with speeds over the Lower Santa Ana River basin
normally 10 to 15 miles per hour. The prevailing wind near the mouth of
the Santa Ana River between April and November is west to west-southwest
about 7-9 mph. The Santa Ana is a dry desert wind that blows from out
of the northeast, most frequently during late fall and winter. Santa
Ana winds over the Lower Santa Ana River basin typically average 15 to
20 mph, with gusts to 30-35 mph. On frequent occasions, however, these
winds can reach 40 to 45 mph with extreme gusts to 65 mph or greater.
These winds are sometimes accompanied by considerable blowing dust and
sand.

4-07 Rainstorm-related winds are the next most common type in southern
California. Winds from the southwest ahead of an approaching storm
average 20-25 mph, with occasional gusts to more than 40 mph. West to
northwest winds behind storms often exceed 25 mph, with gusts to 35 mph,
but on occasion can rival the Santa Ana winds for speed and gustiness.

Evaporation

4-08 Few formal studies of evaporation have been made in Orange County.
Studies from nearby locations indicate that mean daily evaporation
ranges from about one-quarter inch in winter to about one-half inch in
summer. On days of very strong, dry Santa Ana winds, evaporation can be
considerably greater than one inch.
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Fog

4-09 Dense Fog is fairly common along the southern California coast,
especially during the late fall and winter months. On occasion,
visibility along the coast between Newport Beach and Seal Beach can
decrease to less than 100 feet during the night and early morning

hours. Foggy days average about 1 to 2 per month during November,
December, and January. During the late spring and early summer, a low
cloud deck, some known as "high fog" is prevalent in coastal southern
California during night and morning hours, but visibility is seldom
reduced to less than 1 mile.
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V. WAVE CLIMATE

Wave Exposure Windows

5-01 The section of coastline where the Santa Ana River discharges into
the Pacific Ocean is protected to a significant degree from open ocean
wave attack by the sheltering effects afforded by the offshore islands
of San Clemente, Santa Catalina, San Nicolas, San Miguel, Santa Rosa,
Santa Cruz, and, to a lesser extent, Anacapa and Santa Barbara. The
shielding provided by the coastline orientation also limits direct wave
approach from the northwest direction, since Point Fermin effectively
precludes northern hemisphere swell or sea from propagating down the
Santa Barbara Channel and into San Pedro Bay (see fig. 1).

5-02 Northern hemisphere swell generated by storms on the North Pacific
Ocean can approach the Santa Ana River mouth study region from basically
two wave exposure windows. The first window permits northern hemisphere

r swell propagating from essentially a westward direction to pass through
the Santa Cruz Basin between San Nicolas and Santa Cruz Islands, cross
the San Pedro Channel, and approach the coastline of interest.

4 This exposure window extends from about azimuth 265 deg to about azimuth
277 deg. A second wave exposure window permits northern hemisphere
swell generated by storms on the North Pacific Ocean, and southern
hemisphere swell generated by storms on the South Pacific Ocean, to
reach the Santa Ana River mouth region from southerly directions. Such
swell passes between the mainland coast of southern California and San
Clemente and Santa Catalina Islands, traverses the Gulf of Santa
Catalina, and impacts the study area. This exposure window extends from
the coastline in a southerly direction with an aziumuth of approximately
155 deg to an azimuth directed from the study region toward San Clemente
Island, an azimuth of approximately 200 deg. Saa waves can approach the
study region from all directions of possible generation from about
azimuth 155 deg to about azimuth 277 deg.
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Wave Data Sources

MARINE ADVISERS (1961)

5-03 Wave hindcasts have been prepared by Marine Advisers (1961) for
three specific locations in deep water off the southern California
coastline, one of which (Station A) is located in the open ocean beyond
the sheltering islands. Station A is located approximately 65 nautical
miles southwest of San Clemente Island, and is exposed to open water
influences from southeast through west to north-northwest. Station A is

considered to be representative of conditions outside the offshore
islands. Wave hindcast frequency of occurrence data have been developed
at Station A for sea, northern hemisphere swell, and southern hemisphere
swell, for 3 years of record (1956-1958). Marine Advisers (1961)
Station B is located approximately 8 nautical miles off Newport Beach in
sheltered deep water. Decayed sea data from Station A were transferred
past the sheltering islands and combined with locally generated sea to
produce a sea wave climate at Station B which consisted of decayed plus
local sea arriving from southeast through northwest directions. These
decayed and local sea hindcast wave data of Station B are an indication
of relatively short period waves which exist in the Gulf of Santa
Catalina and San Pedro Channel, and which may approach the shore of
southern California near the Santa Ana River mouth region. Station B
also contains information regarding sheltered northern hemisphere swell
and southern hemisphere swell which was transferred past the offshore
islands by numerical techniques capable of deducing the reduction in
wave height and sheltered direction of approach after passing the
islands.

NATIONAL MARINE CONSULTANTS (1960)

5-04 National Marine Consultants (1960) also developed hindcast wave
statistics for sea and northern hemisphere swell at Station 7 in deep
water off the coast of southern California, for the same 3 years of
record (1956-1958). Station 7 is located in the Santa Cruz Basin
between San Nicolas Island and Santa Cruz Island, due west of San Pedro
Bay. During the development of the hindcast wave statistics at
Station 7, consideration was given to the effects of San Nicolas Island
to the south, and to Santa Cruz and Santa Rosa Islands to the north.
Hence, the resulting hindcast sea and northern hemisphere swell
statistics deduced for Station 7 which arrive from a westerly direction
propagate directly across the San Pedro Channel and approach the
coastline of southern California in the vicinity of the Santa Ana River
mouth region.

WAVE INFORMATION STUDY

5-05 A new generation of hindcast wave data are being developed for the
Pacific Coast of the United States by the Wave Information Study (WIS)
of the U.S. Army Engineer Waterways Experiment Station (WES), for a much
greater time period than the 3 years of record used by Marine Advisers
(1961) and National Marine Consultants (1960). WIS has computed the
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wave climatology of sea and northern hemisphere swell for the U.S.
Pacific Coast for three different phases, utilizing 20 years of record

(1956-1975) computed at 3-hour intervals. Phase I data have been
computed with a grid spacing of 120 nautical miles, and have established
35 stations located near the Pacific coastline. Phase II data have been
computed for 53 stations closer to the shore than the Phase I stations.
The Phase II grid spacing was established at 30 nautical miles, to
provide a better representation of the effects of the geometry of the
coastline (but not the effects of the offshore islands) on wave
generation near the Pacific coast. Phase III nearshore wave
transformation data have been computed for 134 stations from the
Canadian border to Point Conception, with each coastal segment being
approximately 10 nautical miles in length. The nearshore wave
transformation procedures applied to the coastal region between the
Canadian border and Point Conception are not applicable to the sheltered
Southern California Bight region adjacent to the Santa Ana River mouth
region of southern California. Actual nearshore wave hindcasting is
presently being performed for the Bight with a much finer grid
(10 nautical miles and 5 nautical miles) than that previously used in
Phase II hindcasting. Efforts are presently underway to make the
nearshore wave hindcast data available for the Southern California
Bight, and thus for the San Pedro Channel, San Pedro Bay, and the Gulf
of Santa Catalina. Southern Hemisphere swell are also being developed
as part of this effort. Upon completion, this WIS study will provide
the most complete and detailed wave climate of any coastal region of the
nation for the Southern California Bight. Several wave roses are shown
in figures 2 through 5.

Vave Conditions

5-06 Wind-generated surface gravity waves produce the most powerful
wave forces to which coastal structures are subjected (except for
seismic waves). In the absence of a wave gaging program at the project
site, the wave characteristics are usually determined by hindcast

methods in deep water and then analytically propagated shoreward to the
structure. This method has been applied for the Santa Ana River, where
the deep water unsheltered wave hindcast data of Marine Advisers (1961)
Station A for southern hemisphere swell, and National Marine Consultants
(1960) Station 7 for northern hemisphere swell, and Marine Advisers
(1961) Station B decayed and local sea have been utilized. Adjustments
for island sheltering effects were also included. The deep water waves
were then refracted and shoaled by numerical wave propagation methods,
resulting in a frequency of occurrence of waves of various heights,
periods, and directions of approach at the project area. This analysis
is detailed by U.S. Army Engineer Waterways Experiment Station (WES)
Technical Report HL-80-9, 1980. Western and southern wave exposures of
the Santa Ana River study area are shown in figure 1.

)
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5-07 It was determined by Hales (1980) that the Santa Ana River mouth
regio is exposed to southern hemisphere swell arriving from azimuths
155 degrees to 200 degrees, with unrefracted sheltered deepwater
significant wave heights ranging up to 4 feet. These heights, even with
periods up to 20 seconds, are not adequate to inflict significant
structural damage. Northern hemisphere swell arrives from azimuths
265 degrees to 277 degrees, with unrefracted sheltered deepwater
significant wave heights ranging from 13 feet to 15 feet, and associated
periods of 10 seconds to 14 seconds. These waves are capable of causing
extensive structural damages; however, water depth-limiting conditions
on wave heights reduce these extreme wave heights through the breaking
process, and such excessive wave heights never break directly on the
rubble structure. Shorter-period, locally generated waves with
correspondingly large heights exist periodically in deep water off the
Santa Ana River mouth region, but the depth-limited breaking process
prevents these local sea from striking the structures with extremely

high waves. The actual damage caused by the depth-limited breaking wave
is inflicted by northern hemisphere swell instead of locally generated
sea. Breaking wave damage increases with wave period, other factors
remaining constant.

Wave Frequency

5-08 Damage to rubble mound structures is usually progressive, and an
extended period of destructive wave action is required before a
structure ceases to provide protection. It is, therefore, necessary
in selecting a design wave to consider both frequency of occurrence of
damaging waves and economics of construction and rehabilitation. The
highest waves with the longest periods which occur with some significant
discernible degree of frequency at this location are the 10.0-12.0
second waves (0.05 percent occurrence) and the 12.0-14.0 second waves
(0.09 percent occurrence) approaching from a westerly direction
(azimuth = 270 degrees) (table 3).

5-09 These data are Station 7 data from National Marine Consultants,
(1960). Source: Hales (1980).

Design Stillwater Level

5-10 The actual wave conditions at a structure site at any time depend
critically on the water level. Consequently, a design still water level
must be established in determining the maximum wave forces on a
structure. For the Santa Ana River project, the design still water
level (SWL) has been established at +7.0 feet MLLW, or +4.2 feet MSL.
The design still water level is based on the 1986 high and low water
predictions at the Long Beach (Outer Harbor) station by the National
Oceanic and Atmospheric Administration (NOAA). The NOAA predicted that
a tide level of 7 feet would be exceeded eight times in 1986, once in
January, twice in June and December, and thrice in July. The high water
prediction by NOAA for 1986 range from 7.0 to 7.3 feet. The extreme

high-water level observed by NOAA was 7.86 feet on January 28, 1983.
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Table 3. Frequency of Annual Occurrence in Percent

of Year, Northern Hemisphere Swell; Santa
Ana River Mouth, California.

Deepwater Approach Azimuth = 2590 - 2810

Significant
Wave Height, Wave Period, seconds
Feet 6-7.9 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9 18+

1.0-1.9 0.02 0.48 0.23 0.02 0.05
2.0-2.9 0.88 2.07 1.06 0.62 0.35 0.11 0.02
3.0-3.9 0.42 0.87 0.50 0.35 0.02 0.09 0.02
4.0-4.9 0.16 0.48 0.23 0.09 0.12 0.02
5.0-5.9 0.12 0.28 0.32 0.114 0.10

6.0-6.9 0.31 0.32 0.12 0.07 0.05
7.0-8.9 0.22 0.32 0.20 0.02
9.0-10.9 0.02 0.23 0.16 0.10

11.0-12.9 0.17 0.02 0.07 0.02
13.0-14.9 0.05 0.09
15.0-16.9

Design Wave

5-11 The proposed Santa Ana River jetties and training dike will
terminate at the river mouth in approximately the same location as the
existing stone jetties at a depth of about -4.0 feet MLLW. The head
sections of the jetties and training dike will be subjected to the full
force of ocean waves generated on the Pacific Ocean and propagating past
the offshore sheltering islands toward the coastline. Because of the
reduction in height afforded by the islands, the waves which finally
reach shore will be limited in height to the maximum wave sustainable in
water at that specific depth. The forces created by these depth limited
breaking waves will constitute the greatest wave forces which the
structure will be expected to withstand. These maximum wave forces may
arrive simultaneously with extreme high tide and flood conditions on the
river, resulting in a larger resultant total force on the structure
elements.

5-12 In determining the design wave for the Santa Ana River jetties and
training dike, it is assumed that the flood control channel will be
excavated to an invert elevation or -4 feet MLLW at the toe of the end
of the jetties, and excavation will be maintained horizontally (m = 0)
until this elevation intersects the existing beach slope seaward of the
structure. Hence, the greatest water depth will occur when the SWL is
at +7 feet MLLW immediately after construction of the flood channel to
an elevation of -4 feet MLLW (assuming the channel does not degrade
below the design invert elevation). This maximum still water depth will
be 11 feet. The largest wave height which can be maintained in water
11 feet deep on a horizontal slope is about 9 feet (H = 0.78 x 11).
Table 3 indicates the 14 second wave occurs with significant regularity.
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Thus, the 14 seconds, 9 feet breaking wave is considered to be the

design wave for the Santa Ana River jetties and the training dike.

Other sections further upstream between the ocean and the Pacific Coast
Highway will experience broken or diffracted waves of lesser magnitude.

5-13 The design wave at the ocean end of the Santa Ana River jetties

(14 sec. 9 ft. breaking wave) is the extreme worst wave condition to be
reasonably expected under conditions of complete channel excavation.
When this excavated channel shoals to some extent by longshore transport
of littoral material in the surf zone or by river transport from
upstream, the breaking wave conditions on the structure will be reduced
from the maximum valued produced by the design wave height of 9 feet.
The actual wave forces depend on the actual wave height, which in turn
depends on the actual water depth at the local site.

5-14 Because of inherent instabilities in the breaking process, and

since waves will approach at a range of angles to the shoreline (up to
plus or minus 30 degrees), breaking of the design wave (14 sec., 9 ft.
breaking wave) may not always occur precisely at the tip of the rubble
structure head section. However, breaking of the design wave should

occur within about 200 feet of the river entrance. That is, all
breaking of the design wave should take place before it propagates

upriver past west jetty station 9+60 (east jetty sta. 10+30). Hence,
the design wave (14 see., 9 ft. breaking wave) is utilized for both the
rubble structure head section and structure trunk section (west jetty

stas. 7+90 to 9+60 and east jetty stas. 8+60 to 10+30).

5-15 The wave height reduction by diffraction upriver from the rubble

structure head section was estimated by graphical methods for
non-breaking waves as discussed in the Shore Protection Manual (1984).
For breaking waves, after breaking, the reformed wave height is
estimated to be approximately equal to 40 percent of the local water
depth. The broken and reformed wave height will be 0.4 x 11.0 = 4.4
feet, say 5 feet, upriver beyond the trunk section (west jetty stas. 9+60
to 11+90 and east jetty stas. 10+30 to 12+60). This value is larger

than a non-breaking diffracted wave upriver between the jetties, and is
used to design the riprap for the embankment of the jetties. Further up
the channel, waves get smaller. Between west jetty stations 11+90 and
13+52 (east jetty stas. 12+60 to 14+22) waves will be about 3 feet high.
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VI. LITTORAL TRANSPORT

Condition of Existing Beaches

6-01 The region of southern California coastline encompassed by a study
of littoral transport past the Santa Ana River mouth should commence at
approximately the eastern end of the Los Angeles-Long Beach Harbor
complex (Anaheim Bay east jetty) and extend southeasterly for a distance
of approximately 17 miles to the Newport Bay west jetty. This region is
so distinctly separated from the adjacent coastlines by Point Fermin on
the north and the Newport Submarine Canyon on the south that it can be
effectively considered as a littoral cell, referred to as the San Pedro
Littoral Cell by Inman (1976) (see fig. 6). A littoral cell is defined
as a coastal segment that contains a complete sedimentation cycle
including sources, transport paths, and sinks. This region of coastline
satisfies these requirements: i.e., the source being the feeder beach
located immediately east of Anaheim Bay (Surfside-Sunset Beach) and
infrequent transport to the beach by flooding of the Santa Ana River;
the transport path being the surf zone energized by breaking waves; and
the ultime sink to the south being either the Newport Submarine Canyon
or the shoal region off the Newport Beach region.

6-02 The direction of net longshore transport of littoral material in
this vicinity is considered to be southerly by most researchers (Emery,
1960; Shepard and Wanless, 1971; Inman, 1976; Hales, 1980). Any
material that may be drifting south past Point Fermin will be deposited
in the deep water of San Pedro Bay outside the Los Angeles-Long Beach
Harbor breakwaters. Correspondingly, any littoral material drifting
south past the Newport Beach groin field will either be lost down the
Newport Submarine Canyon, or deposited in deep water on the shoal region
of the continental shelf located on the west side of the Canyon (Felix
and Gorsline, 1971).
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6-03 Since construction of the Anaheim Bay east jetty in 1944, serious
erosion of the beaches at Surfside-Sunset Beach has been a continually
recurring problem that has necessitated the periodic placement of
nourishment material to maintain an acceptable beach for recreation, and
for protection of private and public property. The average annual rate
of erosion in this area (based on placement volumes and hydrographic
surveys) in recent years has been on the order of 300,000 cubic yards
per year. Indications are that the net annual littoral drift of
material in surf zone is in a southerly direction. Periodic
renourishment of the Surfside-Sunset Beach region serves as feeder beach
material for Bolsa Chica State Beach, Huntington Beach, and Newport
Beach.

6-04 The Santa Ana River enters the Pacific Ocean at the lower
extremities of the littoral cell, and has historically contributed a
significant amount of sediment to the surf zone. However, in recent
years, periods of prolonged drought and the construction of floodwater
retarding structures on the river have drastically reduced the amount of
river-transported sediment to the ocean. Reduction in the supply of
sand to the beaches carries the potential for serious beach erosion.
This potential for erosion has been alleviated by extensive beach
nourishment at Surfside-Sunset Beach.

6-05 The Santa Ana River mouth region lies immediately upcoast of the
Newport Beach groin field. Here, the beaches are relatively wide and
stable. The existence of the wide beach upcoast of the Santa Ana River
mouth toward Huntington Beach is attributed by Simons, Li, and
Associates, Inc. (1987) to the stabilizing control afforded by the
location of the west jetty to Talbert Channel, and to the volume of net
downcoast movement of littoral material in the surf zone. Immediately
after the construction of the west jetty to Talbert Channel, the fillet
accumulation against the jetty gradually extended upcoast asymptotically
until the existing Huntington Beach shoreline reached a position of
dynamic equilibrium. In general, the beach is approximately ±600 feet
wide on the upcoast side of the Santa Ana River mouth, and remains at
this width because the downcoast end of this segment is fixed at the
west jetty to Talbert Channel, and because the adequate nourishment
placed on Surfside-Sunset Beach sufficiently reestablishes the
asymptotic dynamic location of Huntington Beach following each winter
and summer beach cyclic movement offshore and onshore, respectively.

6-06 Further south, the beach near Newport Beach has been stabilized
with a groin field, and is approximately t400 feet wide in this region.
The groin field is located immediately north of the Newport Submarine
Canyon. This prevents the apparent southerly net movement of littoral
drift from depleting the beaches, as it moves either down the Newport
Submarine Canyon or onto the shoal adjacent to the Canyon located
offshore of the groin field. In either event, this net southerly
transport of littoral material is removed from the littoral system, and
the reversal in transport direction to the north during summer months
would deplete the southern portion of the San Pedro littoral cell were
it not for the existence of the Newport Beach groin field.
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Littoral Transport Estimate

6-07 Potential longshore sediment transport is defihed as the amount of
littoral material that a specific wave climate will transport past a
region in the presence of an unlimited source (supply) of material.
When the feeder beach at Surfside-Sunset Beach has b~en nourished, an
essentially unlimited supply of material exists f i tr) sport downcoast
past the Santa Ana River mouth region, and on towards the Newport
Submarine Canyon and eventually out of the system. Because of the
necessity for maintaining a protective beach in the Surfside-Sunset
Beach region, ensuing stable beaches result downcoast, and the actual
longshore sediment transport past the Santa Ana River mouth region
approximates the potential longshore sediment transport of the area.

6-08 Hales (1980) estimated the net longshore transport of littoral
material in the surf zone to be toward the southeast with a magnitude of
approximately 112,000 cubic yards per year (see table 4). The results of
that study compare favorably with historical beach nourishment data for
the Surfside-Sunset Beach area (Simons, Li, and Associates, Inc., 1987).
This agreement suggests that these littoral estimates provide a
reasonable approximation of the actual longshore transport rates. These
littoral estimates compare favorably with estimates developed from more
recent wave hindcast data by WIS (Phase IT), although the definition of
sea and swell may not be entirely consistent between the older wave
hindcast data of Marine Advisers (1961) and National Marine Consultants
(1960), and the more recent WIS data by WES.

Consequence of Littoral Transport Disruption

6-09 For a computational reach of southern California shoreline
centered on the Santa Ana River mouth, the net longshore transport of
littoral material in the surf zone is toward the southeast, with a
magnitude of about 112,000 cubic yards per year on an average annual
basis. In consequence, any major disruption of the dynamic equilibrium
which presently exists in this region (such as the construction of a
long jetty across the surf zone) is likely to cause erosion in the
Newport Beach area unless beach nourishment material is placed on the
beach south of the Santa Ana River mouth, and in the Newport Beach groin
field for that period of time when the Huntington Beach shoreline is
responding asymptotically to any lengthened jetty structure across the
surf zone. Both the magnitude and direction of longshore transport
exhibit distinct seasonal variations, with strong transport toward the
southeast dominating in the winter months (January through April), and
moderate transport toward the northwest occurring in the summer months
(July through October). This annual cycle implies that littoral
material would possibly have the capacity for temporary closure of the
entrance to the Santa Ana River.
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VII. LITTORAL TRANSPORT

Sources of Littoral Material

7-01 The region of coastline between the Anaheim Bay east jetty and the
Newport Submarine Canyon is essentially a semi-closed system in that
major sources of littoral material input are restricted to two finite
locations (assuming no significant onshore movement of material from
deep water by wave energy). The more significant source of material to
the system is the feeder beach region at Surfside-Sunset Beach. Here,
it is estimated that, on the average, approximately 360,000 cubic yards
of material are placed annually.

7-02 A less significant source of material to the system is riverborne
sediment transport by the Santa Ana River. The significance of this
source is limited both by the volume of material transported, and by the
location of the river mouth near the downcoast extremity of the littoral
cell, which experiences a large downcoast movement of material in the
surf zone. Any volume of material transported to the coast by the river
which is less than the difference between the average annual downcoast
transport of littoral material and the average annual net transport will
be carried out of the system by deposition into the Newport Submarine
Canyon, or placed on the continental shelf adjacent to the Canyun. No
river mouth delta will form under these conditions. Only under extreme
floodflow conditions on the river will significant quantities of
riverborne sediment be transported to the coast sufficient for delta
creation. It has been estimated by the Los Angeles District (1987) that
for the period 1941-1978, sand outflow to the coast by the Santa Ana
River was 80,000 cubic yards per year, on the average. The amount of
sand outflow for future years without project is estimated to be only
25,000 cubic yards per year, on the average. With project, the sand
outflow to the ocean for future years is estimated to increase to
36,000 cubic yards per year, on the average.

7-03 The ultimate repository for all littoral material removed from the
system is the open ocean. Material which disappears from the beach will
either be transported alongshore and out of the littoral cell by
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movement down the Newport Submarine Canyon, or will be carried offshore
by wave forces and deposited in shoal regions sufficiently far from
shore to preclude returning to the nearshore zone.

Beach Materials

7-04 It is generally considered that, subsequent to the construction of

the Anaheim Bay east jetty in 1944, materials comprising the dynamic
surf zone portion of the beaches downcoast to the Santa Ana River mouth
have originated as nourishment material placed on Surfside-Sunset Beach.
The beaches between the Santa Ana River mouth and Newport Beach consist
of a combination of materials, including materials placed on Surfside-
Sunset Beach, riverborne sediments transported to the coast by the Santa
Aria River, and by placement material used to fill the Newport Beach

groin field. Sediment samples were taken from the foreshore slope and
backshore of Surfside-Sunset Beach (U.S. Army Engineer District, Los
Angeles, 1978) and subjected to mechanical analyses. Results of the
analyses indicated that the exposed area of the beach was composed of
extremely clean, predominantly medium to coarse grained sand. Those
samples contained fines no greater than 2 percent. The subtidal zone of
the sandy beach shoreline became more silty. The higher percentage of
fines in the subtidal zone appeared to be the result of previous beach
nourishment operations, although much of this fine material could have
been washed by wave action from the surf zone and transported
offshore. Mechanical analyses of samples taken from Surfside-Sunset
Beach in 1987 also indicated a similar trend toward finer grained
materials offshore (U.S. Army Engineer District, Los Angeles, 1987c).

Offshore Materials

7-05 An offshore source of beach material designated Borrow Area B for
nourishing Surfside-Sunset Beach is centered 6,900 feet off Sunset Beach
(U.S. Army Engineer District, Los Angeles, 1978). This source lies on
the shoreward boundary of an area previously determined by the U.S. Army
Coastal Engineering Research Center to contain suitable beach
material. That area designated as Area A-II is approximately 7 miles
long by 2 miles wide, extending from Seal Beach to Bolsa Chica State
Beach. That offshore sand inventory indicated that 220,000,000 cubic
yards of suitable sand exists in the area adjacent to Borrow Area B. As
is characteristic of San Pedro Bay, the ocean floor encompassing Area
A-I is uniformly flat and slopes an average of 0.3 percent. Within
Borrow Area B, the floor is also relatively flat, varying from a minimum
depth of -31 feet to -41 feet MLLW. No extreme irregularities were
found to exist within this borrow area.

7-06 Exploration of Borrow Area B by Los Angeles District, (1978)
indicated that the area is covered with a gray, slightly silty, medium
grain sand extending to the first silt or clay stratum. These silt and
clay strata vary in thickness from 6 inches to 6 feet, are laterally
discontinuous, and occur at depths ranging from 3 feet to over 20 feet.
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They would not be suitable for use as beach replenishment; only that
sand above the first stratum would be considered suitable. The
statistical average of fines is 9 percent in the available material for
the total borrow area. Laterally, indications were that the shore side
of the borrow area should be avoided because of the more shallow clay
strata and the greater percentage of fines in the sand. The better
material tends to occur seaward and toward the south corner. It was
estimated that dredging a section to 20-foot depth and 1,000 feet wide
from this region would produce 1.75 million cubic yards of suitable
material.

7-07 A study by the University of Southern California for the State of
California (Osborne, et al., 1983) defines sand borrow source materials
for the offshore region of the San Pedro Littoral Cell. That study
indicated that 13 test holes were drilled offshore, a distance of 3,000to 18,000 feet between the Huntington Beach Pier and the Newport Beach

Pier. A sand borrow area exists between Huntington Beach Pier and the
Newport. Beach Pier, with approximate dimensions of 10,000 feet by
8,000 feet and 6 feet deep, which would yield about 17,000,000 cubic
yards of material. The area lies between the 35- and 130-foot MLLW
contours. The upcoast and downcoast limits are 12,000 and 4,000 feet,
respectively, upcoast of the Newport Beach Pier, and parallel to the
shoreline. The seaward limits extend 2,500 to 12,500 feet offshore.
Although that study does not provide the depth or detailed material
descriptions of each hole, the study report does indicate that the
sediments encountered in the test holes are either suitable or
marginally fine sand that could be used for beach replenishment (Los
Angeles District, 1987).
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VIII. SEDIMENT BUDGET

Newport Littoral Cell

8-01 Everts (1987) noted that the southeastern one-half of the
contigious San Pedro Littoral Cell also satisfies the requirements for

being identified as a littoral cell, and termed this portion the Newport
Littoral Cell (see fig. 6). The Santa Ana River discharges into the
Pacific Ocean at about the southeastern one-third portion of the Newport
Littoral Cell. Before 1899 the San Pedro Littoral Cell extended from
Point Fermin to Corona Del Mar. However, since that time, the northern
half of the cell has been greatly modified. Today, coastal processes

north of Anaheim Bay are essentially completely controlled by artificial
structures. Waves are effectively blocked by the Los Angeles-Long Beach
Harbor complex breakwaters, thereby eliminating littoral sediment

transport behind the structures. Sand delivery to the cell by the Los
Angeles and San Gabriel Rivers has been significantly reduced by the
construction of sediment impoundment and flood control structures on the
rivers. The jetties at Anaheim Bay essentially eliminate all transport
of littoral material from the west into the Newport Littoral Cell.
Hence, the coastal processes aspects pertaining to sand supply of the
Newport Littoral Cell are dominated by beach nourishment projects and
the minimal supply of sediments to the coastline by the Santa Ana River
(see fig. 7).

Shoreline Changes

8-02 The Newport Littoral Cell is bounded by complete barriers to the
longshore transport of sand. Its western boundary consists of the east
jetty to Anaheim Bay, and its eastern boundary is the west jetty to
Newport Bay, although the approximately 2.5-mile section of the cell
between the Newport Submarine Canyon and the west jetty to Newport Bay
(the Balboa peninsula) may not be significant to an analysis of the
sediment budget of the Newport Littoral Cell. The shoreline of the
Newport Littoral Cell is in a state of dynamic equilibrium, with most
portions of the cell oscillating about a relatively stable position.
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Figure 7. Sediment sources, transport paths, and sinks for Newport Littoral Cell.
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The region most susceptible to shoreline change is the Surfside-Sunset
Beach renourishment region, with the change being as much as 500 feet
over 5- to 10-year periods between renourishment intervals. Other
regions of the cell show relatively insignificant changes over long time
intervals.

Nevport Littoral Cell Sediment Budget

SEDIMIT SOJRCES

8-03 The primary source of sediment to the Newport Littoral Cell is the
feeder beach renourishment area at Surfside-Sunset Beach. Renourishment
activities supply about 360,000 cubic yards per year, on the average, to
the cell. A secondary source of sediment to the Newport Littoral Cell
is riverborne transport by the Santa Ana River. Under previous
conditions, the river contributed about 80,000 cubic yards per year, on
the average. After river flood control channel improvements have been
completed, the river will contribute only about 36,000 cubic yards per
year, on the average.

TRANSPORT PATHS

8-04 The transport path for sediments of the Newport Littoral Cell is
the surf zone which is energized by breaking waves arriving from the
open ocean. For the section of relatively straight coastline from
Surfside-Sunset Beach to Huntington Beach, the net downcoast transport
of littoral material in the surf zone is estimated to be about
276,000 cubic yards per year, on the average. For the section of
relatively straight coastline from Huntington Beach to Newport Beach
groin field (past the Santa Ana River mouth), the net downcoast
transport littoral material in the surf zone is estimated to be about
112,000 cubic yards per year, on the average.

SEDIMNT SINKS

8-05 Approximately 360,000 cubic yards of material is placed on
Surfside-Sunset Beach each year, on the average; however, the wave
climate apparently is able to transport only about 276,000 cubic yards
net per year of this material downcoast. Hence, the difference between
these two quantities (84,000 cubic yards per year, on the average), is
probably being transported offshore to known regions of sand deposits.

8-06 The wave climate in the Surfside-Sunset Beach region is capable of
transporting approximately 276,000 cubic yards net per year of littoral
material, on the average. However, in the vicinity of the Santa Ana
River mouth, the wave climate is capable of transporting only about
112,000 cubic yards net per year, on the average. Since no visible

accumulation of sediments is occurring, the difference between these two
quantities (164,000 cubic yards per year, on the average), is probably
being transported offshore to known regions of sand deposits.
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8-07 The net downcoast transport of littoral materials past the Santa
Ana River mouth of approximately 112,000 cubic yards per year, on the
average, is being lost from the littoral system, either down the Newport
Submarine Canyon or onto the continental shelf to the west of the canyon
where known regions of sand deposits exist. In addition to the net
downcoast transport of littoral material of 112,000 cubic yards per
year, the wave climate is also capable of transporting that riverborne
sediment which is carried to the ocean by the Santa Ana River, as long
as the sum of the riverborne sediment plus the net downcoast transport
of littoral material in the surf zone does not exceed the gross
downcoast transport capacity of the wave field. Hence, as long as the
sediment volume carried to the Pacific Ocean by the Santa Ana River does
not exceed 237,000 cubic yards per year, on the average, the wave
climate will transport both the riverborne sediments and the net
downcoast transport of littoral material past the Newport Beach groin
field and out of the littoral system. Under severe flood conditions
where riverborne sediment transport to the coast exceeds 237,000 cubic
yards per year, temporal deltas and perturbations to the coastline in
the vicinity of the Santa Ana River mouth will develop. Such deltas and
other perturbations will dissipate as dynamic equilibrium returns to the
coastline of the Newport Littoral Cell.

(
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IX. TIDAL INLET

Existing Inlet Conditions

9-01 The recommended plan for coastal structure improvement at the
mouth of the Santa Ana River includes a relocation of the Talbert
Channel approximately 1,000 feet upcoast, with its base width expanded
from 70 feet to 160 feet. The ocean entrance of the river will be
expanded from its existing base width of 317 feet to a new base width of
450 feet, with a channel invert elevation established at -4.00 feet MLLW.

The Greenville-Banning Channel will merge with the river about 1.5 miles
upstream from the Pacific Ocean. To mitigate the loss of 8 acres of
coastal salt marsh required for river expansion, and to preserve and
enhance an 84-acre habitat for endangered bird species, the recommended
plan includes the acquisition and improvement of approximately 92 acres
of degraded marshland located east of the river immediately upriver from
the Pacific Coast Highway. To the maximum extent possible, it is also
necessary to ensure that the relocated Talbert Channel remains open to
the ocean; thereby, providing tidal exchange for a proposed 17-acre
marsh restoration, located north of the Pacific Coast Highway and
upstream from the outlet, by Orange County. It is essential to provide
tidal exchange for the planned 92-acre marsh east of the Santa Ana River
by keeping the river outlet open to the ocean. The hydraulic design of
the mouth of the Santa Ana River provides adequate flushing ability to
maintain the tidal inlet system open from the closure effects of
littoral transport in the surf zone.

9-02 The tidal range at the project site is of importance both because
it will play a central role in the design of the topography and
hydraulic inlet structures for the 92-acre marsh, and because it will
determine the energy available for scouring littoral material from the
Talbert Channel and Santa Ana River outlets during ebb tidal flow.
Tidal conditions inside the river mouth at the entrance to the proposed
92-acre marsh will depend upon the extent to which the coastal tides are
affected by head losses in the new channel, and by partial or total
blockage of the mouth by littoral material.

B-IX-1



Eristing Tides at the Marsh Entrance

9-03 Tide gauge data obtained in the Greenville-Banning Channel by the
Orange County Environmental Management Agency supports the conclusions
that the channel outlet is frequently blocked. A small water-level
fluctuation (generally less than 1 foot) occurs in the channel during
closure episodes, apparently as the result of leakage through permeable
areas in the intermediate jetties. When the channel is open to the
ocean, the tidal range is significantly less than that which occurs
along the coast. Whereas the mean tidal range at Newport Bay Entrance
is about 3.7 feet, the tidal range recorded at the gauge exceeded
1.5 feet only 46 percent of the 1983-1984 period. The primary cause of
the reduced tidal range in the channel appears to be a bar or "sill" at
the ocean outlet which obstructs the lower portion of the tidal
excursion.

Existing Tides in the Talbert Channel

9-04 Tide measurements analogous to those obtained in the Greenville-
Banning Channel are not available for the Talbert Channel or the Santa
Ana River. To provide preliminary information on the presence or
absence of a sill across the Talbert Channel outlet, the water level
upstream of the outlet was determined on 22 September 1986. Whereas the
predicted low water elevation at Newport Bay Entrance was +1.0 feet
MLLW, the measured water level in the Talbert Channel (1,000 feet
upstream of the outlet) did not fall below +2.0 feet MLLW. It thus
appears that a sill may exist at the Talbert Channel outlet, but at a
lower elevation than that which obstructs the Greenville-Banning Channel
outlet. This conclusion is consistent with the observation that the
Talbert Channel remains open far more frequently than the Greenville-
Banning Channel.

Recommnded Structure Configuration

9-05 The existing jetties at the project site will be replaced by four
new jetties; (a) two to stabilize the outlet of the widened Santa Ana
River, and (b) two to stabilize the outlet of the relocated Talbert
Channel. A training dike will also be required for the Santa Ana River
outlet.

9-06 The jetty configuration at the new Talbert Channel outlet has been
designed to minimize the closure frequency of the outlet while avoiding
significant adverse impacts on the existing littoral transport regime.
The jetties will terminate approximately 900 feet seaward of the Pacific
Coast Highway, a location analogous to that of the existing northwest
jetty in terms of proximity to the typical MLLW shoreline. The ability
of the existing Talbert Channel to remain open suggests that the new
jetties, which will also extend to the MLLW contour, will be sufficient
to assist the channel outflow in penetrating the zone of beach drift.

C
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Because the jetties will not extend beyond the present shoreline,

however, they will not impound appreciable quantities of littoral
material. It is anticipated that sand will bypass the new outlet in
much the same manner as it bypasses the existing Talbert Channel outlet,
and that the net drift of material toward the southeast will not be
materially affected. The alignment of the new jetties is approximately
perpendicular to the shoreline.

9-07 Potential sand migration through the proposed structure will not
create the sand plug presently experienced at the mouth of the river.
Both jetties and the training dike at the mouth of Santa Ana River will
terminate at proximity of the MLLW contour. Most of the littoral
transport occurs below this elevation. The sand plug is being created
almost entirely by the material moving in the littoral zone and entering
around the jetties. The small portion of the sand which will penetrate
the river through the proposed permeable training dike or the jetties

will easily be flushed by the tidal action.

Tidal Inlet and Tidal Exchange System

9-08 Historically, the Santa Ana River and Greenville-Banning Channel
have experienced frequent closure. The existing marsh relies on a
single tidal gate for exchange of tidal and riverine flows with
Greenville-Banning Channel. Tidal exchange in the marsh is extremely
poor and should be improved to support future marsh restoration plans.
On the other hand, tidal exchange in the existing Talbert Channel has
been satisfactory and should be maintained. Restoration of a 17-acre
marsh adjacent to the Talbert Channel is currently being planned by
others, and will rely on exchange of tidal and riverine flows with the
Talbert Channel.

9-09 The tidal exchange system as shown on figure 8 was analyzed by
Simons. Li, and Associates, Inc. (1987). It included the following:
(a) Training Dike No. 1, to provide a 90-foot channel in the proposed
Santa Ana River to prevent littoral sedimentation which may result from
channel widening; (b) Training Dike No. 2, located in the middle of the
proposed Talbert Channel to retain the self-cleaning capability of the
existing Talbert Channel; (c) Tidal Gate No. 1, located on the Santa Ana
River east bank above the Pacific Coast Highway to have a similar
function as the existing gate; (d) Tidal Gate No. 2, located on the
Santa Ana River east bank near the upper end of the proposed 92-acre
marsh to provide additional flow exchange to the marsh; and (e) Tidal
Gate No. 3, located at the confluence of the proposed Santa Ana River
and existing Talbert Channel to provide tidal exchange between the
proposed Santa Ana River and the proposed Talbert Channel.

9-10 Because of potential tidal exchange through Tidal Cate No. 3 and
the existing Talbert Channel between the proposed Santa Ana River and
the proposed Talbert Channel, both the 92-acre marsh and the 17-acre
marsh have an auxiliary system to provide tidal or riverine flows, if
the primary system fails to function due to unexpected closure of either
outlet. )
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9-11 Performance of the proposed tidal exchange system was carefully
evaluated and a general guideline for operation and maintenance was
recommended by Simons, Li, and Associates, Inc. (1987). With the
proposed training dike structures, the sediment flushing capability and
the river mouth opening potential of Santa Ana River and Talbert Channel
are comparable with the existing Talbert Channel. The tidal ranges in
the Santa Ana River and Talbert Channel near the proposed 92-acre marsh
and the 17-acre marsh will be increased when compared to the existing
condition. With the proposed Tidal Gates Nos. 1 and 2, and the
conceptual 92-acre marsh restoration plan, the tidal range and flow
circulation in the marsh can be significantly improved.

9-12 Training Dike No. 2 (located in the Talbert Channel) may be
deferred in construction to reduce initial cost, and to allow for
observation of performance of remaining aspects of the tidal exchange
system. This dike is not as effective as Training Dike No. 1 in
increasing the sediment flushing capability of the proposed channel.
The requirement and location of this dike can be determined based on
field observation following channel construction. During the
observation period, tidal exchange may be provided through the proposed
Santa Ana River system (with Training Dike No. 1 and Tidal Gate No. 3).
If there is a tendency for Talbert Channel to close, construction of
Training Dike No. 2 should proceed immediately.
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X. SANTA ANA RIVER JETTY DESIGN

10-01 The design of improvements recommended in this appendix is based
upon standard engineering practice, consultations with specialists in
coastal engineering oceanography and geology, and technical references
listed at the end. Plan, profile, and sections of the jetties are shown
on plate 1.

General

10-02 Rubble-mound jetties are selected as replacement for the existing
rubble-mound jetties in the Santa Ana River mouth. The rubble-mound
jetties would be acceptable to Orange County for esthetical and safety
aspect, and the character of the shoreline. Other factors for selecting
rubble-mound structures for the Santa Ana River jetties are the
availability of material, acceptable performance, depth of water, wave
action, exposure to the ocean, and construction costs.

Stability Coefficients

10-03 Stability coefficients (KD) are dimensionless coefficients used
in the determination of the weight of armor units of rubble
structures. A rubble structure is composed of several layers of
random-shaped and random-placed stones, and is protected with a cover
layer of selected armor units of either quarrystone or specially shaped
concrete units. Relatively satisfactory experience with the existing
Santa Ana River jetty design at the Pacific Ocean outlet has provided
guidance for the design of proposed channel improvements in this
region. The design of the ocean outlet includes jetty head and
structure sections comprised of rough angular quarrystone, with random
placement of two units of thickness in the armor layer. For the
structure head section designed to withstand breaking waves of 14 sec.,
9 ft. height, the stability coefficient, KD is 1.6; for the structure
trunk to withstand the same design breaking wave, the stability
coefficient, KD, is 2.0. Upriver from east jetty station 10+30 (west
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jetty sta. 9+60), non-breaking waves are expected immediately after
construction of the flood control channel. However, after normal
shoaling created by riverborne and littoral sediment transport
accumulates in the excavated channel section breaking of waves on this
section with heights less that the design 9 feet wave height may occur.
Hence, the stability coefficient for a breaking wave condition should
still be utilized in this section of rubble structure (KD = 2.0) even
though the maximum broken wave height will not exceed approximately
5 feet in height.

Side Slope

10-04 The flatter the side slope of a rubble mound structure, the more
stable the slopes will be. Side slopes should not be steeper than 1V on
1.5H. Based on empirical knowledge obtained from historical experience
with similar rubble structures under corresponding wave and tide
conditions, structure head slopes of 1V on 2H have been found to be
satisfactory, particularly in light of the fact that this slope is then
utilized in conjunction with the appropriate stability coefficient KD,
to determine the stable armor stone size. That is, a change in
structure head slope requires a compensating chance in stability
coefficient, KD, to determine the stable armor stone size. Based on
previous experience, the slopes of the head sections of the Santa Ana
River jetties from west jetty station 7+90 to station 9+60 (east jetty
stas. 8+60 to 10+30) should be 1V oh 2H in order to provide greater
assured resistance to forces from the design wave breaking directly on
the seaward end of the structure.

10-05 Upriver beyond the rubble structure head section above west jetty
station 9+60 (east jetty sta. 10+30), the side slopes of the jetty
structure trunk actually constitute the side slopes of the flood control
channel, and the armor stone also functions as channel riprap. The
stability of riprap bank revetments is affected by the steepness of
channel side slopes. Side slopes on which stone is placed by machine or
dumped should not be steeper than 1V on 2H (EM 1110-2-1601, Engineering
and Design: Hydraulic Desigh of Flood Control Channels, 1 July 1970).
Hence, the 1V on 2H side slopes utilized for the rubble structure jetty
head section will be continued for the structure trunk section upriver
between the head section and the transition section from the rubble
jetty structure to the flood control channel.

Crest Elevation

10-06 The crest elevation of the Santa Ana River flood control channel
levee has been established at +11.0 feet MLLW (+8.1 feet MSL) at the
outlet of the channel. This results in the head section of the flood
control channel having a freeboard of 4.5 feet for the design flood.

(
B-X-2



10-07 Overtopping of rubble structures such as the Santa Ana River
flood control channel terminating jetties can be tolerated only if it

does not cause damaging conditions behind the structures. Whether

overtopping will occur depends on, among other things, the wave

characteristics of height and period, and the maximum tide level. For
design SWL = +7.0 feet MLLW, and a design wave at the structure of
14 sec., 9 ft. height, minor overtopping of the jetties will occur at
these extreme wave and tide conditions. The design wave arriving at the
design SWL will overtop the seaward end of the jetties by about
0.5 feet. The frequency of occurrence of such an event is extremely low

and, additionally, such overtopping will not cause damage to the
structure or otherwise adversely affect the flood control channel or
other adjacent structure or feature of the landscape. Such minor
overtopping may not only be tolerated, it is conceivable that such
overtopping will actually be beneficial by allowing wave overflow to
backwash fillet formation sand around the tips of the jetties and be
transported back into the littoral system.

10-08 Hence, considering the low frequency of occurrence of a minor
amount of overtopping which may be actually beneficial, the crest
elevation of the terminating jetties of the Santa Ana River flood
control channel at the Pacific Ocean is considered to be +11.0 feet MLLW
(+8.1 feet MSL).

Armor Stone

10-09 The capstone forms the protective covering of the jetties and
covers the corestone, the seaward end, and both sides of the jetties.
Capstone weight, crest width, and layer thickness are important factors
in the stability of the primary cover layer. The minimum weight
requirement for individual capstones is based on the stability formula
for rubble-mound structures as follows:

3

W = WrH

KD (Sr-1) 3 cot a

Where: W = Weight of armor unit in primary cover layer, pounds

Wr = Unit weight of armor unit, pounds/cubic foot

H = Design wave height measured at the location of the proposed

structure, feet

Sr = Specific gravity of armor unit relative to sea water

a = Angle of jetty slope measured from horizontal, degrees

KD = Stability coefficient.
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The minumum required weight for individual capstone, Class A, for a
design wave of 9 feet high, a KD of i.6, a slope of 1V on 2H, and a unit
weight of stone of 160 pounds per cubic foot, is 5 tons. Therefore, the
armor stones between west jetty stations 7+90 and 9+60 (east jetty
stas. 8+60 to 10+30) can range from about 4 to 6 tons, with about
50 percent of the individual stones weighing more than 5 tons. The
armor stone layer thickness is 8 feet and the crest width is 12 feet.
Further up the channel between west jetty stations 9+60 and 11+90 (east
jetty stas. 10+30 to 12+60), the weight of individual capstone should be
3 tons and the layer thickness 6 feet. Between west jetty stations 11+90
and 13+52 (east jetty stas. 12+60 to 14+22) the weight for individual
capstone should be 2 tons and the layer thickness 5 feet. The crest
width remains 12 feet along the jetties.

10-10 The proposed jetty stone size is larger than the existing.
Design wave analysis of the Santa Ana River jetties and the training
dike resulted in the breaking 9 feet wave height. According to the
Hudson formula a 5-ton armor layer is required for stability of the
structures. Design wave conditions are constrained by a depth limited
breaking wave height. The 14 feet of water depth results from a +7 feet
(MLLW) tide and scour elevation to -4 feet (MLLW) which is also a design
invert elevation. Offshore wave conditions which can produce the 9 feet
breaking wave height can occur several times a year and are typically
associated with the winter storm season when maximum scour elevations
are expected. Therefore, it is believed that the 5-ton size stone is
justified.

Corestone

10-11 Class B stone will be used as corestone to form a dense compact
mound to support the cap stone. In accordance with SPM (1984), the
weight of the corestone is approximately one tenth the weight of the cap
stone units. The corestone is not subject to eroding forces from wave
action and will have the following gradation:

Weight of Pieces, Pounds Percent by Weight Smaller Than

1,000 100
500 80-95
200 40-60
50 5-25
10 0-5

Bedding Layer

10-12 A bedding layer is used to protect the foundation of the
rubble-mound jetties from scour and migration. The bedding layer
prevents erosion during and after construction by dissipating forces
from horizontal wave, tide, and longshore currents. A one-foot thickness

is allowed to assure that bottom irregularities are completely covered.

(
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An additional one-foot thickness is required to compensate for
disturbance by placement of larger stones, for a total bedding layer

thickness of 2 feet. The bedding stone will be quarry waste material,
reasonably well graded with the limits specified below.

Weight of Pieces, Pounds Percent by Weight Smaller Than

50 100
30 40-60
10 20-40
1 0-20

Toe Protection

10-13 Toe protection for the head of the Santa Ana River jetty was
designed against maximum scour force based on the following two
conditions, outlined in SPM (1984). The first condition is the
occurrence of water depth at the toe that is less than twice the height
of the maximum unbroken wave height. The estimated maximum unbroken
wave height is about 8 feet. The water depth at the toe at a stillwater
level of +7 feet is about 11 feet and, therefore, is less than twice the
maximum unbroken wave height of 16 feet. The second condition that
requires maximum scour force protection is a structure wave reflection
coefficient, x, that equals or exceeds 0.25, which is generally true

for slopes steeper than about 1V on 3H. The seaward slope of the Santa
Ana River jetty is about 1V on 2H and therefore, the reflection
coefficient, x, would exceed 0.25.

10-14 As a result, the two conditions in the Shore Protection Manual
(1984) govern. The toe protection would have a layer two stone thick of
stone weighing about one-thirteenth the weight of the primary armor
stone. The toe protection would be 2 feet thick and the weight of the
minimum toe protection stone will be about 400 pounds. The width of the
toe protection would be 4 feet.

Scour Protection

10-15 The riprap to protect against channel scouring caused by
floodflows was designed in accordance with procedures in appendix IV of
EM 1110-2-1601 for scour. The riprap against scouring will have a
thickness of 5 feet, a slope of 1V on 2H and will extend 10 feet below
the flood control channel invert. The stone size W5 0 will be 700 pounds
and will range from 2,800 to 90 pounds. The riprap would be connected
to the armor stone that will be extended one stone tLick (2 feet) into
the invert of the channel improvement.

B-X-5



XI. SANTA ANA RIVER - TRAINING DIKE DESIGN

General

11-01 Plan, profile, and sections of the training dike are shown on
plate 2. The training dike is designed in accordance with the design
criteria and engineering assumptions used in the design of the Santa Ana
River jetties. The design wave at the ocean end of the training dike is
the 14 seconds, 9 feet breaking wave. The stability coefficient, KD, is
1.6 for the structure head and 2.0 for the structure trunk.

Side Slopes and Crest Elevation

11-02 The side slopes are 1V on 2H. The crest elevation varies from
+5.0 feet MSL at the structure head to +3.0 feet MSL at the end of the
training dike. The crest elevations are designed to the elevation of
the existing sand plug in the river mouth.

Armor Stone

11-03 The armor stones for the training dike are 5 tons and can range
from about 4 to 6 tons, with about 50 percent of the individual stones
weighing more than 5 tons. The armor stone layer thickness is 8 feet
and the crest width is 12 feet.

Corestone

11-04 Class B stone will be used as corestone to form a compact mound
to support the capstone. The corestone would not be subject to eroding
forces from wave action and will have the following gradations.
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Weight of Pieces, Pounds Percent by Weight Smaller Than

1,000 100
500 80-95
200 40-60
50 5-25
10 0-5

Bedding Layer

11-05 The bedding layer to protect the foundation of the training dike
from undermining will be 2 feet thick. The bedding stone will be quarry
waste material, reasonably well graded with the limits specified below.

Weight of Pieces, Pounds Percent by Weight Smaller Than

50 100
30 40-60
10 20-40
1 0-20

Toe Protection

11-06 Toe protection for the head of the training dike was designed
against maximum scour force used for the Santa Ana River jetties.

11-07 The toe protection will have a layer two stone thick of stone
weight about one-thirteenth the weight of the primary armor stone. The
toe protection will be 2 feet thick and the weight of the toe protection
will be about 400 pounds. The width of the toe protection will be
4 feet.

Scour Protection

11-08 The riprap to protect against channel scouring caused by
floodflows was designed in accordance with procedures in appendix IV of
EM 1110-2-1601 for scour. The riprap will have a thickness of 5 feet, a
slope of 1V on 2H and will extend 10 feet below the flood control
channel invert. The stone size W5 0 will be 700 pounds and will range
from 2,800 to 90 pounds. The riprap will be connected to the armor
stone that has been extended one armor stone thick (2 feet) into the
invert of the channel improvement.
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XII. CONSTRUCTION MATERIALS

Sources of Stone

12-01 Sufficient quantities of suitable stone will be available from

the existing structures and from privately owned quarries mostly located
near Riverside and Corona, California. The unit weight of stone from
these quarries ranges from about 164 to 175 pounds per solid cubic foot,
and a unit weight of 160 pounds per solid cubic foot was used in the
jetty design. Recent laboratory quality compliance tests have been made
on stone samples from selected quarries in connection with several other
similar Corps of Engineers projects. Although the majority of the stone
sources tested have produced acceptable stone in the past, it cannot be
assumed that they will continue to do so. Therefore, any stone source
considered for use as slope protection, either a quarry or existing
structure, will require further field inspection and evaluation and may
require additional quality compliance testing prior to stone placement.
A list of potential stone sources for which recent laboratory test
results are available is shown in the Geotechnical Appendix.

Existing Stone

12-02 Approximately 27,000 tons of Class A, 8,000 tons of Class B, and
24,000 tons of Class C quarry stones were used during the construction
of the Santa Ana, Talbert, and Greenville-Banning jetties in 1958 by the
Orange County Flood Control District. The weight of the Class A stone,
in general, ranged between 0.5 and 3 tons each, with 50 percent by
weight not less than 1,500 pounds nor more than 3 tons each. The
minimum weight of the Class B stone was 200 pounds, each, and not less
than 50 percent by weight of the Class B stone weighted between 600 and
1,500 pounds each. The Class C stone was used for invert and embankment

paving and the stone pieces ranged from 8 to 30-inches. Wherever
possible, the three grades of stones will be salvaged for the
construction of the jetties.
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XIII. RECOMMENDED PLAN - MOUTH OF SANTA ANA RIVER

13-01 The recommended plan for the coastal features consists of (1)
Santa Ana River jetties to form the ocean entrance of the flood control
channel and (2) a training dike to provide an ocean inlet for tidal
exchange between the ocean and 92-acre salt marsh. The recommended plan
is shown in figure 8.

13-02 The Santa Ana River jetties will begin at approximately the same
location as the existing jetties (MSL). The two jetties will extend
upstream along the river about 500 feet. The Santa Ana River jetties
will increase the existing river width from 317 to 450 feet. The
existing Talbert Channel will be relocated by local interests on the
upcoast end of the Least Tern colony nest.

13-03 The 850-foot-long training dike will be constructed in the river,

paralleling the Santa Ana River west jetty. The dike and the west jetty
will form a 90-foot wide trapezoidal ocean inlet to provide for tidal
exchange between the Santa Ana River and the 92-acre-Saltmarsh, should
the river mouth shoal. The trapezoidal ocean inlet will have a sediment
cleaning capability to remain open, about 2.5 times greater than the
existing Talbert Channel, based on studies by Simon, Li, and Associates
(1987).

13-04 Consideration was given to constructing the Santa Ana River

jetties about 140 feet south of the recommended alignment to avoid the
State Beach. However, the plan was not considered feasible because it
would remove 12 residences and would eliminate about 9 acres of marsh
land for the 92-acre Saltmarsh restoration project. In addition, the
existing Pacific Coast Highway bridge would have to be lengthened
140 feet.

Access Road

13-05 Adequate road access exists for the construction of the Santa Ana
River jetties and the training dike Via the Santa Ana River.
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Disposal of Channel Material

13-06 Approximately 4,260,000 cubic yards of material will be excavated
from the Santa Ana River during construction of the flood control
channel. It is estimated that out of this amount about 2,750,000 cubic
yards could be utilized for beach nourishment. During the initial stage
of construction, approximately 1,384,000 cubic yards will be removed
from the first reach, which extends about two miles up the channel. It
is proposed to place 1,000,000 cubic yards of this material within the
Newport groin field, filling the cells up to capacity. The remaining
384,000 cubic yards could be used to nourish the beach about 2,000 feet
down coast from the mouth of the river.

13-07 Stage two construction will excavate approximately 1,367,000 cubic
yards of material from the second reach, which extends up to 5 miles up
the river channel. Depending on the time and the wave conditions
between these two stages of construction, material placed between the
groins and on the beach will be partially depleted due to the coastal
processes. Therefore, placement of the material during the first stage
of construction can be repeated for the second stage.

Operation and Maintenance

13-08 The existing rubble-mound jetties at the Santa Ana River mouth
have sustained little or no damage over the 28-year period they have
been in service (1958-1986). Since the new jetties will utilize a
larger capstone and will not be exposed to larger waves, very little
maintenance is expected. A damage criteria of 0 to 5 percent of the
cost of the capstone is used to determine the maintenance cost over the
50 years of the structure life.
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lIV. DrFECT OF THE RECOKDIDED PLAN ON THE SHORELINE
AND TIDAL INLET

General

14-01 The major improvements contemplated for the Santa Ana River flood
control channel from Prado Dam to the Pacific Ocean have the potential
for influencing coastal processes at the river mouth from three
different aspects.

a. The enlargement of the flood control channel by the excavation
of over 4,000,000 cubic yards of material will affect the outflow of
sediment transported to the coastline under floodflow conditions as
aggradation within the channel will be influenced following
construction, and for that period of time until equilibrium conditions
have reestablished.

b. The excavated material must be disposed at either:

(1) upland disposal sites,

(2) in the open ocean,

(3) utilized as beach nourishment if suitable, or

(4) by combinations of the first three possibilities.

Disposal of large quantities of material in the open ocean or

utilization as beach nourishment material by placement on beaches either
upcoast or downcoast of the river mouth may affect potential for closure
of the river mouth by wave transport of littoral material.

c. The physical location of the oceanward termination of the rubble

jetties for stabilization of the location of the improved Santa Ana
River will influence the asymptotic orientation of the shoreline upcoast

and downcoast of the river mouth.
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Santa Ana River Sediment Transport

14-02 For the period 1941-1971, an estimate of the coarse sediment

discharge by the Santa Ana River was made by Kroll (1975). This estimate
was adjusted by the Los Angeles District (1987a) by including sediment
outflow to represent the period up to 1978. The estimated average

annual sand deposition in the river channel under existing conditions
was 60,000 cubic yards per year, and the estimated average annual sand

outflow to the ocean under existing conditions during 1941-1978 was
determined to be 80,000 cubic yards per year. Under with project
conditions, the average annual channel deposition and sand outflow to
the Pacific Ocean were estimated to be 31,000 and 36,000 cubic yards per
year, respectively. The without project average annual deposition and
sand outflow to the coastline were estimated to be 24,000 and
25,000 cubic yards per year, respectively. Hence, the with project
condition (from mathematical projections into the future) will increase
the quantity of coarse sediment to the coastline by 11,000 cubic yards
annually when compared to the without project condition (also computed
in the same manner).
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APPENDIX C

Sediment Transport Analyses
Lower Santa Ana River

Appendix C contains three reports. The first report - Main Report-
discusses the entire sediment transport analysis using the Phase I GDM
channel configuration. The second report is an independent review; which
was requested by the Office of the Chief of Engineers. The third report
is an addendum to the main report describing the sediment analysis for a
trapezoidal channel configuration.
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EXECUTIVE SUNARY

The sediment transport study for the Lower Santa Ana River consists
of a complex linking of a large number of basic steps. The executive
summary capsulizes how the steps link together and describes the final
results.

Main Report

The hydraulic design of the proposed Santa Ana River flood control
channel improvement was analyzed to ensure that the channel would
function properly under anticipated sediment loads during the design
flood and more frequent floods. The study reach extends approximately
31 miles from Prado Dam to the Pacific Ocean and is otherwise referred
to as the Lower Santa Ana River (LSAR). The study reach of the LSAR
under project conditions was subdivided into four distinct reaches. The
four reaches are identified as the canyon reach, drop structure reach,
concrete channel reach, and the soft-bottom channel ocean reach. The
latter three reaches comprise the proposed channel improvement
approximately 24 miles long (referred to in text as the improved
channel). Santiago Creek is the only significant tributary and it
enters the LSAR approximately 11 miles upstream of the Pacific Ocean.
Specifically, the proposed channel was analyzed to: (1) identify
reaches of aggradation and degradation; (2) determine channel design
requirements to accommodate scour/deposition by the design flood in
terms of flow capacity in reaches of aggradation and invert
stabilization in reaches of degradation; (3) assess the long term
deposition for operations and maintenance requirements of the channel;
and (4) assess the long-term sand outflow to the Pacific Ocean. A
summary of the sediment analysis follows:

Data collection efforts turned up maintenance records that indicate
the average annual sediment deposition in the study reach is 55,000
cubic yards per year. Aerial photos were available for 1982, 1974, and
1938. Bed material analysis indicates about 90 percent sand and 10
percent gravel. Channel surveys were performed after the 1978 and 1980

flood events. Project channel geometry was taken from the Phase I GDM.C
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Streamflow data was recorded below Prado Dam, at Imperial Highway, at
Ball Road and at Fifth Street. Suspended sediment measurements were

also made at these gauging sites. The gauge measurements were corrected

to account for the unmeasured sediment load.

A qualitative analysis using the Lane relationship indicated that
the drop structure reach will experience aggradation; the area just
upstream from the Santiago Creek confluence will remain stable; the all
concrete reach will flush sediments through maintaining its design
invert elevation; the channel ocean reach downstream from the San Diego
Freeway will experience deposition.

An equilibrium slope analysis using Yang's equation yields general
results similar to the qualitative analysis. It was determined that bed
armoring would be unlikely during the design flood due to the relatively
small representative grain size. The armor grain size is between 10 and
70 mm. The d95 grain size, however, is 2 mm.

A limiting degradation slope was estimated using four different
methods: Schoklitsch bedload equation, Meyer-Peter Muller bedload

equation, Shields diagram, and Lane's critical tractive force method.
These methods yielded limiting degradation slopes of 0.000029, 0.000029,
0.0000073, and 0.000004, respectively which are milder than the design
slopes.

A relationship between sediment discharge and water discharge was
developed. The relationship incorporated all sediment sources in the
canyon reach upstream from the proposed project inlet at Weir Canyon
Road. Stream gauge data was available for sediment loads for discharges
up to 14,000 cfs. The computer program HEC-6 was used to estimate
sediment loads for higher discharges. Tatum's method was used to
estimate sediment yield from the canyon watershed during a design
storm. Bank erosion estimates were made by examining aerial
photographs. The Pacific Southwest Inter-Agency Committee method and

the Flaxman method were also used to estimate sediment yield. A
sediment yield rate of 1.64 acre-feet/square-mile/year was determined
for the canyon watershed between Prado Dam and the improved channel
reach. This yield rate compared well to reservoir deposition data

indicating a 1.45 acre-feet/square-mile/year sediment yield rate at
nearby Santiago Reservoir. An average annual sediment inflow of up to
132,000 cubic-yards/year was determined to enter the improved channel
reach. This value includes sand, silt, and clay sizes.

Sedimentation analysis was carried out using the Corps of Engineers'
computer program HEC-6 and a WES modified version known as H6NBS36. The
geometric data covered the project inlet at Weir Canyon Road to its
outlet at the Pacific Ocean. The program was calibrated using data from
the flood of 1978. Yang's unit stream power method was used as a
transport function in HEC-6. The calibration was performed by adjusting
the Manning's "n" value of each section until agreement was obtained
between computed and observed bed changes. The calibrated data set was
verified using records from the 1980 flood. The bed changes were
reproduced fairly well except for the reach downstream from the Santiago
Creek confluence. In this reach, computed degradation was less than the
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degriadation observed during the 1980 flood. The degradation was
attributable to finer bed material found only in this reach. The HEC-6
model would not be affected by this fine material since this reach under
project conditions calls for a concrete-lined channel.

The data set for the project condition was developed from plans in
the Hydraulic Appendix in the Phase I GDM. Grain size analyses were
performed throughout the study area and a single representative grain
size distribution was used (pl. 3). The project condition was evaluated
using balanced hydrographs representing 10-, 25-, 50-, and 100-year
frequency flood events as well as the design event. The following
roughness values were used for the project condition: n = 0.02 for the
downstream channel ocean reach, n = 0.015 for the concrete lined middle
reach, n = 0.025 for the drop structure reach. Form drag caused by bed
forms was included in the development of "n" values.

The design flood was simulated for the project condition using the
HEC-6 computer program. Two different inflowing load curves were used
to encompass maximum streambed changes in terms of maximum deposition
and scour. The results indicate that deposition of up to 2.2 feet will
occur in the upstream subreach of the drop structure reach. Deposition
of up to 7.3 feet will occur in the downstream portion of the concrete
reach extending into the channel ocean reach. A second simulation using
clear water inflow at the improved channel inlet indicated 6 to 8 feet
of scour in drop structure reaches. This worst case erosion scenario
was used to estimate toe depths of lined banks.

A sensitivity analysis was performed to account for the
uncertainties involved in sedimentation analysis. The Manning's "n"
value was increased to 0.03 in all reaches. This had only a small
effect on computed bed changes. The D50 grain size of the bed material
was increased from 0.5 mm to 0.75 mm but this also had little effect on
the computed results. A sand plug often forms at the Santa Ana River
mouth during the summer months. Analysis shows that the sand plug would
wash out before the peak of the design flood. An antecedent flow of
5,000 cfs for 30 days resulted in twice as much deposition near the
river mouth during the design flood event. A tidal elevation of
2.54 MHHW feet was used for the downstream boundary condition for the
design event. Variations in the tidal elevation had little effect on
the riverbed near the ocean.

The incremental probability method was used to compute the average
annual sand outflow to the ocean and the average annual deposition for
the with and without project conditions. The results indicate that
31,000 (with project) and 24,000 (without project) cubic yards of sand
per year deposited in the channel reach. The sand outflow to the beach
was 36,000 (with project) and 25,000 (without project) cubic yards per
year. From gauge records, it was estimated that the sand outflow to the
ocean is 80,000 cubic yards per year. It was estimated that the
frequency of maintenance in the channel ocean reach would be
approximately every 20 years. No maintenance is expected in the
concrete and drop structure reaches.
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Addendum Report

An additional sedimentation analysis was conducted using the HEC-6
program to determine channel bed profiles for the redesigned channel.
The geometric configuration of the channel was changed from a
rectangular to a trapezoidal channel in the channel ocean and concrete
channel reach. The HEC-6 analysis was performed using similar floods
and procedures described in the main report.

The design flood simulation was computed with HEC-6 using two
different inflowing loads curves to encompass maximum streambed changes.
The results for high sediment inflow indicate general deposition of up
to 7.5 feet will occur in the concrete channel reach extending into the
channel ocean reach. The second simulation with zero inflowing load at
the concrete channel inlet indicates general scour 9 feet below design
invert in the channel ocean reach. Results of scour in the drop
structure reach were the same as in the main report.

The incremental probability method was applied in the redesigned
channel reach to compute average annual deposition and sand outflow.
The results indicated deposition in the concrete and channel ocean reach
of 37,000 cubic yards per year. The sand outflow was 30,000 cubic yards
per year. Based on the upper grade limit in the main report, the esti-
mated frequency of sediment removal maintenance is once every 18 years.

Sediment Transport Study Results

The sediments transport results used for the hydraulic design in
terms of the top of and toe of levees were derived from the trapezoidal
channel analysis (Addendum Report) for the channel ocean and concrete
channel reaches and from the main report analysis for the drop structure
reach. Thc combined results of both studies for project condition are
summarized as follows:

1. Plates 2A and 3A shown in the addendum report display the design
streambed profile with and without sedimentation, respectively. The
water surface profile to determine top of levee was computed by applying
the design sedimentation slopes in reaches of aggradation and the design
slope in the other reaches.

2. The design of levee toe depth for general scour is:

Minimum Toe Depth Below Reach
Design Invert (ft) Phase II Stationing

8 1204+20 - 1156+60
5 1156+60 - 535+00

10 150+50 - Ocean Outlet

3. Plate 14 of main report titled "Upper Sediment Level Sta. 8+50
to 223+35", displays the allowable sediment deposition. Long term
average annual deposition is estimated at 37,000 cubic yards per year.
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Frequency of sediment removal is once every 18 years. No sediment
removal maintenance is anticipated in the upper portion of the concrete
channel and in the drop structure reach.

4. Project sand outflow over project life is estimated at 30,000

cubic yards per year.
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1. INTRODUCTION

Study Objectives

1-01 The hydraulic design of the proposed Santa Ana River flood control
channel improvement was analyzed to ensure that the channel would
function properly under anticipated sediment loads during the design
flood and lesser frequency floods. The study reach extends
approximately 31 miles from Prado Dam to the Pacific Ocean, otherwise
referred to as the Lower Santa Ana River (LSAR). The study reach of the
LSAR under project conditions was subdivided into four distinct
reaches. The four reaches are identified as the canyon reach, drop
structure reach, concrete channel reach, and the soft-bottom channel
ocean reach. The latter three reaches comprise the proposed channel
improvement approximately 23 miles long (referred to in text as the
improved channel). Santiago Creek is the only significant tributary and
it enters the LSAR approximately 11 miles upstream of the Pacific Ocean.
Specifically, the proposed channel was analyzed to: (1) identify
reaches of aggradation and degradation; (2) determine channel design
requirements to accommodate scour/deposition by the design flood in
terms of flow capacity in reaches of aggradation and invert
stabilization in reaches of degradation; (3) assess the long term
deposition for operation and maintenance requirements of the channel;
and (4) assess the long-term sand outflow to the Pacific Ocean.

Scope of Work

1-02 The analysis of the sediment transport conditions includes the
following major tasks:

1. Collect and evaluate available data including such items as
historical channel conditions, stream gauge records, bed
sampling, and aerial photography.

2. Determine the sediment inflow into the improved channel from the
Lower Santa Ana River tributaries for the design flood as well( as from the long term runoff patterns.
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3. Analyze the sediment transport scour/deposition in the proposed

project for the design flood.

4. Determine the average annual sediment deposition in the project
reach and sand outflow to the Pacific Ocean.

5. Identify and design any required mitigation measures.

Description of Eristing River Conditions

1-03 The portion of the river considered as the Lower Santa Ana River
extends from the Pacific Ocean upstream about 31 miles to Prado Dam (see
pl. 1). The river from the dam to about 8 miles downstream is known as
the Santa Ana River Canyon (referred to as the canyon reach) and is fed
by several small tributaries from both sides of the river. In the
canyon, the river is somewhat natural with reaches of bank stabiliza-
tion. The low flow channel ranges from 100 to 400 feet wide and up to
7 feet deep and will carry about 5,000 cfs. Larger floodflows will
flood across the canyon bottom with flood widths up to 1,000 feet. The
average invert slope of the river is 0.003. The bed material consists
mainly of medium size sands with small aprons of cobble material forming
armor layers. A recent trench excavation for sewer line placement
across the river exposed layers of large material beneath the surface.
From a generally meandering flow path through the canyon reach, except
near Featherly Park where the river is braided, the river enters a
relatively straight alignment as an improved channel. The improved
channel extends from just upstream of Weir Canyon Road southwesterly
through an urbanized reach to the Pacific Ocean for a length of
23 miles. In the improved reach, the channel is soft-bottom with both
vertical drop structures and sloping drop stabilizers. The side slopes
are stone-revetted in the drop structure reach from Weir Canyon Road to
the Garden Grove Freeway. There is a short subreach where the side
slopes are grass-lined at the confluence with Santiago Creek. The side
slopes are concrete lined downstream of Santiago Creek to the Pacific
Ocean. The channel bottom width ranges from 180 to 320 feet with depths

up to 18 feet. The invert slope ranges from 0.003 to 0.001 near the
ocean. The natural slope along the channel alignment (without drop
structures) is about 0.0025 or 13.5 feet/mile.

1-04 The bed material consists mainly of sand sizes. For most of any
given year, the river is dry except for very low flows (100 to 150 cfs)
that are diverted for ground water recharge in the drop structure reach.

Project Description

1-05 The proposed channel improvement from the Phase I General Design

Memorandum begins immediately upstream of Weir Canyon Road and follows
the existing alignment to the Pacific Ocean. There are also some minor
improvements, consisting of several reaches of bank stabilization and a
levee in the Santa Ana River Canyon just downstream of the Southern
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Pacific Railroad crossing to protect a trailer park community. A

schematic illustration of proposed channel geometry and grade is given
on plate 2. In general, the proposed plan calls for: partial levee and

bank improvement from Prado Dam to Weir Canyon Road (canyon reach); a
soft-bottom trapezoidal channel from Weir Canyon Road to Santiago Creek

confluence (drop structure reach); a trapezoidal concrete channel from
about Santiago Creek to downstream of San Diego Freeway (concrete
channel reach); a rectangular soft bottom channel from about the San
Diego Freeway downstream from Adams Street, then transitioning to a

trapezoidal soft bottom channel formed by two jetties at the ocean
mouth.

Study Results for the Phase I GDN Channel Configuration

1-06 The following summary outlines the sediment transport, results for
the original channel configuration shown in the Phase I GDM.

a. Plate 11 titled "Streambed Profile at Peak of Design Hydrograph"
displays the deposition slope in reaches of aggradation.

b. The design of levee toe depth for general scour is:

Toe Depth Minimum Reach
(feet) (Phase(II) Stationing)

8 1204+70 - 1156+60
5 1156+60 - 535+00
6 150+50 - Ocean Outlet

c. Plate 14 titled "Upper Sediment Level Sta 8+50 to 223+35",
(Phase II Stationing) displays the allowable sediment deposition.

Average annual deposition is estimated at 31,000 cubic yards per year.
Frequency of cleanout is once every 20 years. No maintenance is
expected in the upper portion of the concrete channel and drop structure
reach.

d. Sand outflow over project life is estimated at 36,000 cubic

yards per year.

e. Concrete channel is appropriate between station 535+00 to
150+50.

f. The number of drop structures and stab*lizers are adequate.

(



2. DATA COLLECTION

General

2-01 An extensive data collection effort was conducted to obtain exist-
ing data relevant to the evaluation of sediment transport for the Lower
Santa Ana River. A summary of existing data is presented in this section.

Aerial Photography

2-02 Aerial photos of the river from the Pacific Ocean to Prado Dam
were taken in 1982, 1974, and as far back as 1938. Behavior of the
river was particularly evident from the 1938 photos, which was
photographed shortly after the flood of March 2. The aerial photos
reveal a meandering tendency in the confined canyon reach changing
downstream to a braided or sheetflow condition in the flat flood plain

(outside of the levees).

2-03 In addition, the photos reveal reaches of significant bank
erosion. These observations would aid in the development of bank
erosion estimates in the canyon reach.

Geometric Data

EXISTING CONDITIONS

2-04 The existing Santa Ana River channel has undergone numerous
channel improvements as a result of the damaging floods of 1938, and
more recently after the floods of 1969, 1978, 1980, and 1983. The data
available for the study in the improved reach consists of as-built
channel plans and cross-sectional surveys. Survey data was obtained for
the years 1977 to 1983. Geometric data for the canyon reach was
obtained from topographic maps (scale 1" = 200', 4' contour interval)
prepared by E.L. Pearson and Association for the Orange County Flood
Control District (currently known as OCEMA). Examination of the data
revealed that there was sufficient data to calibrate the HEC-6 model to
the 1978 flood event. For verification of the model, the verification
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could only be conducted in the improved reach (downstream of Weir Canyon
Road) for the 1980 flood event due to the absence of sufficient survey
data and some man-made changes in the canyon reach.

2-05 Project conditions cross-sectional data were obtained from the
plan and profile sheets of the Phase I General Design Memoramdum (GDM),
for the reach from Weir Canyon Road (Improved Channel Inlet) to Pacific
Ocean. For the Phase II GDM, detailed discussion of the design features
can be found in the Hydraulic Design, Volume 3. Although some of the
Phase II channel features differ from those in the Phase I GDM, the
differences are insignificant with respect to sediment transport. Thus,
the study results are valid for the Phase II Design.

Hydrologic Data

HISTORICAL FLOW DATA

2-06 There are several locations on the Lower Santa Ana River in which
historical streamflow data is available since construction of Prado Dam
in 1941. These gauges are operated by the United States Geological
Survey (USGS). Pertinent gauge data are provided in table 1.

Table 1. Stream Gauge Data.

Peak
Period Discharges

Location of Record (cfs) Date

Below Prado Dam 1940 to current 7,440 Feb 21, 1980
1930's (intermittent) 100,000* Mar 2, 1938

At Imperial Hwy 1973 to 1978 4,000 Mar 4, 1978
At Ball Road 1976 to Current 18,500 Mar 1, 1983

11,070 Feb 16, 1980

At Fifth St. 1923 to Current 20,100 Mar 1, 1983
16,100 Mar 4, 1980
17,800 Feb 18, 1978
19,100 Feb 25, 1969

46,300" Mar 3, 1938

*Based on slope-area measurement of maximum flow.

2-07 The streamflow data from these gauges were used to develop the
hydrographs for the sediment transport model-calibration and
verification phase of the study.
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DESIGN FLOOD MD FEQUfCY FLOOD DATA

2-08 The development of the design flood hydrograph and balanced

hydrographs at Imperial Highway with assigned frequencies of 10-, 25-,

50-, and 100-year along the main stem were generated from hydrologic
study material that supports the Phase I GDM. Residual flood
hydrographs for tributaries were also generated for the Santa Ana River

Canyon and Santiago Creek. Comparison of the main stem design flood

hydrograph from the Phase I GDM with the recently generated main stem
hydrograph under the revised Upper Santa Ana River Dam alternative

indicates differences are insignificant. Therefore, no adjustment was
made to the hydrographs. Further discussion of the hydrologic data is
presented in the Hydrology appendix, Volume 7 of this report and from
reference 15.

Sediment Deposition and Removal

2-09 Previous investigations (ref. 15) cite deposition and removal
quantities for the lower portion of Santa Ana River for the period since
1969. Sediment removal records prior to 1969 are not available;
however, according to Orange County Environmental Management Agency
(OCEMA), sediment deposition between the time the channel was built
after 1938 to 1969 was probably insignificant due to the lack of major
flows. An estimate of total sediment removal using information from

OCEMA, indicates about 2.7 million cubic yards (yd J) removed between
1969 and 1983. Of that amount, about 500,000, 650,000, and 200,000 yd3

were removed after the 1969, 1980, and 1983 flood seasons, respectively.
Using the 48-year period from 1938 to 1986 would indicate an average
annual removal of about 55,000 yds3 .

2-10 Estimates of sediment depolition during the 1969 flood season vary
between 500,000 and 1 million yd . During the 1983 flood, about 200,000
yd of sediment were deposited. Both the 1969 and 1-983 floods produced
a depositional grade line of S = 0.0011 downstream of Slater Avenue
bridge. No estimates were available for the 1978 or 1980 flood seasons.

Bed Material Gradation

2-11 Bed material samples were collected and analyzed at numerous
locations from Prado Dam to the Pacific Ocean. The location of the
samples are noted on plate 1, and the resulting sieve analysis of each
sample are on file in the Los Angeles District. Riverbed samples were
collected using a shovel and hand augar to a maximum depth of 2 feet
below the surface. In the canyon reach, samples were taken from both
the bed and bank of the low flow channel and from the bed of primary
tributaries just upstream from the main stem. Occasional patches of
surface armor layer, consisting of cobble sizes, were encountered on the
bed. These materials were not included in the sampling since they are

not representative of the underlying bed material nor the general
surface conditions. In the improved channel reach from Weir Canyon Road

to the Pacific Ocean the bed materials appear to be similar, except for

a clay lense outcrop near Slater Avenue.
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2-12 The results of the sieve analysis indicate that the bed, bank, and
tributary materials in the canyon reach consist of less than 5 percent
fines, 60 to 90 percent sands, and up to 40 percent gravels or larger.
The bed materials for the improved channel reach indicate no fines,
except for the clay outcrop near Slater Avenue where about 30 percent of
the materials are fines. Bed materials typically consist of 90 to
100 percent sands, with up to 10 percent gravels.

2-13 The bed material gradation for Santiago Creek was obtained from a
previous study (ref. 15). The bed material gradations for Santiago
Creek were defined by distinct layering beneath the surface. A
composite average of bed materials in Santiago Creek indicate about
25 percent fines, about 40 percent sands, and 35 percent gravels.

2-14 The grain size distribution for the canyon reach as represented in
the HEC-6 model for various points along the canyon reach, was based on
the nearest sample rather than the averaging of all of the samples. The
model analysis was established in this manner to account for the large
materials entering into the main stem from the tributaries.

2-15 In the improved channel reach, a representative grain size
distribution was developed by overlaying the gradation curves and
graphically compiling a single representative gradation curve (see
pl. 3). The method was used to achieve a stable solution in the HEC-6
model and to avoid anomalies in sampling. The clay lense at Slater
Avenue was not modeled because the improved channel would cover this
reach with concrete. Clay material would therefore not enter into
sediment transport calculations.

Sediment Data

2-16 The sediment data required for development of sediment transport
relationships is available from the same gauging stations used to
establish hydrologic data (see table 1). The period of record for
sediment data is not as extensive as that for the water data, but data
is available from recent floods of 1978 and 1980. Sediment data from
the gauging stations was obtained from USGS published records (ref. 5)
and from USGS in-house unpublished data. The data consisted of
suspended-sediment measurements (measured load) along with the
corresponding water discharge, water temperature, and particle size
distribution. Additionally, the unmeasured load for a few events was
estimated by the USGS using the Modified Einstein procedure to obtain
the total instantaneous load. The sediment data were collected for
water discharges ranging up to 7,000 cfs below Prado, 2,000 cfs at
Imperial Hwy, 14,000 cfs at Ball Road, and 6,000 cfs at the Fifth Street
gauge. The data from gauges below Prado Dam and at Ball Road was judged
adequate to develop rating curves of water discharges versus sediment
discharge. The data at Imperial Highway and Fifth Street was inadequate
because of bed scouring at Fifth Street gauge during measurements
invalidating the data and because the low water discharges at Imperial

were useless for establishing the high flow portion of the rating curve.
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3. PRELIMINARY ANALYSIS

General

3-01 The preliminary analysis was subdivided into two separate
analyses: (1) a qualitative aggradation-degradation assessement of the
river to assess the response to conditions imposed by the improved
channel and (2) a quantitative analysis to determine equilibrium and
limiting bed slopes. The preliminary analysis evaluates riverbed
changes in the proposed river system. The results of the preliminary
analysis are used subsequently to verify trends in the HEC-6 detailed
sediment routing analysis.

Qualitative Aggradation Degradation Analysis

3-02 Trends of aggradation and degradation were qualitatively
identified in the improved channel reach by applying Lane's relationship
of dynamic equilibrium. The Lane relationship (ref. 1) can be written

qs D50  d q S

where:

qs = The sediment discharge per unit width of the channel
D50 = Median sediment size

q = Water discharge per unit width
S = Slope of the channel

3-03 In this relationship, the qualitative response of the riverbed can
be evaluated for a given reach by comparing parameters with those for
the reach immediately upstream. An increase in either water discharge
or slope will result in an increase in the sediment transport capacity,
assuming the median sediment size is constant. When sediment transport
rate increases, degradation will occur and the bed slope will flatten.
Conversely, a decrease in water discharge or slope will result in a
decrease of the sediment transport capacity; deposition will occur and
the bed slope will steepen. By comparing average values of unit water
discharge (varying with channel width) and bed slope in representative
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reaches of the improved channel with the representative width and slope
of the supply (canyon) reach, the change in bed slope to maintain
equilibrium can be qualitatively assessed. The supply reach (canyon)
above the upper end of the improved channel is assumed in equilibrium.
The improved channel reach was subdivided into five subreaches with the
results shown in table 2. The overall response of the project indicates
that the upper drop structure reach (subreaches 2 and 3) will be in an
aggrading mode; reach 4, just upstream of the concrete reach, will be in
a fairly stable mode; the concrete reach (reach 5) will be in a degrading
mode, and the downstream reach (reach 6) will be in an aggrading mode.

Table 2. Evaluation of Qualitative Response Lower
Santa Ana River Project Channel.

CHANNEL RESPONSE*
(CONFIGURATION)

Average
Channel Due

STATION Bottom Side To Due
SUBREACH From To Invert Width Slope Pro- To
(Location) (phase I) Slope (ft) H:V file Width Overall

DAM
1 Natural 0.003 200 LI/  N/D N/D N/D

(Canyon reach) 500 H

2 1196+70 1023+60 0.0016- 290 L 2:1 + 0 +
(Drop Structure Reach) 0.0017 290 H + - +

3 1023+60 708+90 0.0017- 320 2:1 0 + +
(Drop Structure Reach) 0.0022

4 708+90 528+00 0.00166- 270 2:1 0 0 0
(Drop Structure Reach) 0.0025

5 528+00 192+45 0.0017- 240 Vert 0 - -

(Concrete Channel Reach) 0.002 250

6 192+45 Pacific Ocean 0.0008 200 Vert + + +
(Channel Ocean Reach) 480

*TREND DEFINITIONS:
+ Corresponds to increase in slope, or aggradation.
- Corresponds to decrease in slope, or degradation.
0 Corresponds to no change in slope.
1/ L = low flows

H = high flows

N/D Not determined
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3-04 The response of the bed slope to improved channel conditions can
also be qualitatively predicted by examining historical bed trends since
the two conditions generally conform to each other. Based on channel
surveys and field observations of the 1980 flood, long duration flows on
the order of 5,000 cfs tend to produce minimal bed changes in the
upstream drop structure reach, significant degradation in the soft
bottom reach downstream of Santiago Creek, and aggradation near the
outlet to the ocean. Under improved channel conditions, the channel
reach subject to severe degradation will be lined with concrete. The
bed response in the other soft bottom reaches should be similar to that
experienced in 1980 existing channel conditions.

Quantitative Analysis

3-05 The quantitative analysis consists of (1) determining the
aggradation/degradation response of the channel bed using the concept of
equilibrium bed slopes and (2) determining the limit of general
degradation (stable slope) for reduced inflowing sediment loads. The
following sections discuss the methodology and results of the
quantitative analysis.

EQUILIBRIUM BED SLOPES

3-06 The concept of equilibrium bed slopes was applied to further
identify trends of aggradation and degradation and to estimate the bed
slope that the river would seek under project conditions. The
equilibrium slope is that bed slope for which the capacity of the stream
to transport sediment is just equal to the sediment supply flowing into
a given reach. If the slope of the streambed is greater than the
equilibrium slope, the bed will tend to degrade; conversely, if the bed
slope is less than the equilibrium slope, the bed will tend to aggrade.

3-07 Equilibrium slopes were estimated for a range of discharges for
improved channel conditions. Yang's Unit Stream Power equation was used
to compute sediment transport capacity at representative sections in the
project. The use of Yang's equation is explained in paragraphs 5-08
through 5-10. For each value of sediment supply and water discharge,
the equilibrium slope was calculated using a trial procedure by which
the bed slope was varied until the transport capacity was equal to the
sediment supply. The inflowing load was based on the sediment discharge
rating curve developed at the Ball Road gauge from observed data,
translated upstream to the improved channel inlet. Translating the
rating curve upstream 3 miles was judged acceptable since the bed change
was stable during the period of measurement.

3-08 The results of the analysis, summarized in table 3, generally
agrees with the qualitative analysis. The results indicate that the
equilibrium slopes are sensitive to the water discharge and
corresponding sediment inflow. This can be seen from the opposing
trends of degradation and aggradation for the low and high flow
conditions in reaches 2 and 5.
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Table 3. Equilibrium Slopes Santa Ana River Project Channel.

DESIGN
STATION Q INVERT EQUILIBRIUM

REACH From To (x1000 cfs) SLOPE SLOPE TREND*

1 Upstream of
1196+70

2 1196+70 1023+60 5 0.0017 0.0014 -
15 0.0017 0.0018 0
30 0.0017 0.0021 +

0.0017

3 1023+60 708+90 5 0.0022 0.0030 +
15 0.0022 0.0039 +
30 0.0022 0.0049 +

4 708+90 528+00 5 0.0025 0.0022 0
15 0.0025 0.0026 +
30 0.0025 0.0030 +

5 528+00 192+45 5 0.0020 0.0016 -
15 0.0020 0.0020 0
30 0.0020 0.0023 +

6 192+45 Pacific 5 0.0008 0.0029 +
Ocean 15 0.0008 0.0035 +

30 0.0008 0.0042 +

*TREND: + aggradation, - degradation, 0 no change

LIMITING DEGRADATION SLOPES

3-09 A bracketing approach to establish the lower limit of bed slope
due to degradation was investigated for the case of reduced sediment
supply from the canyon reach into the improved channel reach. The
reduced supply reflects the possible condition that the canyon will be
depleted of sediment during large flood events of long duration. As a
result, the bed response expected in the improved channel reach would be
general degradation. The depth of general degradation upstream of
invert control locations such as drop structures and stabilizers can be
quantified through the bed armor and stable slope concepts. Analysis
revealed that degradation was not controlled by armoring, but rather by
stable slope conditions. The following sections present the
methodologies and results for both concepts.(
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Bed Aroring

3-10 The type of sediment forming the bed may limit the vertical
degradation by development of an armor layer. The armor process is
generally defined as the condition whereby there is sufficient
quantities of coarse materials which cannot be transported by normal
river discharges. As the degradation progresses, coarse size materials

segregate from fine materials during transport. The armor layer
develops as the fine materials are sorted and moved downstream while the

coarse materials settle down into the bedsurface and accumulate.
Eventually, enough coarse materials accumulate to form an armor layer

over the entire bed surface. The underlying materials are trapped and
vertical degradation is arrested. The bed slopes are computed by

applying the depth of degradation upstream of invert control locations.

3-11 The methods used to determine the armor size, as summarized by the

Bureau of Reclamation (ref. 16) and repeated herein, are:

1. Meyer-Peter, Muller (bedload transport equation)
2. Competent bottom velocity
3. Lane's tractive force theory
4. Shields diagram
5. Yang incipient motion

It should be noted that several of the equations apply correction
factors to account for mixing of units.

Meyer-Peter, Muller (Bedload Transport Equation)

3-12 Bedload transport equations provide a method to compute a
nontransportable particle size representing coarse bed material capable

r of forming an armoring layer. To describe a nontransportable size, the
Meyer-Peter, Muller bedload equation for beginning transport of
individual particle sizes was applied.

Dc dS

K ns 3/2

D90

where:

Do = Individual particle size in millimeters
K = 0.19 inch-pound units
d = Mean water depth at dominant discharge, ft
S = Slope of energy gradient, ft/ft

ns = Manning's "n" for bed of stream
D90 = Particle size in millimeter at which 90 percent of bed

material by weight is finer.
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Competent Bottom Velocity

3-13 The competent bottom velocity method for determining armoring size
is computed from a relationship between mean channel velocity with
armoring size by the equation:

Dc 1.88 Vm
2

where:

De = Armor size, mm
Vm = Mean channel velocity, ft/s

Lane's Tractive Force

3-14 The tractive force method relates the critical tractive force
versus the mean particle size diameter in millimeters, which is
reproduced in figure 1. This method entails computing the critical

tractive force using the channel hydraulics for dominant discharge. By
selecting an appropriate curve from figure 1, usually the recommended

set of "curves for canals with clear water in coarse noncohesive
material," a critical tractive force can be obtained which gives the

lower size limit of the nontransportable material D.-

Tc :4 wdS

where:

Tc = Critical tractive force, lb/ft2

6w = Specific weight) (mass) of water, 62.4 lb/ft
3

d = Mean water depth, ft

S = Slope, ft/ft

Shields Diagram

3-15 Many investigators use the Shields diagram figure 2, to define the

initiation of motion for various particle sizes. In the process of

armoring of a streambed for predominantly gravel size material greater
than 1.0 mm and high Reynold's number R* greater than 500, the Shields
parameter given below provides a method for determining an armor size.

T- To -0.06
( Ys - Kw)Dc

where:

T* =Dimensionless shear stress
Tc Critical shear stress = dS, lb/ft2

= Specific weight (mass) of the particle, 165 lb/ft3

Specific weight (mass) of water, 62.4 Ibs/ftl

( Diameter of particle, ft

13
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Inch-pound units

w = 62.4 lb/f 
3

165 lb/ft
= Depth, ft

S = Slope, ft/ft
De = Size, ft

Yang Incipient Motion

3-16 Yang relates the dimensionless critical velocity, Vcr/w, and shear
velocity Reynold's number, R,, at incipient motion. Under rough regime
conditions where R# is greater than 70, the equation for incipient
motion is:

Vor 2.05
w

The settling velocity for material larger than 2 mm in diameter will
approximate the fall velocity by:

w = 6.01 Do
I1

2

These equations can be combined to give:

De = 0.00659 Vcr
2

where:

Vcr = Critical average water velocity at incipient motion, ft/s
w = Terminal fall velocity, ft/s
Dc = Size, ft

3-17 The above equations were applied using hydraulic computations for
design discharges in the drop structure reach. Table 4 summarizes the
results of the computations. The results indicate that degradation
would not be limited by armoring because the minimum armor particle size
(10 mm) is not available in sufficient quantities in the bed material,
since the d9T of the bed material is 2 mm. The method of stable slope
was then applied to determine the limiting degradation slope.

16



Table 4. Bed Armor Size.

Method Particle Size (mm)

1. Meyer-Peter Muller 10

2. Competent bottom velocity 65

3. Lane's tractive force theory 23

4. Shield's diagram 20

5. Yang incipient motion 70

Stable Slope

3-18 In cases where the general degradation is not limited by the
armoring process, the concept of stable slope can be applied. The
stable slope method for computing degradation is based on degradation
processes occurring until a slope is reached which results in negligible
bedload transport. The stable slope is determined by applying several
relationship for bed movement (ref. 16).

1. Schoklitsch bedload equation.
2. Meyer-Peter, Muller bedload equation.
3. Shields diagram for no motion.
4. Lane's relationship for critical tractive force.

The methods are described as follows:

Shoklitsoh Method

3-19 The Schoklitsch equation for zero bedload transport is expressed
as follows:

SL=K CP.B) 31Q

where:

S = Stable slope, ft/ft
0.00174 inch-pound units

D = Mean particle size, mm

B = Channel width, ft
Q = Dominant discharge, ft3 /s

(
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Meyer-Peter, Muller Method

3-20 Limiting slope computations by the Meyer-Peter, Muller beginning
transport equation are:

Q n s 13/2D

(L K B) _( s~ /SL = B D 0 16

d

where:

S Stable slope, ft/ft
Q : 0.19 inch-pound units

Rat o of total flow in ft3/s to flow over bed of stream
'CB (fti/s). Usually defined at dominant discharge where Q :

for wide channels B

D90 = Particle size at which 90 percent of bed material by weight
is finer

n Manning's "n" for bed of stream
B Mean particle size
d Mean depth, ft

Shields Diagram Method

3-21 The use of Shields diagram for computing a stable slope involves
the relationship of the boundary Reynold's number R, varying with the
dimensionless shear stress T, shown in figure 5 as follows:

U, D
R, -

where:

R, = Boundary Reynold's number
U, = Shear velocity SLRg , ft/s
S= Slope, ft/ft

S Hydraulic radius or mean depth for widi channels
g Acceleration due to gravity, 32.2 ft/s
D = Particle diameter, ft
S= Kinematic viscosity of water varying with temperature, ft2 /s

and

T, Tc (16)

( s - w) D

18
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where:

T, = Dimensionless shear stress
c Critical shear stress lb/ft2 equal to gdS L

Is Specific eight (mass) of particles, 16.4 Ilb/ft3
(2.65 t/m )

fw = Specific weight (mass), 62.4 lb/ft3

d = Mean depth, ft
SL = Slope, ft/ft
D = Particle diameter, ft

Lane's Tractive Force Method

3-22 Critical tractive force is defined as the drag or shear acting on
the wetted area of the channel bed and is expressed as:

Tc = YwdSL (17)

rewriting in terms of SL

SL =Tc/ 6wd (18)

where:

To = Critical tractive force, lb/ft2 (may be read from the
curve in figure 1. Enter the abscissa scale with the D50
or Dm in millimeters and read the critical tractive force
value from the curves for canals with 5lear water).

Ww = Specific weight (mass) of water, lb/ftJ

d = Mean water depth for dominant discharge, ft

3-25 Generally, the method of stable slope would be applied to the
dominant discharge. However, to determine the maximum potential for
degradation, the method was applied using hydraulic computations for the
design discharge. Table 5 summarizes the results of the computations.

Table 5. Stable Slope.

Method Slope

(1) Schoklitsch 0.000029
(2) Meyer-Peter, Muller 0.000029
(3) Shield 0.0000073
(4) Lane 0.000004

3-26 By applying the mildest of these slopes to reaches upstream of
(invert control points, it was found that general degradation would be no

greater than 5 feet below the design invert.
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4. SEDIND INFLOW

General

4-01 Sediment inflow into the improved channel reach was estimated for
the design flood and on an average annual basis. The objective was to
determine the bed response and annual maintenance in the improved
channel reach. The sources of sediment are from the Santa Ana River
Canyon and from Santiago Creek. Other tributaries in the main project
reach drain urbanized area and therefore contribute clearwater flow as a
result. Design flood and long-term sediment inflow from the canyon
reach was estimated with methodologies described in subsequent sections.

4-02 Santiago Creek sediment inflow was developed using the Yang Unit
Stream Power sediment transport equation. The total sediment inflow
into the improved channel reach consisted of the supply from the canyon
reach at Weir Canyon Road and the supply from Santiago Creek at the
confiuence with the Santa Ana River. The two sediment inflow points
were applied in the HEC-6 detailed routing analysis for the design flood
to determine the bed response in the improved channel reach. For the
long term sediment inflow, only the canyon was considered as the
sediment contributor in the HEC-6 analysis since low flows under long
term conditions in Santiago Creek will not contribute a significant
quantity of sediment.

Design Flood

GENSRAL

4-03 The quantification of the sediment supply for the design flood
involves considering the sources of sediment from the Santa Ana River
canyon and Santiago Creek. In the canyon reach, the analysis addresses
sediment contributions from the riverbed, the banks, the tributaries
entering into the canyon, and the outflow from Prado Dam. To account
for the net effect of these sources, a rating curve of water discharge
versus sediment discharge was developed at the downstream end of the
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canyon using two methods. First, a sediment discharge rating curve was
established based on actual sediment load measurements from stream
gauges located at Ball Road and downstream of Prado Dam. Second, the

Corps of Engineers' HEC-6 sediment computer program was utilized to
route sediment in the canyon reach during the design flood including
sediment contributions from both tributaries and bank erosion. A
comparison of the two sediment discharge rating curves revealed that the
curves were fairly close. As a result, the rating curve developed from
the HEC-6 canyon analysis was selected for the design flood analysis
into the improved channel reach. The HEC-6 rating curve was considered
to be the maximum sediment load available into the improved channel
reach during the design flood event. The analysis and results of both
methods are presented in the subsequent paragraphs.

STREAM GAUGE WATER SEDIMMT DISCHARGE RATING CURVES

4-04 As discussed previously in paragraph 2-07, there is sufficient
data to establish water-sediment rating curves for the stream gauges
located below Prado Dam and at Ball Road. To account for the total sand
discharge, the suspended load measurements were adjusted to exclude the
wash load (i.e., material finer than 0.062 mm) and to include the
unmeasured load (bed load). The unmeasured load was estimated by the
Modified Einstein Procedure or the Colby Method (ref. 4). The Colby
Method was used where the USGS did not estimate the unmeasured load with
the Modified Einstein Procedure. The water sediment discharge ratings
were developed in the following form:

Qs = aQw
b

where Qs is the sediment transport load in tons per day, Qw water
discharge in cfs, and a and b are the best-fit coefficient and exponent
from regression analysis of water sediment discharge data.

The resulting relationships are:

Qs = 0.003 Qw1"4 2  below Prado Dam

Qs = 0.181 Qw1 .56 4 at Ball Road

4-05 These relationships were based on flow measurements up to
7,000 cfs below Prado Dam and 14,000 cfs at Ball Road. To account for

the sediment discharge at the design discharge, straight-lined
extrapolation of these relationships on a log-log scale was considered
to be reasonable and was used to give insight on the potential for
sediment inflow. The translation of the Ball Road rating curve to the
project inlet was judged applicable since the channel between these
locations has remained fairly stable during the period of record. It
should be noted that data from the Fifth Street gauge was unreliable due

to the invalidation of the rating curve as a result of scouring of the

bed during the 1980 flood event.
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HE-6 CANTON ANALYSIS

4-06 Sediment transport in the Santa Ana River Canyon was simulated
using the HEC-6 sediment program for the design flood event. The HEC-6
analysis included the additional sources of sediment from tributaries
and from bank erosion. Tatum's method was applied to estimate tributary
sediment inflow and aerial photos along with topographic maps were used
to identify areas of potential bank erosion. The HEC-6 method was of
significant value since it provided a reasonable estimate of the maximum
potential for sediment inflow from the canyon reach for flows in excess
of actual measured flows, that is, for flows from 14,000 cfs to the
design pea. of 38,000 cfs. The resulting outflow of sediment from the
canyon reach represents the net effect from all possible sources of
materials. The results of the HEC-6 analysis were translated into
water-sediment discharge rating curves (see pi. 6) to be used for input
data in the HEC-6 analysis for the proposed downstream project (improved
channel reach). The rating curves represents the relationship between
water and the bed-material load. It was assumed that the wash load, as
defined previously, would be transported throughout the improved channel
without deposition. The rating curves presented on plate 6 are the
sediment load discharges during the rising side and the recession side
of the design flood hydrograph. The difference in the rating curves
reflects the depletion of available sediment into the project. The
analysis and the results of the application of Tatum's method and the
bank erosion are presented in the subsequent paragraphs.

Tatum's Method

4-07 Tatum's method (ref. 23), was applied to the Santa Ana River
Canyon watershed to estimate the sediment volume that could occur during
design flood event. The use of Tatum's method was deemed applicable
because it would be applied to tributary watersheds similar to
watersheds in Los Angeles County from which the data was drawn. The
factors that influence debris production are:

1. Drainage area
2. Average slope of the longest water course from the uppermost

representative elevation to the downstream concentration point.
3. Drainage density or ratio of total stream length.
4. Hypsometric index or relative elevation at which the drainage

area is divided into two equal parts.
5. Three-hour rainfall.
6. Burn effect.

4-08 This method involves estimation of the total debris production for
a one square mile area and adjustment of that value to account for the
above six factors. Factors relating to the topography of the study
watershed were obtained from USGS Quadrangle maps. Plate 4 defines the
tributary boundaries. The 3-hour rainfall values were used for the
3-hour SPF local thunderstorm, which represents a worse case scenario
for sediment inflow into the main stem. Table 6 lists the tributaries
and the results of the Tatum calculations. The debris productions rates
shown represent ground conditions 4 to 5 years after 100 percent burn.
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The rates were judged reasonable for use as tributary sediment inflow
during the design flood. The tributary sediment was input into the
program during the rising side of the design hydrograph and consisted of
sand sizes.

Santa Anm River Canyon Bank Erosion

4-09 A one-dimensional program such as HEC-6 for sediment transport
modeling is limited to estimating the vertical aggradation/degradation
trends in a river. The lateral component of bank erosion cannot be
calculated in most sediment transport programs due to problems
associated with the prediction of bank erosion. Thus, in order to
account for the sediment contribution from bank erosion from the low
flow bank line to the edge of bank stabilization or canyon sides, an
estimate of the gross volume of eroded sediment was made. This data was
then input into the program as a constant rate of sediment inflow
consisting of sand sizes for the entire period of the design flood
hydrograph.
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Table 6. Results of Tatum Calculations for Tributary Sediment Inflow.

Drainage Debris
Tributary Ar~a Priduction

(mi ) (yd°) x 1000

A. Blue Mud 4.44 219

B. * 0.60 46

C. Box Cyn 0.65 65

D. Bee Cyn 1.32 89

E. * 0.56 55

F. Brush Cyn 1.52 82

G. Aliso 10.47 291

H. * 0.73 56

I. Walnut 2.36 95

J. * 0.52 46

K. 1.12 60

L. Weir 2.00 35

M. Gypsum 5.17 204

N. Coal 2.03 265

0. * 0.65 122

P. Fresno .170 189

Q. Wardlow Wash 5.71 83

Total 41.55 2,002,000 yd3

*Unnamed Tributaries.
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4-10 Basically, banks that are unprotected by revetment and located on

curves, that is, banks subject to impinging flood flows, were identified

as potential areas for erosion. The limits of bank erosion were

estimated primarily by engineering judgement using 1938 aerial photos,

observations of erosion caused by recent floods, HEC-2 overflow

analysis, and (1982) topographical maps, see plate 5. The volume of
sediment was computed as the plan view area of erosion multiplied by the

height of the bank. Table 7 presents the results of the analysis. This

estimate applies only to the design flood event.

Table 7. Results of Bank Erosion for Design Flood.

Plan View Height of Volume of
Location Area Eroded bank Ergded Bank

on Plate 5 (ft2 x 1000) (ft) (yd5 x 1000)

El 245 10 90

E2 1,110 11 448

E3 245 13 118
E4 1,820 8 540

E5 555 9 185
E6 190 8 56

E7 1,213 11 494

E8 220 13 106

Total 2,037,000 yd
3

SANTIAGO CREEK-DESIGN FLOOD SEDIMENT TRANSPORT

4-11 Santiago Creek is the only other possible source of sediment to

the main stem of the lower Santa Ana River. The total drainage area is
102 square miles. The available bed material load to the Santa Ana

River, however, would be severely reduced by the construction of the

Santiago Creek Project and the existing gravel pits and reservoirs
located on the creek. The drainage area is comprised of: Santiago

Reservoir (Drainage Area (D.A.) = 63 square miles), located 13 miles

upstream from the confluence; Villa Park Dam (Incremental D.h. below

Santiago Reservoir = 20 sq. mi.), located 10 miles upstream of the
conflueutce; and gravel pits (Incremental D.A. below Villa Park Dam = 9.1

sq. mi.), located 7 miles upstream of the confluence. The incremental
drainage area downstream of the gravel pits, consisting of urbanized

development, is 8.1 square miles. In general, the Santiago Creek

Project would consist of enlarging the existing gravel pits and channel

stabilization of the lower 6,000 feet of channel immediately upstream

from the confluence with the LSAR. The gravel pits would serve as a

(
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regulating reservoir, but would also be a sediment trap for the

inflowing bed-material load. The channel improvements downstream of the

gravel pits would be designed to prevent erosion. The combined

improvements would result in a negligible quantity of sediment load into

the LSAR.

4-12 For design flood conditions, a worse case scenario for sediment

inflow into the improved channel was developed to include both the Santa

Ana River Canyon and Santiago Creek. The analysis objective was to

ensure that the project would function under these heavy load

conditions. To estimate the sediment inflow from Santiago Creek, a

simplified procedure utilizing a sediment discharge rating curve was

employed. The rating curve was established using the Yang Unit Stream
Power transport function. The necessary hydraulic data was generated
from normal depth computations for a representative reach in Santiago

Creek. The resulting rating curve was then applied to the coincident
design flood hydrograph.

Sediment Yield

4-13 Sediment yield was estimated in the Santa Ana River Caryon to

verify the average annual sediment outflow to the Pacific Ocean and the
deposition within the channel, both of which were computed on an event
basis. The analytical methods presented for determining sediment yield
were developed from watersheds in the southwestern United States.
Estimates of sediment yield (long term supply of sediment) were made by
applying the Pacific Southwest Interagency Committee (PSIAC) method,

Flaxman's method, and from sediment depositional data from a nearby
Santiago reservoir. The sediment yield estimates developed from the
PSIAC and Flaxman methods would then be verified with actual sediment
yield measurement from Santiago reservoir.

Pacific Southwest Interagency Comittee Method

4-14 The Pacific Southwest Interagency Committee (ref. 22) has
developed a method of rating sediment yield from a watershed for use as
an aid for broad planning purposes only. The method consists of
numerically rating nine factors that influence sediment production in
the watershed and then summing up the ratings. This final rating

corresponds to a range of sediment yields in acre-feet per square
mile. The ranges of estimated yield values indicate that precision is
not the intended result of the PSIAC method.

4-15 The PSIAC Committee has tested their method against actual

sediment-yield values measured in ponds and dams ii, the southwest. The
comparisons were made on watersheds with drainage areas less than about
20 square miles. The PSIAC results either agreed with or were slightly
lower than the actual measurements.

4-16 The nine factors that are rated in the PSIAC method are surface
geology, soil, climate, runoff, topography, ground cover, land use,
upland erosion, and channel erosion/sediment transport. These factors
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were rated for the contributing watershed on the basis of data obtained
from aerial photography, tqpographic maps, Soil Conservation Service
soil maps, and on site observation. The nine factors were applied to
obtain an average annual yield of 1.64 acre-feet per square mile per
year.

Flarman Method

4-17 A relationship for predicting sediment yield in the western United
States was developed by Flaxman (refs. 18, 19 and 20). The equation
relates sediment yield to climate, topography, hydrology, and two soil
characteristics i.e., percent particles coarser than I mm and
aggradation or dispersion characteristics of clay size particles.
Several forms of the equation exist but the form used in this study is
from a paper by Flaxman (ref. 20):

yO.-5 - 86.07 - 5.30 (x) 0"5 + 7.33 (x2)0-5 _ 1.63 (x3)
0 "5

+ 10.79 (x4 )
0 _5 + 0.92 (x5)0-5

where:

y Sediment yield in tons per square mile;

xI  is the ratio, in percent, of the average annual precipitation in
inches to the average annual temperature in degrees F, quantity
divided by 1.43;

x2  is the average slope of the watershed in percent;

x3  is the percentage of particles coarser than 1.0 mm in the surface
2 inches of soil, divided by 72;

x4  is the percent of clay in the surface 2 inches of soil plus 100
if the pH of the soil is greater than seven, 100 minus the percent
of clay if the pH of the soil is equal to or less than seven; and

x5  is the 2-year flood discharge in cubic feet per second per square
mile (csm).

4-18 A special note should be made here that the units for Y do not
work out if a rigid unit analysis is made considering variable units
only. As discussed in the 1982 San Diego Sediment Seminar, the
coefficients include conversion factors that. adjust the input data such
that Y is in terms of tons per square mile. The theory used in
employing the above variables is as follows:

X1: The precipitation to temperature (P/T) ratio is intended as an
indirect expression of the natural response of vegetation to climate.
It was assumed that the higher the P/T ratio, the better the vegetative
cover, except when the watershed is disturbed. The divisor of 1.43
represents the best cover as indicated by the highest P/T ratio.
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X2 : Almost all efforts at predicting erosion and sediment yield

have used slope as an influencing factor.

X 3 : The purpose of using soil particles coarser than 1 mm was to

determine the effect of desert pavement on erosion and yield. The
divisor, 72, is the highest percentage of rock fragments in the

population.

X4: This factor is intended to be an indicator of the aggregation
or dispersion characteristics of the soil, with an alkaline reaction
assumed to symbolize dispersion, an acid reaction, aggregation.

X5 : The 2-year flood peak discharge, cubic feet per second per
square mile is assumed to resemble average annual maximum climatic
stress on a watershed.

4-19 Pertinent data and results of the analysis are presented in

table 8. Average annual yield ranges from 49 to 1,156 ton per square
mile per year (0.02 - 0.59 acre-feet per square mile per year).

Measured Data

4-20 Sediment yield data was available from Santiago Reservoir, which
is located in the Santa Ana mountains about 6.5 miles south of the Santa
Ana River Sanyon. The data indicated a yield rate of about 1.45
acre-ft/mi /year for a 16.8 year period of record starting December 1931
through September 1948.

Selected Sediment Yield Rate

4-21 Results of sediment yield analysis indicate that the yield rate
from the PSIAC method is reasonable for the area based on comparison to

sediment data on Santiago Reservoir. The yield rate from the Flaxman
method was unreasonably low. Therefore, the PSIAC method wa selected
for this study. Applying the PSIAC yield rate of 1.64 AF/mi /yeas to
the contributing drainage area of the canyon of about 42 to 50 mi would

yield 68.8 to 82 AF/year. Converting units to cubic yards would yield
108,000 to 132,000 yds/year. By applying a ratio that 40 percent of the
sediment yield is comprised of sand, which was presented by Brownlie

et. al. (ref 7), the sand sediment yield range would be 43,200 to
52,800 cubic yards per year. These figures would later be used for
comparison with the average annual sand outlfow and the channel
deposition computed using the incremental probability method.

Other Tributaries

4-22 Other tributaries in the improved channel reach are the
Greenville-Banning and the Carbon Canyon Diversion channels, which enter
into the Santa Ana River at river mile 1.3 and 15.9, respectively,
upstream from the river mouth.
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Table 8. Flaxman's Method For Sediment Yield.

VARIABLE Xl X2 X3 X4 X5

Precip P/T. /  Soil 2 yr Yield
Sub D.A (P) T=630F Slope 1mm Clay Flood .5 Toni
area mi2  in (M) % $ % (efs/sq mi) Y (mi)

A 4.44 12.0 .19 6 .26 86 11 15 225
(13)

B 0.60 12.2 .19 7 .26 86 17 17 289
(13)

C 0.65 12.0 .19 9 .26 86 18 20 400
(13)

D 1.32 12.0 .19 7 .26 86 12 17 289

E 0.56 12.0 .19 10 .26 86 18 21 441

F 1.52 12.0 .19 5 .26 86 13 14 196

G 10.47 12.0 .19 2 .26 86 7 7 49

H 0.73 13.0 .21 7 .26 86 15 17 289

I 2.36 12.0 .19 4 .29 85 13 11 121

J 0.52 12.0 .19 7 .29 85 19 17 289

K 1.12 12.0 .19 5 .29 85. 14 13 169

L 2.00 12.0 .19 6 .29 85 14 15 225

M 5.17 13.0 .21 6 .29 85 11 13 169

N 2.03 13.0 .21 15 .29 85 13 25 625

0 0.65 13.0 .21 25 .29 85 20 34 1156

P 1.70 13.0 .21 16 .29 85 13 26 676

Q 5.71 13.0 .21 7 .29 85 11 16 256

1/ Avg temp = 630F @ 710' MSL (1974 SAR Survey Report)
Avg precip from Santa Ana River Survey Report 1974, Plate 3, "Mean
Seasonal Precipitation".
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4-23 The drainage area on Greenville-Banning is 10.4 square miles.

Bed-material load to the Santa Ana River is judged insignificant because
the tributary drains urbanized area and therefore clearwater flow. In
addition, the magnitude of coincident tributary flow of 1,000 cfs is
small as compared to the design flow of 46,000 cfs on the main stem.

4-24 The total drainage area for Carbon Canyon Diversion Channel is
34.2 square miles. The drainage area is comprised of: Carbon Canyon

Dam (drainage area = 19.3 sq. mi.), located 5.0 miles upstream from the
confluence; and the Miller Stilling Basin (incremental drainage area
below the dam of 14.9 sq. mi.), located 1.5 miles upstream from the
confluence. There is no significant incremental drainage area
downstream of the basin. Bed-material load to the Santa Ana River is

also judged insignificant because of the dam and basin cutting off
sediment to the downstream channel. The coincident tributary flow of

2,000 cfs is small as compared to the design flow of 38,000 cfs on the
main stem.

4-25 This sediment study, therefore, does not include any sediment
inflow from the aforementioned tributaries for the design flood and for

the smaller floods on the Santa Ana River.
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5. SEDINM TRANSPORT ANALYSIS IN THE IMPROVED CHANNEL REACH

General Approach

5-01 The sediment transport in the improved channel reach was simulated
using both the Corps of Engineers' Hydrologic Engineering Center
sediment transport computer program HEC-6 and a HEC-6 modified version
H6NBS36 developed by Waterways Experiment Station. Sediment transport
in the project was simulated for the design flood and for the 10-, 25-,
50-, and 100-year floods under with project conditions. The computer
simulation with HEC-6 involved a detailed process summarized as follows:

1. Preparation and input of geometric, sediment and hydrologic data
for the program.

2. Calibration and verification of the various hydraulic and
sediment program parameters from known prototype events.

3. Execution of the program under project conditions for various
floods of interest.

4. Analysis of degradation and aggradation trends and
recommendations for design water surface profile computations.

5. Sensitivity analysis of the various program parameters and of
various design conditions.

The improved channel reach analyzed with the HEC-6 program extended from
the inlet at Weir Canyon Road downstream to the Pacific Ocean.

Calibration of the Program Data

5-02 The calibration process is the initial step in the development of
the HEC-6 model for latter use in bed response prediction under improved
channel conditions. Calibration of the HEC-6 model involves adjusting
and selecting various hydraulic and sediment parameters in the model in

(
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order to reproduce known historical bed aggradation and degradation
trends in the river over a given period of time. The calibrated model
will then serve as a basis for trial against a second set of conditions
associated with a flood event to test the model for bed change
prediction. This second proceduie is referred as the verification of
the model. Once the model has been calibrated and verified to
reconstitute historical events reasonably, then the model can be used to
predict bed changes of different flood events with confidence.

5-03 The geometric data set selected for calibrating the model was the
flood of 1978. Sufficient cross-sectional survey data were available
before and after the 1978 flood to determine the resulting bed changes
for the river reach from Prado Dam to the Pacific Ocean with the
exception of the reach near the confluence with Santiago Creek. To be
consistent with the model geometric adjustment, which uses a uniform bed
elevation change across the cross-section, the average 1978 vertical bed

change in each cross section was determined graphically from the survey
data plots. Plate 7 presents the before and after 1978 flood invert bed

profile. Hydrologic data was obtained from the USGS for the stream
gauges located on the Lower Santa Ana River, as discussed in paragraph
2-06. The various parameters in the calibration process which were
considered are:

a. the sediment transport function
b. the bed material gradation
c. the sediment inflow load
d. the percent of the moveable bed surface between cross sections
e. the Manning's "n" values

5-04 Although setting one of the above parameters may influence another
parameter, the most important parameter is the sediment transport

function, which is discussed later in paragraphs 5-08 to 5-10. The bed
material gradation used in this HEC-6 calibration analysis is shown on
plate 3. The sediment inflowing load was zero since-the model would
begin just downstream of Prado Dam. The data from the stream gauge

below Prado Dam indicated virtually zero bed material load passing
through the dam. The limits of the movable bed widths were established
considering the flow conditions and hardpoints such as revetted banks.

5-05 The actual calibration was performed by setting "n" values based

on current field conditiois and executing each of the four transport
functions available on HEC-6. The Yang transport function was selected
(see paragraphs 5-08 through 5-10) and used in all the subsequent
analysis with HEC-6 because the Yang function reconstituted the actual
changes closer than the other functions. The "n" values were adjusted
until a close agreement was accomplished with the observed bed
changes. The results of the HEC-6 calibration process are shown on

plate 7. It was concluded that the HEC-6 model was calibrated and that

it would be reasonable to proceed to the verification procedure.
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Verification

5-06 The verification of the calibrated HEC-6 model entails executing
the model against an entirely different flood event from which the model
was calibrated. The model is said to be verified when it reconstitutes
the observed river bed changes. To verify the model, the 1980 flood was
selected since there was adequate channel survey and hydrologic data
from which to determine the river bed changes and the corresponding
flood discharges. The Santa Ana River Canyon reach, however, was the
only reach where survey data was unreliable due to numerous man-made
changes. Consequently, the verification process was conducted for the
reach downstream of Weir Canyon Road, which is at the downstream end of
the canyon. To account for the sediment inflow from the canyon reach, a
sediment-discharge rating curve was instituted using the sediment-
discharge curve developed at the Ball Road stream gage (see paragraph
4-04 to 4-05. Translating the curve upstream to Weir Canyon Road, which
is the project channel inlet location, was judged reasonable, since the
channel between these two locations experienced insignificant bed change
during the 1980 flood.

5-07 The results of the verification run using Yang's transport
function indicate that the model agrees fairly well with the actual bed
changes, except for the channel reach extending from confluence with
Santiago Creek to the San Diego Freeway. In this reach, the model
underestimated the degradation of the channel. To reconstitute the
degradation quantities, the model was adjusted (calibrated) on a
preliminary basis by inputting a finer bed material gradation to
simulate the fine material existing in the channel, (see paragraph
2-11). The adjusted model did reproduce the degradation in this
reach. However, the adjustment was judged to be unnecessary because the
project calls for lining the channel with concrete in this reach, thus
preventing erosion. The bed material gradation in the model should
rather represent the material entering into the concrete reach.
Therefore, the model was considered to be verified without the
preliminary bed material adjustment. Plate 8 displays the before and
after 1980 invert bed profile and the results of the HEC-6 verification

simulation.

Sediment Transport Function

5-08 The HEC-6 program contains four different sediment transport
functions for computing the sediment transport in the river. The four
options are: (1) Toffaleti's method, (2) Madden's modification of
Lursen's relationship, (3) Yang's Unit Stream Power method, and
(4) DuBoy's method.

5-09 The selection of the appropriate sediment transport function was
based on two approaches. First, each function in HEC-6 was tested
against the historical bed changes in the calibration process assuming
the same basis of "n" values, sediment inflowing load, and bed-material
gradation. Application of the Toffaleti and the DuBoy's methods in the
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program produced changes in bed elevation that were much less than and

much greater than the historical, respectively. Attempts were made to

use the Laursen method, but internal problems with the program code
caused this method to be excluded from the calibration process. Lastly,
the Yang function was tested and resulted in predicted bed changes that
were in close agreement with the historical.

5-10 Second, the functions were tested against the measured load at the
Ball Road stream gage by using the program to compute the sediment load
with each function. In addition, the Ackers-White equation was computed
manually for comparison with the measured load for possible application
in the program if the other functions proved to be unsuccessful. The
results of the computed load versus measured load are shown on plate 9.
The results indicate that for the measured flow range of 1,000 to about
7,000 cfs, the Duboy and Yang function were fairly close to the measured
load. The Ackers-White equation produced lower sediment discharge
values than the Yang function and was dropped from further analysis.
Additionally, the Yang function proved to be the most successful in
calibrating against historical bed changes and was within an acceptable
range with the measured load. As a result of this analysis, the Yang
Unit Stream Power equation was selected for estimating the bed-material
load in the river. The Yang equation (ref. 10) used in this study is:

log C : 5.435 - 0.286 log wd_ - 0.457 log 21
v w

+ (1.799 - 0409 log wd- 0.314 log U2 log OVS VcrS)
V w w w

where:

Ct  = Total sediment concentration, in parts per
million by weight,

w = Terminal fall velocity of sediment particles, ft/sec
d = Median sieve diameter of bed material, ft
v Kinematic viscosity, ft2 /sec
U* = Shear velocity, ft/sec
VS = Unity stream power, ft/sec. ft/ft
VcrS = Critical unit stream power at incipient motion, ft/sec

REC-6 Input Data

CHAN1. GEOMETRY

5-11 The channel geometry under project conditions was obtained from
plan and profiles sheets in the Phase I GDM. Cross sections were
encoded into the HEC-6 model beginning at the project inlet at Weir
Canyon Road downstream to the Pacific Ocean. Spacing of the cross
sections ranged from 100 to 1,500 feet apart with an average of about
1,000 feet. Cross sections were also located at control invert points
in the river such as drop structures and stabilizers.
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BED MATERIAL GRADATION

5-12 The representative bed material gradation, as discussed previously
in paragraph 2-15, was used in the HEC-6 project analysis for all the
various floods, (10-, 25-, 50-, 100-year) including the design flood.
The program requires a gradation with each cross section defined in the
geometry data set. In order for the HEC-6 to represent the concrete-lined
channel and invert hardpoints such as drop structures and stabilizers,
the model was encoded with a bed material layer of 0.1 feet to exist on
the design invert. The 0.1 feet thick of bed material allows the
program to execute in a deposition potential mode only. Scour of the
bed will not occur in the concrete reach or at channel invert hardpoints.

HYDROLOGIC DATA

5-13 Several different flood events were investigated with the HEC-6
program to evaluate the adequacy of the project design with respect to
sediment transport. The floods analyzed were the project design flood
(170-year) and the 10-, 25-, 50-, and 100-year flood frequency events.

5-14 The hydrologic analysis for the Santa Ana River was conducted with
the Corps of Engineers' Los Angeles District Flood Hydrograph Package
(LADFHP). Flood hydrographs for the design flood were provided along
the project reach that included residual flow from tributaries in the
Santa Ana River Canyon and Santiago Creek. For all floods, balanced
hydrographs were developed based on with project condition and based on
both peak and volume frequency analysis from regulated releases out of
Prado Dam. For these floods, tributary inflow was neglected since there
are numerous coincident flow combinations between the main stem and each
tributary. To account for the inflow of sediment from tributaries in
the canyon reach, a sediment discharge ratiug curve was used at the
project inlet at Weir Canyon Road. For Santiago Creek, inflow of
sediment would be negligible with construction of a stable channel.
Plate 10 displays the balanced hydrographs. It should be noted that
tri-tary inflow from Greenville-Banning Channel and Carbon Canyon
Dive. sion Channel would not impact on transport of sediment since the
inflow discharges are small relative to discharges on the main stem.

IMPROVED CHANNEL HYDRAULIC ROUGHNESS

5-15 Hydraulic roughness is accounted for in the HEC-6 program by the
use of Manning's roughness coefficient "n". Under project channel
conditions, three different reaches were considered in terms of the
roughness coefficient. The first reach was the channel ocean reach with
soft bottom channel and vertical concrete flcodwalls at the lower end.
The second reach was the rectangular concrete lined channel downstream
of the confluence with Santiago Creek, and the third reach was the
trapezoidal soft bottom channel drop structure reach from Santiago to
the improved channel inlet. The "n" values used in the calibration
procedures were numerically estimated using Cowan's method described in
Chow's Open Channel Hydraulics (ref. 2) and adjusted to produce the
historical bed change. These "n" values would be utilized in the
channel ocean reach and drop structure reach; however, they would not be
applicable to the concrete lined reach.
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5-16 In a concrete lined channel with ephemeral high velocity flow, the

standard procedure would be to design the channel using a Manning's
roughness coefficient of 0.014. The deposition of sand on the concrete

invert could increase this value. If the amount of deposition is less
than 0.5 feet, then the increase would be due mainly to grain

resistance. Otherwise, any amount greater than this would result in the
possibility of bed formation, that is, the development of ripples,
dunes, or antidunes, which would cause form drag and increase the
resistance to flow. From the initial HEC-6 runs, the amount of

deposition was found to be generally greater than 0.5-foot. Deposition
would occur in the lower (downstream) portion of the concrete channel
reach from station 257+00 downstream to station 150+50. Therefore, the
Manning's "n" value would be adjusted to account for bed forms. The
remaining part of the concrete channel reach would not experience
deposition and be designed with the standard "n" value of 0.014.

5-17 For both the lined concrete and unlined channel ocean and drop
structure reaches, the bed forms for various discharges were determined
using the methodology by Vanoni (ref. 8). The result of the bed form
analysis indicated that at high flows, the bed form for the channel
ocean reacn and lower part of the concrete channel would be in plane
bed, while the drop structure reach would be in plane bed or
antidunes. Fz-om reference 1, the corresponding Manning's "n" values for
these bed forms would range from 0.012 to 0.022 for plane bed and 0.015
to 0.031 for antidunes. Moreover, the suggested values for sediment

transport analysis were 0.02 for plane bed and 0.025 for antidunes.

5-18 In summary, the Manning's "n" values utilized in the HEC-6
computations for the Santa Ana River were 0.02 for the unlined channel

ocean reach and the deposition portions of the lined concrete channel
reach, 0.014 for the concrete channel reach without deposition and 0.025
for the drop structure reach. The effect on the "n" value from the
revetment on the side slopes was not investigated because the side slope
"n" value applied against the riverbed would not significantly change
the composite "n" value. It should be noted that no significant
vegetation will be permitted in the channel. Operation and maintenance
clearing of vegetation and brush over 3 feet high is required. Low
flows will bend over and uproot smaller vegetation. In addition, the
current practice using temporary diversion levees located within the
channel for ground water recharge at low flows will be permitted since
uncompacted sand levees historically wash out at relatively low

floodflows of 2,000 cfs.

Results

GOER

5-19 The results obtained from the HEC-6 simulation of the design flood
as well as the lesser frequency floods appear to be reasonable. Since
it is beyond the state-of-the-art capability to accurately predict the
scour or deposition at specific locations, the results presented herein
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are in terms of the general trends of aggradation and degradation. To
ensure that the results are applicable in design, a sensitivity analyses
was conducted of various transport parameters in the HEC-6 program which
influence the sediment transport calculations. In addition, various
channel conditions were investigated since it is possible that the
channel would not be at the design invert at the start of the design
flood.

DESIGN FLOOD

5-20 The HEC-6 simulation of the design flood was conducted for the
reach from the improved channel inlet at Weir Canyon Road downstream to
the Pacific Ocean using two different cases of sediment inflow since the
sediment inflow would be variable over the project life. The two cases
are the maximum and minimum sediment inflow into the improved channel
reach. The objective was to bracket the trend of aggradation and
degradation within the channel for use in hydraulic design.

5-21 For the case of the maximum sediment inflow, the results of the
HEC-6 analysis indicate that at the peak of the design flood, deposition
would be significant just downstream of the improved channel inlet and
at the lower end of the concrete channel and channel ocean reach. For
the first drop structure reach (stations 1204+70 to 1157+60), the depth
of deposition would be up to 2.2 feet. The other drop structure reaches
show no bed change. In the lower end (stations 242+60 to 0+00), the
deposition would be up to 7.3 feet. At the end of the design
hydrograph, there are some additional subreaches in the drop structure
reach that experience deposition. The overall sediment depths were 1 to
2 feet higher. In the channel ocean reach and downstream end of the
concrete channel, the depositional slope ranged from S = 0.0006 to
0.0012 at the peak flow and at the end of the design hydrograph. The
depositional slope of 0.0012 compares favorably with the historical
slope of S = 0.0011. As a result, the preliminary design depositional
slope was selected as that slope that was present at the maximum river
water surface elevation, which for all reaches coincided with the peak
of the design hydrograph. The preliminary design slope was tested and
further refined in the sensitivity part of the analysis. The design of
the channel levee heights could be established with these results.

5-22 In contrast, the HEC-6 analysis for the minimum sediment inflow
was performed by using a zero value for the inflowing load from all
sources. The results indicate a potential for general scour of up to
8 feet below the design invert between invert control points in the
upstream reach of the drop structures (station 1204+20 to 1157+60). In
the reach just downstream of the concrete-lined channel (channel ocean
reach), the scour would be up to 6 feet below the design invert.
Although this is an extreme opposite of the analysis above with sediment
inflow, the result provides for design of the slope protection toe
depths in this reach.
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SSITIVITY AALYSIS

5-23 Because of the uncertainties involved in the sediment transport
theory, additional sensitivity analyses were made of the various HEC-6
program input variables and of various channel conditions likely to
occur preceding the design event. The program parameters include the
roughness coefficient "n" and the bed-material gradation. The
alternative channel conditions include the formation of a sand plug at
the ocean outlet, initial deposition in the channel, and high and low
downstream water surface elevations with respect to tidal fluctuation.

Roughness Coefficient "n"

5-24 As previously discussed in paragraphs 5-15 to 5-18, the "n" values
used in the analysis were based on the channel conditions including the
effect of bed forms. To ensure that the improved channel will function
in terms of deposition on the bed during the design flood, the "n" value
was increased to 0.03 in all reaches of the HEC-6 model. The higher
value will result in reduced sediment transport capacities which in turn
may result in higher deposition. The result of the computations
indicate that the quantity of channel aggradation is not sensitive to
the "n" value. The deposition with n = 0.03 was less than or equal to
the design deposition amount.

Bed Material Gradation

5-25 The bed material gradation used in the analysis was based on a
graphical average of the samples obtained directly from the streambed.
The sensitivity of the gradation was examined by increasing the size
fraction of the larger particles such that the d50 particle size
increased from 0.5 to 0.75 mm. The amount of increase was based on the
gradation range of the individual samples. The amount of aggradation
was found to be insensitive to the increased particle size. The
deposition for particle size of d50 equal to 0.75 mm was less than or
equal to the design deposition amount.

Sand Plug

5-26 Under existing conditions, the littoral drift of sand across the
ocean outlet forms a sand plug that reduces tidal ocean waters from
flushing in and out of the river. To address the impact of this plug
forming under project conditions, the HEC-6 analysis geometric data was
adjusted by estimating that the sand would deposit up to elevation
0.0 feet NGVD for the entire lower reach. The design invert daylights
at elevation 0.0 feet NGVD approximately 1.9 miles upstream from the
outlet and drops to elevation -7.0 feet NGVD at the stabilizer near the
ocean outlet. The results of the computations indicate that the sand
plug would wash out before the peak of the design flood. The amount of
aggradation did not exceed the design deposition slope.
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Antecedent Flow

5-27 In addition to a sand plug forming, deposition in the channel
ocean reach could also form as a result of lower frequency floods or
antecedent floods preceding the design event. In order to simulate the
initial movement of sediment prior to the design event, a flow of
5,000 cfs for a period of 38 days, which represents the volume of water
to empty Prado Basin, was considered applicable. The flow rate of
5,000 cfs corresponds to historic releases. The sediment deposition
during the design flood was quite sensitive to the initial bed
conditions. It was found that the quantity of deposition in the channel
ocean reach was twice the amount with antecedent flow than without. As
a result, a new depositional design slope was determined. It is
important to note that this new depositional design slope was considered
as the final design slope for use in the subsequent hydraulic design for
computing water surface elevations. Plate 11 graphically displays the
channel invert profile and the sedimentation profiles for the hydraulic
design of the channel at peak design discharge. At the end of the
design hydrograph, there are some additional subreaches that experience
deposition. Plate 12 graphically presents these results. Plate 12 is
provided for trend information only and is not intended to be used in
the hydraulic design.

Tidal Influence

5-28 The fluctuation of the starting water surface elevations (WSEL)
for backwater computations could influence the sediment transport
characteristics and capacity of the downstream channel as noted in a
paper by Dixon et al (ref. 30). In the Los Angeles District, the
current design practice for the starting WSEL is to use the peak
discharge of the design event coincident with the mean higher water
(MHHW) elevation above mean-sea-level (MSL). A starting WSEL of
2.54 ft. MHHW was used in this analysis throughout the design
hydrograph. To examine the sensitivity of this value with respect to
sediment deposition in the downstream channel, an evaluation of the peak
flows and higher high tides was conducted using tidal data obtained from
NOAA (ref 31). The tidal data was in the form of a statistical month
based on 17 years of recorded data at Newport Beach, which is just south
of the outlet channel. The timing of the starting WSEL in the model was
adjusted such that the peak flow for the design flood hydrograph was
coincident with peak MHHW of the statistical month tidal hydrograph.
Plate 13 graphically displays the tidal hydrograph. The peak MHHW is
about 4.22 ft (MSL Datum), which is only 1.68 ft higher than design
condition. The results of the computation indicate that aggradation is
not sensitive to the fluctuation. The reason is because the tidal
hydrograph fluctuate more rapidly than the design flood hydrograph. The
fluctuation in downstream WSEL cause less backwater at low tide levels
and transports the aggraded sediment further into the ocean.
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6. AVERAGE ANNUAL DEPOSITION hID SAND OuTFLOv TO THE PACIFIC OCEAN

Methodology and Results

6-01 An analysis was conducted to determine the average annual
aggradation in the project reach and the sand outflow to the Pacific
Ocean for maintenance and mitigation measures as a result of the
project. Estimates of average annual aggradation and sand outflow for
the with and without improved channel (project) conditions over the
project life were determined using the weighted incremental probability
method. Estimates of average annual aggradation and sand outflow for
historical conditions after closure of Prado Dam in 1941 were performed
using existing available data.

6-02 For the with project condition, the incremental probability method
is applied by evaluating the 10-, 25-, 50-, 100-year floods, and the
design flood, which has a frequency of 170-year, with the HEC-6 program
to determine the volume of deposition and sand outflow for each flood.
The sediment volumes are then weighted by the incremental probability of
occurrence for any given year by the relationship:

QSannual = .006 (VOL170 ) + .004 (VOL17 0 + VOL10 0) + .01 (VOL10 0 + VOL5 0)

2 2

+ .02 (VOL50 + VOL2 5) + .06 (VOL2 5 + VOL1 0 )

2 2

Where Qs is average annual (deposition or sand outflow) and the 170-,
100-, 50-, 25-, 10- are the subcripts for floods with their respective
return period in years. Floods less than the 10-year flood were not
included in the analysis because these smaller floods would not
contribute a significant quantity of sediment in terms of channel
deposition or sand outflow. Under improved channel conditions, the
average annual channel deposition and sand outflow to the Pacific Ocean
were estimated to be 31,000 and 36,000 cubic yards, respectively. The
total of the two is 67,000 cubic yards.
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6-03 For the without project condition, the same procedures were
applied as for the with project condition except for the design flood.
In this case the design flood would cause levee failure of the existing
channel, resulting in sediment exiting into the flood plain. The
sediment volumes, not including the design flood, are weighted by the
incremental probability occurrence by the relationship:

QSannual = 0.01 (Voll0 0 ) + 0.01 (Voll0 0 + Vol5 0)

2

+ 0.02 (Vo150 + Vo1 2 5 ) + 0.06 (Vo1 25 + Vol1 0 )

2 2

6-04 The without project average annual deposition and sand outflow to
the Pacific Ocean were estimated to be 24,000 and 25,000 cubic yards,
respectively. The total of the two is 49,000 cubic yards. By not
including the design flood, the difference of 18,000 cubic yards (67,000
minus 49,000) reflects the average annual deposition into the flood
plain. It should be noted that this figure is a gross estimate since it
does not include wash load and it does not account for timing of the
levee breach during the design event.

6-05 The average annual deposition and sand outflow under historical
conditions were computed by using data from stream gage and historical
channel removal records. For the period from 1941 to 1971, an estimate
of the coarse sediment discharge was made by the USGS (ref. 6) for the
stream gage at Fifth Street in Santa Ana. The estimate was adjusted by
the Corps of Engineers by including sediment outflow to represent the
period up to 1978. The adjusted sand discharge at the gage was about
140,000 cubic yards per year. From reference 15, the estimated average
annual sand deposition downstream of the gage for about the same time
period was 60,000 cubic yards per year. Thus, subtracting the
deposition yield from the sand discharge yield produces an estimated
average annual sand outflow of 80,000 cubic yards per years. It is
important to note that these estimates would slightly increase with the
inclusion of the recent flood events. However, an attempt to include
these events was found to be difficult because of the problem with the
streamgage records at Fifth Street during 1980 flood and the channel
scour downstream of the gage producing an additional source of sediment.
Consequently, the above values without the recent floods were considered
reasonable for the long term historical average.

6-06 The average annual deposition and sand outflow for the with and
without project channel conditions were estimated with the equation
noted previously. The deposition was found to occur in the lower
4 miles of the project channel. Table 9 summarizes the deposition and
sand outflow quantities for with and without project conditions and for
historical conditions.
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Table 9. Sediment Yields for Various Floods.

Sediment Sand
Channel Flood Depositign Outflow

Condition (year) (X 1000 yd ) (X 1000 yd3)

With project 170 1,509 2,303
100 679 524
50 367 324
25 180 195
10 39 54

annual 31 36

Without project 170 1/ 1/
100 "484 923
50 340 336
25 231 136
10 90 11

annual 24 25

Historical Condition
(1941-1978) annual 60 80

1/ Not included in annual computations because flood would breach
levees, resulting in sediment exiting the channel system.

Comparison Vith Average Annual Yield Calculations
for the Santa Ana River Canyon

6-07 In order to determine the reasonableness of the estimate of the
with-project average annual sediment production, a comparison was made
between the sediment yield estimate of the canyon reach with the project
yield. As discussed in paragraph 4-21, several methods were used to
estimate the canyon sediment yield. From that analysis, it was
determined that the sand sediment yield would range from 43,200 to
52,800 cubic yards per year. The with-project sand sediment yield of
67,000 cubic yards per year compares favorably and would be considered
very reasonable with respect to the sediment yield of the canyon. In
other words, the difference in sediment yield estimates of about
30 percent is well within the accuracy in sediment transport technology
with respect to sediment yield determination.
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Frequency of Cleanout

6-08 As part of maintenance requirements for the channel design, an
upper grade limit was established to identify the sediment removal
required from the channel to maintain the design flood protection.
Sediment would be allowed to accumulate to the upper grade limit line
shown on plate 14. Once sediment deposition exceeds this limit, the
sediment must be removed to the design invert.

6-09 The upper grade limit was based on the bed change in the HEC-6
analysis after antecedent flow of 5,000 efs for 38 days. The bed change
encompassed a deposition bed slope of 0.0007986. This corresponds to a
deposition volume of about 660,000 cubic yards. Based on the average
annual sediment deposition of 31,000 cubic yards per year, the channel
in the lower reach would have to be cleaned out on the long term average
of once every 21 years.

6-10 The upper grade limit was raised to elevation 0.0 feet msl in the
reach downstream of where the upper grade limit crosses elevation 0.0 at
station 69+33. The adjustment was made to allow sediment to accumulate
upstream of the sand plug that usually forms at the river mouth. This
geometric condition was also tested in the design HEC-6 analysis. The
resulting bed change did not exceed the design deposition amount.
Therefore, sediment will be allowed to accumulate to the adjusted limit.
No sediment removal maintenance is expected in the drop structure
concrete channel reach from the inlet at Weir Canyon Road downstream to
the concrete channel station 223+35.
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I. BAO(GROUND

The Santa Ana River drains a large, arid watershed and conveys flood

water through developed areas valued at many billions of dollars. The lower

river is virtually dry most of the year but has experienced peak discharges of

up to 327,000 cfs for the flood of January, 1882. The flood of 1938 had a peak

discharge of approximately 100,000 cfs and its damage inspired major chan-

nelization efforts as well as the construction of Prado Dam. The next major

flood occurred in January and February, 1969 and had a peak discharge of

approximately 36,000 cfs. The floods of March, 1978 and February, 1980 also

caused notable damage.

The Phase I GOM calls for significant improvements to the Lower Santa Ana

River. From Weir Canyon Road to the Santiago Creek confluence, the plan calls

for a soft bottom, trapezoidal channel with 18 to 24 inch riprap on the baoks.

From the Santiago Creek confluence to the San Diego Freeway, the channel will

be trapezoidal with concrete sides and bottom. From the San Diego Freeway to

the river mouth, the channel will be rectangular with concrete sides and a soft

bottom. Since this portion of the river has historically been a reach of depo-

sition, there is no need for lining the bottom of the channel.



II. DESCRIPTION OF SEDIMENTATION STUDY

The objectives of the sedimentation study for the Lower Santa Ana River

design include the following:

(1) Convey flood waters safely to the ocean without overtopping in the
main stem or its tributaries.

(2) Account for erosion of the river bed and banks durings a flood
event.

(3) Account for local scour at road crossings, tributary inflows, etc.

(4) Estimate maintenance involved in removing large quantities of sedi-

ment in deposition reaches, especially near the river mouth.

Because of the relationship between hydrualics and sediment transport, it

is important to incorporate their effects upon each other into the project

design. In order to analyze this complex problem correctly and completely, the

following approach was used by the Los Angeles Corps of Engineers.

(1) Assess the behavior of the existing Santa Ana River using available
data and historical accounts of previous floods.

(2) Use measured data such as flood stages and sediment concentrations
to determine the applicability of the HEC-6 computer program "Scour
and Depsoition in Rivers and Reservoirs."

(3) Determine the response of the proposed project to the design flood
using HEC-6. Areas of scour and deposition should, in general,
correspond to historical events.

(4) Use several qualitative and quantitative methods in addition to
numerical modeling to perform sedimentation analysis to provide sup-
port for conclusions drawn.

(5) Conduct a sensitivity analysis by varying parameters that have a
large uncertainty such as roughness and sediment loading. Determine
the effect of these variations on the computed solution.

This approach is thorough and systematic. It uses available historic

data and uses several different analysis methods to verify the results. The

following chapter is a summary of the results and procedures of the Phase II

6DM sedimentation report for the lower Santa Ana River.

(
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III. SUMMARY OF LOWER SANTA ANA RIVER SEDIMENTATION REPORT

The study was conducted by the Los Angeles District Corps of Engineers,

Engineering Division, Hydraulics/Hydrology Branch. A summary of the Co-os of

Engineers' study follows.

The study reach starts from the river mouth at the Pacific Ocean and ends

at Prado Dam approximately 31 miles upstream. From the ocean to river mile 23,

the river is channelized with both concrete and revetted side slopes and a soft

bottom. From river mile 24 to Prado Dam there is essentially a natural channel

through what is known as the Santa Ana River Canyon. Santiago Creek is the

main tributary and it enters at approximately river mile 11.

Data collection efforts turned up maintenance records that indicate the

average annual sediment deposition in the study reach is 55,000 cubic yards per

year. Aerial photos were available for 1982, 1974 and 1938. Bed material .ana-

lysis indicates about 90% sand and 10% gravel. Channel surveys were performed

after the 1978 and 1980 flood events. Project channel geometry was taken from

the Phase I GDM. Streamflow data was recorded below Prado Dam, at Imperial
Highway, at Ball Road and at Fifth Street. Suspended sediment measurements

were also made at these gaging sites. The gage measurements were corrected to

account for the unmeasured sediment load.

A qualitative analysis using the Lane relationship indicated the upper

portion of the channelized project reach will experience aggradation; the area

just upstream from the Santiago Creek confluence will remain stable; the all

concrete reach will maintain its design invert elevation; and deposition will

occur downstream from the San Diego Freeway. The results are shown in Table 2

of the Corps study.

An equilibrium slope analysis using Yang's equation yields general

results similar to the qualitative analysis. It was determined that bed
armoring would be unlikely to occur during the design flood due to the relati-

vely small representative grain size. Table 4 indicated the armor grain size

is between 10 and 70 mm. The d95 grain size however is 2 mm.

A limiting degradation slope was estimated using 4 different methods:

Schoklitsch bedload equation, Meyer-Peter Muller bedload equation, Shields

diagram and Lane's critical tractive force method. These methods yielded

stable slopes of 0.000029, 0.000029, 0.0000073 and 0.000004 respectively.

A relationship between sediment 6ischarge and water discharge was deve-

loped. It incorporated all sediment sources in the canyon reach upstream from

3



the proposed project. Stream gage data was available for sediment loads for

discharges up to 14,000 cfs. The computer program HEC-6 was used to estimate

sediment loads for higher discharges. Tatum's method was used to estimate

sediment yield from the watershed during a design storm. Bank erosion esti-

mates were made by examining aerial photographs. The Pacific Southwest Inter-

agency Committee method and the Flaxman method were also used to estimate sedi-

ment yield. A sediment yield rate of 1.64 acre-feet/square-mile/year was

determined for the canyon watershed above the project reach. This compared

well to reservoir deposition data indicating a 1.45 acre-feet/square-mile/year
sediment yield rate at nearby Santiago Reservoir. An average annual sediment
inflow of up to 132,000 cubic-yards/year was determined to enter the project

reach. Note that this number includes sand, silt and clay sizes.

Sedimentation analysis was carried out using the Corps of Engineers com-

puter program HEC-6 and a modified version known as H6NBS36. The geometric

data covered the project inlet at Weir Canyon Road to its outlet at the Pacific

Ocean. The program was calibrated using data from the flood of 1978. Yang's

unit stream power method was used as a transport function in HEC-6. The cali-

bration was performed by adjusting the Manning's n value of each section until

agreement was obtained between computed and observed bed changes. The

calibrated data set was verified using records from the 1980 flood. The bed

changes were reproduced fairly well except for the reach downstream from the

Santiago Creek confluence. In this reach, computed degradation was less than

the degradation observed during the 1980 flood.

The data set for the project condition was developed from plans in the

Hydraulic Appendix in the Phase I GDM. Grafn size analyses were performed

throughout the study area and a single representative grain size distribution

was used (Plate 3). The project condition was evaluated using balanced

hydrographs representing 10, 25, 50 and 100 year frequency flood events as well

as the design event. The following roughness values were used for the project

condition: n=0.02 for the downstream reach, n=0.015 for the concrete lined

middle reach, n=0.025 for the unlined upper reach (drop structure reach). Form

drag caused by bed forms was included in the development of n values.

The design flood was simulated for the project condition using the HEC-6

computer program. Two different inflowing load curves were used to encompass

41 maximum and minimum streambed changes. The results indicate that deposition of

4



up to 2.2 feet will occur in the upstream reach. Deposition of up to 7.3 feet

will occur in the downstream reach. The middle reach remained fairly stable.

Note that all three reaches are channelized. A second simulation using clear

water inflow indicated 6 to 8 feet of scour in unlined drop structure reaches.

This worst case erosion scenario was used to estimate toe depths of lined

banks.

A sensitivity analysis was performed to account for the uncertainties

involved in sedimentation analysis. The Manning's n value was increased to

0.03 in all reaches but had only a small effect on computed bed changes. The

D50 grain size of the bed material was increased from 0.5mm to 0.75am but this

also had little effect on the computed results. The reason for this is because

all reaches with unlined channel bottoms experienced deposition thus bed grain

size should have no effect upon solutions computed by HEC-6. A sand plugoften

forms at the Santa Ana River mouth during the summer months. The sand plug

would wash out before the peak of the design flood. An antecedent flow of

5,000 cfs for 30 days resulted in twice as much deposition near the river mouth

during the design flood event. A tidal elevation of 2.72 feet was used for the

downstream boundary condition for the design event. Variations in the tidal

elevation had little effect on the riverbed near the ocean.

The incremental probability method was used to compute the average annual

sand outflow to the ocean and the average annual deposition in the project

reach. The results indicated that 31,000 cubic yards of sand per year depo-

sited in the project reach. The sand outflow to the beach was 36,000 cubic

yards per year. From gage records, it was estimated that the sand outflow to

the ocean is 80,000 cubic yards per year. It was estimated that the frequency

of maintenance in the downstream reach would be approximately every 20 years.

No maintenance is expected in the upstream or middle reaches.

5



IV. REVIEW OF SEDIMENTATION ANALYSIS

4.1 Qualitative Analysis

A qualitative analysis using the relationship

qs D5DaqS (4.1)

Where qs = sediment discharge per unit width

D50 = median sediment size

q = water discharge per unit width

S = channel slope

This relationship is based upon Lane's Work (see Reference 1). Section III B of

the Phase II GDM states, "When sediment transport rate increases, degradation

will occur and the bed slope will flatten. Conversely, a decrease in one of

the right hand side variables will result in a decrease of the sediment

transport rate; deposition will occur and the bed slope will steepen." The

results shown in Table 2 (Evaluation of Qualitative Response of Santa Ana

River) of the COE report are basically correct. SLA suggests that the sentence

referenced above be modified to "When the sediment transport capacity in-

creases, degradation will occur. When the channel slope decreases, aggradation

will occur."

4.2 Bed Armoring Potential

Five methods were used to compute the particle size for which bed

armoring would occur. The size ranged from 10 mm to 70 mm. Only a small

amount of coarse material is available so bed armoring is not expected to be a

dominant physical process in the project reach below Weir Canyon Road. Bed

armoring may occur, however, in the canyon reach above the project, especially

at lower sustained discharges. The impact will be to slow down bed erosion in

the canyon reach. The COE analysis took into account the potential range of

sediment supply and the corresponding slope changes. SLA concurs with the COE

analysis.

4.3 Equilibrium Slope Analysis

Yang's unit stream power equation was used to compute the slope for which

the bed would be stable. This analysis yields results that can be expected

under normal flooding and sediment supply conditions. This is sometimes

referred as "dynamic equilibrium" condition. The results generally agree with

the qualitative analysis.

6



4.4 Limiting Channel Slope

The stable slope is estimated based upon incipient motion criteria for a

given particle size and represents a situation that may occur if there is

little or no inflowing sediment load. This is sometime referred to as "static

equilibrium" condition. A stable slope was computed using four different

methods. The design discharge was used to compute the expected bed shear. The

stable slope ranged from 0.000004 to 0.000029. This is substantially less than

the existing average channel slope and could result in general degradation of

up to five feet. SLA concurs that this is a conservative estimate of bed ero-

sion and can be used to estimate toe down on bank lining.

4.5 Sediment Discharge Relationships from Stream Gage Data

The USGS measurements were corrected to exclude wash load and to include

an estimate for the unmeasured load. Figure 4.1 shows a comparison of the

measured sediment load at Ball Road to load curves predicted by various analy-

tical methods. The inflowing load computed by HEC-6 agrees quite well with

measured data. Since there are no sediment or discharge gaging stations at the

river mouth, SLA agrees with the COE procedure to use the Ball Road gage to

estimate sand outflow to the coast.

4.6 Sediment Yield from Canyon Reach

Several techniques were used to estimate the average annual sediment

yield from the canyon reach which is just upstream from the project inlet. The

Pacific Southwest Interagency Committee (PSIAC) method gave a sediment yield of

1.64 acre-feet/square-mile/year. The contributing drainage area is 42 to 50

square miles. The average annual sediment inflow to the project reach is

108,000 to 132,000 cubic yards/year. The sediment yield estimate based on

deposition data from a nearby reservoir indicate a sediment yield rate of 1.45

acre-feet/ squarermile/year. The PSIAC method gives the total sediment yield.

The sand yield ranged from 43,200 to 52,800 cubic yards per year. SLA finds

that the results of the PSIAC method are resonable based on comparison with the

reservoir data.

4.7 Sediment Transport Analysis Using HEC-6

The input data set for HEC-6 was adjusted to reproduce the flood of 1978.

The method used was to change the n values until computed bed changes matched

7
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the observed changes. A -separate HEC-6 data set was used to reproduce the

flood event which occurred in 1980. Although there were slight changes in the

channel geometry, the river characteristics were similar during the 1978 and

1980 flood events. The second computer simulation revealed that HEC-6

underestimated the severe degradation that occurred downstream from the Santiago

Creek confluence during the 1980 flood. It did, however, reproduce the depth

and location of the initial degradation (downstream from Fairview St. Bridge).

SLA agrees with the Phase II GOM requirement for complete lining of this reach

because both observed and computed data indicate that bed degradation would

occur if it was unlined. The successful reproduction of the two aforementioned

flood events indicate that HEC-6 is an appropriate simulation tool for this

flood event.

The Yang equation for total sediment load was used throughout the study.

This procedure assumes that the amnunt of sediment transported is proportional

to the unit stream power (the product of the average velocity and the energy

slope). This equation was developed by using numerous laboratory and field data

pertaining to sand size and the unit stream power is a key parameter ii determ-

ing the transport capacity. As long as the physical conditions occur near the

range of data from which the equation was developed, the results will be

reasonable. Plate 9 (Comparison of Computed and Measured Load, Ball Road Gage)

of the Phase II GDM indicates that of all the relationships available in HEC-6,

the Yang equation fits the observed data the best. SLA concurrs with this

choice.

A table should be included that lists the n values used for each reach for

each of the various runs. The source of the value should also be listed (either

from calibration or from estimation). Any other calibration parameters used in

the study should also be displayed in a table. SLA concurs with the values of

Manning's n used for the HEC-6 analysis in this study.

Figure 4.2 shows a plot of total sediment volume vs. exceedance probabi-

lity. The curve was developed by computing the sediment inflow to the project

reach for each flood hydrograph using the transport relationships from the HEC-6

analysis of the canyon reach. Using the incremental probability method indi-

cates that the average annual sediment inflow for the project reach is 68,900

cubic yards per year. This is slightly more than the estimated sand yield from

the canyon reach of 43,200 to 52,800 cubic yards per year. The deposition

(31,000 yd3/year) plus sand outflow (36,000 yd3/year) for the project condition

was very close to the HEC-6 inflow volume of 68,900 cubic yards. An HEC-6 ana-

lysis for existing conditions may give more insight into the impacts of the pro-

ject on sand delivery to the beach. Comparing the computed results for project

9
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conditions to the observed measurements for existing conditions may not give an

accurate picture of the potential project impacts. For example, the Draft Phase

I GDM for the Santa Ana River states that slightly more sand will reach the

ocean under project conditions (page 58). The source of this conclusion is not

known but SLA recommends that additional analysis for the sand outflow estimates

would be worthwhile.

4.8 Sensitivity Analysis

A sensitivity analysis was performed to test the reliability of the HEC-6

numerical simulations. It is possible that n values could be 0.03 or higher if

vegetation is allowed to grow in the channel. This case was tested and found

to have only a minor effect on sediment transport behavior. Other factors

tested were bed-material gradation, the formation of a sand plug at the river

mouth, the effect of a significant antecedent flow before a flood event and the

effect of changing the tidal boundary condition. The only factor that had a

large effect on sedimentation behavior was the presence of a significant antece-

dent flow which resulted in a change initial bed condition. This is an impor-

tant facet of the study because the presence of a dam upstream usually results

in a decrease of peak flood discharges and a substantial increase in the dura-

tion of a flood. The hydraulic design was performed using the maximum amount of

deposition expected during an event. This accounts for the additional freeboard

necessary when there are sand deposits on the bed. SLA finds the sensitivity

analysis to have been performed appropriately.

4.9 Channel Maintenance

The allowable sediment deposition gradeline is shown in Plate 14 (Upper

Sediment Level). The COE estimates that the channel will reach this level about

every 20 years. SLA fines this reasonable based upon the estimated average

annual sediment deposition of 31,000 cubic yards per year.

11



V. INDEPENDENT SLA ANALYSIS

In order to check the results obtained by the Corps of Engineers, Simons,

Li & Associates performed some additional analysis. A brief description

follows:

5.1 Sediment Routing

The Meyer-Peter, Muller bedload equation along with a modified Einstein

integration procedure was used to estimate the total sand transport capacity of
the river. The river was divided into 20 reaches of similar hydraulic charac-
teristics. Depths and velocities for the design discharge were provided by the

Corps of Engineers. Table 5.1 shows the computed sediment transport results.
The change in sediment transport capacity divided by the reach length and bot-

tom width yields the rate of deposition or scour. The upper reach has a

transport capacity of approximately 1 million tons per day at the design
discharge. At station 745+40, near Katella Avenue, the design velocity

decreases due to a change in slope. This causes the transport capacity to drop

to about 650,000 tons/day. The computations indicate that deposition will

occur at the design discharge for this reach (reach No. 11). Reach number 10,
downstream from the Katella Avenue reach, indicates that scour will occur at

the design discharge. This is because the transport capacity is greater than

the amount of sediment supplied by the reach just upstream. Although the
design slope of this scour reach is the same as the deposition reach just
upstream, the channel width decreases so the design velocity increases. Figure

5.1 shows a plan and profile view of the river section discussed here. The

channel is likely to develop a new equilibrium slope in reach number 11 after 1

to 2 feet of deposition occur. This will slow down the general scour in reach
number 10. The transport capacity in the fully lined reaches (numbers 5 and 6)

seems sufficiently high to prevent deposition. Reaches 1 through 4 indicate

deposition. In general, SLA finds this analysis to agree with the HEC-6

results for the project condition. SLA suggests that the potential deposition
in Reach 11 and the potential scour in reach 10 should be further evaluated.

12



TABLE3,1 SEDIMENT ROUTING Sutmmay

AVERAGE AVERAGE AVERAGE TIMSPORT BED

REACH STATION OESCRIPTION Q OHNNEL DEPTH VELOCITY WIDTH CAPACITY CANGE

kw=. NUMBERS (CFS) SLOPE (FT) (FT/SC) (FT) (TIoMAY) (FT/DAY)

1 9.38 TO 146*32 PACIFIC 0 46S8 1.8120 11.9 3.6 411 666136 EQJIL

2 146.32 TO 191.$5 ADAMS AVE 46818 0.0064 13.S 9.3 365 64292 *1.2

3 191.85 TO 24834 4601 0.9564 13.1 18.6 246 39936 +2.0

4 2484 TO 273*63 S.D. FIY 4689 6.50182 11.4 11.4 246 1123324 .6.3

5 273.11 TO 39841 EDINGER AV - 46066 .0028 14.3 16.3 211 4342351 CEAN

6 39810 TO 525.38 17TH ST 46888 1.16275 14.6 15.1 216 3U47692 CLEAN

7 525*38 TO 681.75 GON GRV IL 42108 0.0199 12.9 11.4 30 1447640 -2.0

9 601+75 TO 644.36 5 AMA FWY 42100 1.00172 13.3 11.7 31e 1157687 -1.5

9 644+36 TO 689+35 ORNGWD AVE 41NS1 1.08168 15.1 1.6 3m 115733 -1.4

13 639+35 TO 716.83 ORANGE FWY 4066 1.10194 13.3 1.2 296 912874 -4.2

11 716.38 TO 745.41 KATELLA AVE 40610 0.18194 12.7 9.1 344 65S278 +6.4

12 745+45 TO 315.91 BALL ROAD 46666 1.60210 11.1 10.6 340 1168328 EQUIL

13 811.90 TO 843.90 LINCOLN AV 40868 0.0209 11.4 18.2 348 101455 EQUIL

14 343.9 TO 891.40 GLASSELL 3808 1.18221 13.7 18.4 58 1877819 E[JIL

15 691 4 TO 914+85 AT6SF RR 381180 8.80223 18.6 11.5 348 11188 EQUIL

16 914.35 TO 977.98 RYRSZDE FWY 38088 0.8229 18.6 11.6 34 1168898 EtJIL

17 977.98 TO 1031+71 LVIEJ AVE 30800 1.00217 18.6 19.S 341 1115251 EQUIL

18 1831.78 TO 1186.38 11PR. HWY 3811M 8.9197 11.6 19.5 313 113311 EQUIL

19 1186#31 TO 1156.38 38805 2.80171 11.9 11.2 311 985"8 .2.4

21 1156+38 TO 1203.50 WEIR CYN 3880 10213 11.2 16.9 311 1281180 EQUIL

NOTES:

BED 01ANGE BASED ON BED WIDTH AM REACH LGTH

5JQUIL" INDICATES THAT SEDIMENT INFLOW AD OUTFLOU IS

APPROKIPATELY BALCD.

0..EAr INDICATES A FULLY LINED REAC14 IN WI41CH NO

DEPOSITION OCCURS.
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5.2 Toe Depth of Channel Lining

The following design criteria were employed to obtain the toe depth of

the channel bank lining.

Situation Toe Depth (ft)
Near Drop Structures 15
Near Stabilizers 10
Near Bridges 5 to 8
Drop Structurs Reach 5 to 8
Coastal Reach (STA 0+00 to 150+30) 8 (rip rap), 20 (cut off wall)
Golf Course Reach (STA 535+00 to 565+00) 5

In general, a conservative estimate of toe depth is the sum of degrada-

tion, general scour, local scour and a safety factor of about one foot.

Degradation and general scour can be estimated by an equilibrium slope analysis

or by incipient motion criteria. The latter gives the more conservative value.
For the channelized section, the local embankment scour due to the angle of

attack is minimized, thus the local scour car be estimated as one-half of the

antidune height which is 88% of the velocity head (Sediment Transport
Technology, by D.B. Simons and F. Senturk, 1977, p. 230).

The degradation and general scour were computed in Table 5 (Stable Slope)

of the Phase I1 GOM. These computed slopes are essentially flat. If a flat

slope was extended upstream from each drop or stabilizer, the maximum amount of

degradation in any reach is shown in Table 5.2. The general scour is insigni-
ficant because there are no abrupt channel width restrictions. Using an

average velocity of 12 feet/sec, the local scour is about 2.2 feet. The total
expected scour is shown in column 7 to Table 5.2. The design toe depth at the

point of maximum degradation is shown in column 8. The difference between

estimated and design toe depths is shown in column 9. Negative values indicate
the toe depth is underdesigned at that location. Although the levee toe depths

are, in general, adequate, some minor changes should be made. The only area of

concern is the drop structure at Station 600+75 (near Garden Grove Freeway).
The calculations indicate 7.9 feet of degradation which is well below the toe

depth of 5 feet. SLA recommends an additional stabilizer at approximately

Station 584+00 (see Figure 5.2) along with an increase of maximum levee toe

depth to 7 feet in this reach. The sediment routing in Table 5.1 indicates

that this is a reach of scour so the suggested design modification is

appropriate. The stabilizer at Station 558+00 appears to be underdesigned but

in reality since the channel uses the Riverview Golf as an overbank in this )
reach the design velocity is lower and thus the scour potential is small.

15
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5.3 Limiting Deposit Velocity
To insure that the concrete lined channel reach remains clean, flow velo-

cities should be higher than the limiting deposit velocity VL. The ASCE

Sedimentation Engineering Handbook (Reference 4) page 262 indicates that the

deposition Froude number Fd should be at least 1.3

Fd = VL/g-D (5.1)

Where VL is the average channel velocity that prevents sand deposition and D is

the hydraulic depth. In the completely lined reach, the typical velocity is

about 22 ft/sec and the typical hydraulic depth is 9 feet. The value of Fd for

these quantities is 1.29 so the channel should remain clean. SLA finds the

design limiting deposit velocity to be reasonable.

5.4 Summary

The configuration of drop structures and bed stabilizers will insure a

stable channel for the upper reaches. The concrete channel is of adequate

length and slope to prevent scour and excessive deposition. SLA finds the COE

sedimentation study to be thorough and complete, resulting in an effective

design for the Lower Santa Ana River.
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1. General: A detailed sediment transport analysis was conducted in support
of the Phase II General Design Memorandum (GDM) using the channel
configuration shown in the Phase I GDK. Subsequent to that report (referred
to in text as the main report) and the independent review, the channel
configuration in the concrete and channel ocean reach was changed from a
rectangular channel to a trapezoidal channel. As a result, a sediment
transport analysis using HEC-6 was deemed necessary to predict channel bed
profiles for the design flood and to determine the average annual channel
deposition and sand outflow. This report describes the sediment transport
analysis and the results for the trapezoidal channel design. This report is
appended as part of the sediment transport main report found herein, since it
covers only the changes to the Phase II design.

2. Revised Channel Features: The redesign of the channel extends from the
Pacific Ocean upstream to and including the channel through the Riverview Golf
Course. The differences in channel design from the Phase I GDM configuration
consist of: changing to a trapezoidal channel from the river mouth upstream
to Station 150+00 and in the reach from Station 273+00 upstream to Station
600+73, with base widths varying from 160 feet to 410 feet and side slopes of
1 vertical on 2 horizontal; lowering the channel invert in the reach from
Station 460+00 upstream to just upstream of the confluence with Santiago
Creek; adding a drop structure and invert stabilizer in the golf course reach;
and lowering the crest of the drop stucture located at Station 689+85. A
detailed discussion of the project features is presented in the hydraulic
design report.

3. Study Approach: The impact to the results shown in the main report are
the HEC-6 results which established the design deposition slope, design of the
levee toe depths, and the determination of the average annual deposition and
sand outflow. Sediment transport in the improved channel reach, including the
revised trapezoidal channel, was simulated for the design flood and for the
10-, 25-, 50-, and 100-year floods. Two different inflowing sediment load
curves were used for the design flow simulation to bracket the bed changes,
that is, deposition in the case of high sediment inflow and scour in the case
of reduced sediment inflow. The analysis with HEC-6 was streamlined to use
only those program parameters that were sensitive to the changes in bed
elevation during the design event. The results from the HEC-6 sensitivity
analysis indicate the that bed changes were sensitive to the initial channel
geometric condition and the antecendent flow hydrograph. To provide a worse
case scenerio for the initial geometric condition the channel invert data in
HEC-6 for the design flood simulation was adjusted to the upper grade limit
established in the main report (see pl. 14 main report). For the design flood
scour analysis and the more frequent flood analyses, the channel invert data
was set at the design invert (see pl. 3A). In the design flood analysis
conducted in the main report, the design hydrograph was combined with an
antecedent flow hydrograph of 5,000 cfs for 38 days. The purpose was to
represent a worse case flood scenerio. This combined hydrograph, however, was
overly conservative and would not be representative of the project release
schedule for Prado Dam. To account for the possibility of a flood preceding
the design flood, the 1969 flood, which was a major flood event, was
selected. The 1969 flood was routed through Prado Dam to provide the project
condition antecendent flood hydrograph. The 1969 flood was then followed by(the design flood to represent a worse case flood scenerio.
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Other program parameters discussed are the Manning's "n" value, the tidal
hydrograph, and the bed material gradation. The Manning's coefficient "n" was
set in accordance with those values used in the original analysis, n 0.02 in
the channel ocean reach, n = 0.015 in the concrete channel reach, n = 0.025
for the drop structure reach, and checked for sensitivity by assigning a high
"n" value of 0.03 in all reaches. The HEC-6 analysis using a tidal hydrograph
or an increase in bed material gradation was not conducted because both were
found to be insensitive to the channel bed deposition at the peak of the
design flood. This study considered only the detailed sediment routing
analysis using HEC-6 for which the results are presented in subsequent
paragraphs.

4. Results of the HEC-6 Analysis

4.1 Design Flood: The HEC-6 analysis was conducted by initially setting
the streambed at the upper grade limit, and computing bed changes using the
combined hydrograph of the 1969 flood followed by the design flood. The
results of the HEC-6 computations of the streambed profile for the combination
antecedent flow and design flood are reasonable in the trend prediction. The
bed change results were depicted at the peak of the design flood hydrograph.
The maximum water surface elevation in the channel, including the bed change,
also occurred at the peak of the design flood hydrograph. The results are
similar to the results found with the Phase I channel configuration. However,
the location and quantity of the depositional bed change for the case of high
sediment inflow in both the channel ocean reach and the downstream portion of
the concrete reach were slightly different. To represent the general
magnitude of deposition, a deposition design profile was developed that
encompassed the bed changes. The deposition design profile starts at Station
272.60 at elevation 23.0 feet NGVD, extends downstream at a slope of 0.001072
to Station 56+35. At Station 56+35, the deposition profile breaks slope to
0.00035 and continues downstream to Station 36+35. At Station 36+35, the
deposition profile again breaks slope to 0.001478 and continues downstream to
the ocean outlet at river mouth Station 8.55 at elevation -5.0 feet NGVD.
This deposition design profile was also analyzed for sensitivity by applying a
higher "n" value of 0.03 in all reaches in the HEC-6 model. The results
indicated that the depositional bed change was below the depositional design
profile at the peak of the design flood. No significant bed change occurred
in the concrete reach upstream of Station 272.60 to the concrete inlet and in
the revised channel in the golf course reach. The results obtained in the
drop structure reach, including the lowered drop structure at Station 689+85,
were the same as shown in the main report (see pl. 11). Plates 2A and 3A
display the design streambed profiles with and without sedimentation,
respectively, over the entire reach from the Pacific Ocean to the improved
channel inlet upstream of Weir Canyon Road bridge. Using the combination of
the deposition design profile in the reaches of aggradation with the design
invert slopes in the other reaches, the design water surface profile was
computed and the levee heights were determined as described in the hydraulic
design report.

The HEC-6 analysis for the other design case of levee toe depth was
performed for just the trapezoidal channel downstream of the concrete channel
inlet. The HEC-6 analysis was conducted by setting the inflowing sediment
load to zero at the concrete channel inlet. The HEC-6 results for general
degradation in the channel ocean reach were slightly greater that the results
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of the Phase I configuration. The maximum general degradation was about 9
feet below the design invert in the portion of the channel ocean reach just
downstream of the concrete channel. Based on these results, the levee toe
depths were increased from 6 feet to a minumum of 10 feet below the design
invert for the entire length of the earth bottom channel ocean reach. The
levee toe analysis and results for the drop structure reach can be found in
the main report.

4.2 Average Annual Deposition and Sand Outflow: The average annual
deposition and sand outflow was analyzed for the trapezoidal channel using the
incremental probability method. The method was applied in the HEC-6 analysis
for the design flood, 100-, 50- , 25-, and 10-year floods to determine the
volume of deposition and sand outflow for each flood. Table 1A summarizes the
deposition and sand outflow quantities.

Table IA. Sediment Yield for Various Flood
Downstream Trapezoidal Channel.

Sediment Sand
Flood Deposition Outflow
(year) (x1OOO yd) (x1000 yd3)

170 1,590 2,222
100 762 1411
50 4147 244
25 234 141
10 79 114

Annual 37 30

The results indicate an increase in the average annual deposition from 31,000
cubic yards for the Phase I channel configuration to 37,000 cubic yards for
the trapezoidal channel. The results also show a decrease in the average sand
outflow from 36,000 to 30,000 cubic yards. Using the upper grade limit with a
corresponding volume of 660,000 cubic yards, sediment will have to be removed
from the downstream channel reach on an a',vrage of once every 18 years. It
should be noted that because the annual vuiume of water/sediment can vary
significantly, the average annual deposition rate and maintenance are
considered long term averages. No sediment removal maintenance is anticipated
in the concrete reach upstream of Station 223+35 and in the drop structure
reach, including the golf course.

(
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I. INTRODUCTION

1-01 The following text details the background and authority, purpose,
scope, and basic assumptions of this appendix.

Background and Authority

1-02 A "Review Report for Flood Control, Santa Ana River, Mainstem",
dated December 1975, was prepared by the Los Angeles District, Corps of
Engineers. It presented a plan of trails and other recreation
facilities to be developed with the proposed Santa Ana River flood
control project.

1-03 Subsequent to the Review Report was the preparation of the Phase I
General Design Memorandum. The purpose of the Phase I General Design
Memorandum was to examine the 1975 Review Report and to affirm the
validity of the previous plan in light of current conditions and
criteria, or to re-formulate the plan as required by such conditions and
criteria. Nearly 5 years had elapsed since the Survey Report study
conclusions had been made.

1-04 The initial study of recreation potential for the Santa Ana River
Mainstem, Santiago Creek, and Oak Street Drain was authorized by the
Federal Water Project Act of 1965, and as required by the Federal Water
Project Recreation Act of 1965, Public Law 89-72, whereby full
consideration must be given to the opportunities for public outdoor
recreation afforded by the water resource development project. The
Water Resource Development Act of 1976, Section 109, authorized the
Phase I advanced engineering and design for the Santa Ana River Project.
The Phase I General Design Memorandum, including recreation as a project
purpose was submitted in September 1980, and approved in January 1982.
The recommended plan for recreation development proposed for the Santa
Ana River Mainstem and Santiago Creek was found to be economically
justified and desirable. Authorization for construction of the Santa
Ana River Mainstem Project, including Santiago Creek, was contained in
the Water Resource Development Act of 1986.
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Purpose

1-05 The purpose of this appendix is to identify the recreational and
environmental resources along the mainstem of the Santa Ana River Flood
Control Project, present public use projections, and show the level of
recreational development appropriate to accommodate the anticipated use.
The appendix will also serve as a general guide to the orderly and
coordinated development and management of the environmental resources of
the project lands. Cost estimates for the proposed recreation
facilities are provided. The Santa Ana River Flood Control project has
been authorized as a local protection project and as a result no Master
Plan will be prepared. The information contained in the Phase II
General Design Memorandum is considered sufficient for the preparation
of plans and specifications.

Scope

1-06 The coverage of this appendix is limited to specific information
required to insure an understanding of the basic recreational and
environmental resources inherent within the Mainstem Feature of the
Santa Ana River Flood Control Project. The information provided
consists of the demographic characteristics of the project area;
topographical, geological and ecological features; a narrative
description of existing and proposed recreational facilities, market
area analysis, projected development costs, and coordination activities
involving other agencies. The intent of this appendix is to present a
plan for the public use of project lands that is compatible with the
preservation of existing environmental resources.

Basic Assumptions

1-07 The Corps participation along the mainstem of the Santa Ana River
for recreation improvements is limited to lands acquired for flood
control purposes. Lands outside the flood control rights-of-way may be
acquired for health, safety, and public access on a cost shared basis if
required. Flood control improvements by the Corps consist of channel
improvements between the Pacific Ocean and Weir Canyon Road,
construction of a levee within the canyon at Green River Golf Course,
and an inlet structure just below Route 71.

1-08 The recreation plan for the Santa Ana Mainstem was developed in
conjunction with the Resource Use Master Plan at Prado Dam and the
Santiago Creek recreation plan in order to maintain continuity of the
Mainstem recreation system. All features will be designed in an
efficient and economic manner to reduce operation and maintenance costs.

1-09 The Environmental Management Agency (EMA) of the County of Orange
is implementing a master plan of countywide bikeways. This plan was
originally adopted by the Orange County Board of Supervisors on
September 29, 1971 as a component of the recreation element of Orange
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County's General Plan, and on September 23, 1980 ratified it as a
component of the transportation element of the general plan. In
conjunction with this plan is an adopted county wide master plan for
riding and hiking trails, dated September 1984. The county of Riverside
has also developed a bike and equestrian trail network within the county
boundary. Local city bicycle and equestrian routes would also make
connection to the regional trail in order to establish community links
with the 30-mile system. The proposed Santiago Creek bicycle trail,
located within the vicinity of River View Golf Course, will also provide
an additional important segment or link to the overall regional trail
network.

1-10 Much of the existing trail system, including the bridge
underpasses, was partially funded under the Land and Water Conservation
Fund Act of 1965. This act requires that any removed facilities be
replaced with ones of equal value and utility (Section 5F of Public Law
(88-579). With the proposed flood control improvements, most of the
existing Lower Santa Ana River trails and bridge underpasses will be
removed due to channel widening and rebuilding. They will be replaced
as part of the flood control project. Their replacement will be treated
as a relocation cost. Under current cost-sharing policies, relocation
is 100 percent a local cost.

1-11 For the purpose of this report, 28.5 miles of Lower Santa Ana
River trail is considered a relocation. Improvements to the remaining
3.5 miles of trails is discussed in sections 5-03 through 5-06.

1-12 Development of previously agricultural and open space lands has
dramatically increased the population of the area adjacent to the flood
control project. The increased urbanization has produced an urgent need
for additional recreation facilities.
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II. DESCRIPTION OF PROJECT AREA

2-01 A comprehensive description of the project area is included in the
Environmental Impact Statement. Project area features covered in this
section are pertinent only to the formulation of the recreation plan.

2-02 Below Prado Dam, the Santa Ana River enters Orange County via the
Santa Ana Canyon, flowing in a southwesterly direction. It follows a
natural meandering course for approximately 7 miles to Weir Canyon
Road. Beginning here, the river becomes channelized. Continuing on its
way to the ocean, from Imperial Highway to Katella Avenue, the river
flows through a series of water spreading basins, controlled by the
Orange County Water District. Now heading in a south-southwesterly
direction, it crosses the coastal plain in Orange County to the Pacific
Ocean at Huntington Beach. A salt water marsh is located on the east
side of the channel at the river's mouth.

Biological and Ecological Features and Resources

2-03 Santa Ana Canyon supports a relatively high value natural riparian
habitat for over 200 species of plant and animal life. These include
herons, hawks, quail, mice, racoons, coyotes and gray fox. Vegetation
along the river varies considerably. In areas downstream of the canyon
little vegetation exists, especially near the coast. The mouth of the
Santa Ana River is ecologically sensitive and therefore has been
eliminated from extensive recreation planning. Within Orange County,
the output from sand and gravel mining operations along the river was at
one time the second highest in the State. Other minerals have been
found in the canyon but not in quantities sufficient to allow for
profitable operations. The names of Coal Canyon and Gypsum Canyon,
which enter the Santa Ana Canyon, are indicators of earlier mining
operations.
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Climate

2-04 The climate is mediterranean (mild winters and hot summers). Dry,
seasonal winds called the "Santa Anas," come from the desert areas to
the northeast and east. Annual precipitation averages 12 inches per
year, with 92 percent of it falling between November and April.

2-05 Climate conditions in the immediate coastal area are directly
influenced by the surrounding marine air conditions which produce
moderate to hot summers and mild winters. There is moderate to heavy
fog occurring primarily from mid-December to March. Low clouds are
mainly restricted to the late afternoon to mid-mornings.

Topography

2-06 The Lower Santa Ana River basin is relatively flat with a gradient
suited for both a bicycle and equestrian trail. Elevations vary from
-6 feet near the mouth to +450 feet at the upstream drop structure
(sta. 1607+50), a distance of 30 river miles. Surrounding the Santa Ana
Canyon are mountain ranges separated by an intermediate valley with the
low lying Chino Hills to the north and the Santa Ana Mountains to the
south. The remaining route of the river is through the generally level
coastal plain.

Geology and Soil Characteristics

2-07 The coastal plain, a physiographic and structural basin, contains
a thick sequence (up to 30,000 feet) of chiefly marine and nonmarine
clastic sedimentary rocks overlying igneous and metamorphic basement
rocks. These sediments derived from surrounding highland areas, were
deposited in the ever deepening basin; an ongoing process which during
the most recent geologic time has resulted in the accumulation of up to
several hundred feet of alluvium in modern stream channels and
associated floodplain and alluvial fans, and beaches.

Access and Circulation

2-08 The urbanized section of the Lower Santa Ana River is crossed by
many arterial roads as well as one major highway (Pacific Coast Highway)
and five freeways (Garden Grove, Riverside, Santa Ana, Orange, and San
Diego). Access to the bicycle and equestrian trails would be provided
at all street crossings.

2-09 Due to the dense urbanization of the area between Weir Canyon Road
and the Pacific Coast Highway arterial roads are subject to extremely
heavy traffic conditions that discourage their use by most bikers. The
bike and equestrian trails provide a safe transporation corridor through
this region and encourage increased use of the Santa Ana River Regional
Trail System. Completion of both trails in the Santa Ana Canyon will
maximize trail usage by providing connecting links to other inter-county
and city trail systems.
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Operational Limitations

2-10 Disruption to trail use will occur during reconstruction of the
river channel, bridges, and bridge ramp undercrossings which may
effectively close the trails for years. During construction periods,
temporary routes would need to be provided to assure the maximum interim
use possible of the public trail facilities.

2-11 The proposed bicycle and equestrian trails at Green River Golf
Course cross underneath the Santa Fe Railroad bridge. An easement from
the railroad must be acquired in order to allow trail access through
this area. To date the railroad, anticipates no problems with granting
this access, pending review of final design. In the event the easement
is denied, undercrossings of both trails would need to be re-studied for
development of alternative routes.

2-12 Storm conditions could produce high velocity flows within the
river. Equestrian use of the riverbed wet crossings during these
conditions will be interrupted periodically. Streamflow during
non-storm conditions are anticipated to range from 200 to 300 cfs.
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III. RECREATION MARKET AREA

Boundaries/Region Served

3-01 The recreation market area for the Lower Santa Ana River Flood
Control Project consists of those residents located within 5 miles of
the river's centerline, from the Orange County border to the Pacific
Ocean. This area and distance were chosen because 5 miles is considered
to be a reasonable travel distance for use of a regional trail. It is
anticipated that a minimum of 80 percent of the day use of the bike

trail would originate within this zone. Additional usage from outside
the market area is also anticipated because the trail makes efficient
use of the channel right-of-way and encourages alternate transportation
modes within the urban area, it provides direct access to major

recreational areas, and serves as a link to the trail corridor extending
up Santiago Creek. Because the Corps development would be an integral
part of the 30-mile proposed trail system, market area and demand have
been analyzed for the entire Lower Santa Ana River trail corridor.

Soclo-Eoonomic Characteristics

3-02 Users of the trail system will come primarily from portions of
12 Orange County cities that lie within the lower basin area. Those are
Yoroa Linda, Placentia, Fullerton, Villa Park, Anaheim, Orange, Garden
Grove, Santa Ana, Fountain Valley, Huntington Beach, Costa Mesa, and

Newport Beach. Over 1,000,000 people reside or work within this area.
Projected populations for the Lower Santa Ana River market area are

snown in the table below. The market area for Santiago Creek overlaps
portions of the Lower Santa Ana River market area and therefore has been
netted out of the 5-mile service area.



Table D-1. Projected Population1 in Lower Santa
Ana Market Area, 1980-2000

1980 1985 1990 1995 2000

931,394 1,004,696 1,055,731 1,109,599 1,138,710

1 Based on information provided by Southern California

Association of Governments and Orange County Preferred
Projections 1985 (Orange County Department of Adminis-
tration - Forecast and Analysis Center).

According to the U.S. Bureau of Census it estimated the uncounted
population to be about 2.5 percent. The figures reflected in this
appendix do not account for these persons.

3-03 The lower basin is highly urbanized with mostly residential
housing. The Santa Ana Canyon area located downstream of Prado Dam to
Wier Canyon Road, is the only major area of undeveloped land in the
lower basin. Population growth has slowed because developable land
within the basin has largely been used up. Because the Santa Ana Canyon
River Basin overall is thriving economically, it is a highly desirable
place to live. Employment growth in the basin has continued strong
since the 1975 Survey Report, but has not increased at as high a rate as
the upper basin area. Income levels in the lower basin remain higher,
though, than those in the upper basin. Manufacturing, trade, and
service continue to dominate basin employment. Pressure to develop
remaining open space remains high in the lower basin, particularly in
the Santa Ana Canyon area. The percentage of athletically oriented
adults and children is higher than average.

Inventory of Existing and Proposed Facilities

3-04 Currently existing trail development in the lower reach of the
Santa Ana River includes 26 miles of bicycle and equestrian trails
extending from the Pacific Ocean up to Gypsum Canyon Road.
Additionally, in the Santa Ana Canyon, between Gypsum Canyon Road in
Featherly Regional Park and the Green River Golf Course entrance is
2.5 miles of bicycle and equestrian trails. The existing and proposed
facilities are shown on plates 1 through 5.

3-05 The existing trails include underpasses at all tridges and access
to trails at all street crossings. In addition, access is available
from three adjoining Orange County regional parks--Centennial, Yorba,
and Featherly, plus two local parks, located, respectively, in Santa Ana
and Huntington Beach.
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3-06 The bike trail currently has four bridges crossing the trail over
the river, with three additional bridges proposed. The equestrian trail
has one proposed bridge crossing and four proposed wet crossings (pls. 1
and 2). The four wet crossings are located in the canyon area where the
river is not channelized. There are private horse rental and boarding
stables adjacent to the equestrian trail at several locations in the
city of Anaheim and Santa Ana canyon.

3-07 Eight trail rest stops currently exist along the entire channel
reach. The local cost sharing agency has no plans to develop additional
sites at this time. Because the lower 28.5 miles of trail system, from
Featherly Regional Park to the Pacific Ocean, is considered strictly
replacement, any improvements to the trail within this reach will not be
eligible for cost sharing and therefore must be funded entirely by the
local agency.

3-08 In order for both trails to run continuously along the entire
system all proposed new bridge construction and replacement must be
completed.

3-09 Future development of bicycle and equestrian trails below Prado
Dam would consist of completing the remaining trails planned under the
countywide master plan for Orange County and local city wide plans to
establish community links with the Santa Ana River regional trail
system. For example, the city of Yorba Linda has 12 miles of equestrian
and hiking trails that could tie into the Santa Ana River trail.

3-10 The most significant recreation facility imposing major impacts on
the lower river is the Chino Hills State Park development, located
directly west of Prado Basin (pl. 2). The proposed system of trails,
campsites, picnic areas and open space will form a land use interface
with adjacent recreational areas including the Santa Ana River trails.
The State Department of Parks and Recreation estimates that final
development of the recreation facilities will include 42 miles of
equestrian trails and 18 miles of bicycle trails.

3-11 Demand for recreational activities proposed for the Lower Santa
Ana River is based upon the application of per capita participation
rates to the market area population 5 years of age and older. The
recreation market area had a trail demand of over 11.3 million activity
days during peak summer months in 1985 and will have over 22.8 million
activity days during peak summer months in the year 2000. This is based
upon summer season per capita particiation rates and growth factors
provided in the Orange County Recreation Needs and Regional Park Study
(table D-2).

(



Table D-2. Potential Trails Demand for L wer Santa Ana River
Market Area For Summer Season , 1985 and 2000.

Per Capita Market

Participation Rates2  Area

1985 2000 1985 2000

Population
Five Years of Age
& Over (thousands)3  NA NA 894,179 1,024,839

Activities
Bicycling 12.15 21.50 10,864,274 22,034,038
Horseback Riding .52 .83 464,973 50,616

Total Trails Demand 11,329,247 22,884,654

1. Memorial Day through Labor Day.
2. For Population Five Years of Age and Older.
3. 89% of Total Population in 1985, 90% in 2000.

3-12 The Lower Santa Ana River trails could accommodate approximately
.4 percent of ultimate trails demand in 1990 and .2 percent of ultimate
demand In 2000. This is based upon a maximum peak season use of 55,242
shown in the following table D-3.
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IV. RESOURCE USE OBJECTIVES

Definition

4-01 Resource use objectives state the scope and intent of planning
within which the proposed plan of physical development was formulated
and outline the plan for optimum use of project lands and resources.

4-02 The upper portion of the lower river reach starts in the Santa Ana
Canyon, where Green River Golf Course, owned and operated privately, is
bisected by the river's natural course. This area provides an
outstanding example of a natural riparian community. The Santa Ana
Canyon is one of the few remaining open space habitats in the area.
Below this reach of the river, starting just upstream of Weir Canyon
Road, the river becomes channelized for 23 miles to the Pacific Ocean.
The river is completely contained within channel levees to protect the
densely populated, broad, gently shaped coastal plain of Orange
County. There are several spreading basins in this 23-mile reach.

Basic Objectives

4-03 The basic objectives are outlined below:

a. To provide a high quality experience for bicycling, hiking and
equestrian riding opportunities through a well-planned trail
system. Those sections within the flood control right-of-way
not stipulated for channelization or as prime floodways are
excellent resource areas for trail development. Esthetic
treatment, provision for convenient comfort facilities,
multi-seasons use capability and convenient.public access are
necessary for a quality experience.

b. To locate trails and ancillary facilities with respect to
resources sensitive to human use.
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c. To interpret the project resources to the public. Public
education of the value of the Lower Santa Ana River's natural
ecological systems would be increased through personal
interactions and experiences with the natural environment.

d. To limit incompatible development. Trails would be built in a

manner which is in harmony with surrounding and abutting uses.
Landscaping would provide shade and screening. General esthetic
treatments would benefit both the trail users and abutting land

users. Structures and signage should be consistent with the

surrounding environment.

Resource Use Objectives

4-04 Objective 1: To provide a scenic, safe, high quality bicycle and

equestrian trail that would function as an integral component of the
32-mile Santa Ana River Regional Bicycle Trail.

(Discussion) The analysis of pertinent factors indicates there
exists a high demand for regional bicycle and equestrian trail
development. No additional Class I trails are currently planned within
the market area that would compete with the 32-mile Lower Santa Ana
River Regional trail. The County of Orange has indicated that

development of a county-wide bikeway system would increase the use of
regional recreation sites within or on the edge of the metropolitan
zone. This project, with its outstanding scenic qualities within the
canyon and its central location, provides a key segment in this
integrated system. The County of Orange has funded construction of
other downstream portions of this trail system with the expectation of
Corps involvement. Increased urbanization of the lands surrounding the
flood control project would provide a high user rate for the bicycle
trail. With the trails gradient suited for bicycle users, a more
enjoyable experience will be provided.

4-05 Objective 2: To develop an erosion control and esthetic treatment

plan to complement the flood control project.

(Discussion) Construction of the flood control channel would
disrupt the surrounding natural environment. Vegetation provided for
erosion control and esthetic treatment should be compatible with the
existing native vegetation located within immediate surroundings,
thereby maintaining the identity and character of that particular area
in addition to providing for screening, shading and visual enhancment.
Certain non-native plant material noted for its color, foliage and/or
flower could be introduced along the lower reach provided it is
compatible with the plant communities being established.

(
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V. RECOMMENDED PLAN OF PHYSICAL DEVELOPMENT

General

5-ul The availability of prime vacant land in the middle of a heavily
urbanized area, in conjunction with the need to provide safe bicycling
and equestrian trails for recreation and transportation, has provided
the impetus for providing recreation facilities as an integral element
of the Lower Santa Ana River Flood Control Project. As a result of
previously unrestrained commercial and residential growth in the
northern Orange County area, lands available for open space, and
recreation are rapidly decreasing. Lands adjacent to and made available
for the single-purpose use of flood control provide a logical choice for
multipurpose recreation enhancement. The optimum use of flood control
lands is based on the consideration of the open space potential of such
lands. This consideration establishes the interrelationship between
flood control and recreation use.

5-02 Corps participation in the Lower Santa Ana River trail would be
cost shared development of approximately 3.5 miles of paved bike trail
and 4.0 miles of graded equestrian trail, located entirely in the Santa
Ana Canyon area. Beginning at Green River Golf Course, both trails
would connect to the 28.5 miles of replaced downstream trails and would
both terminate just below Route 71 at river station number 1607+50
(see p1. 2).

Proposed Trail System

5-03 The proposed flood control project in the Green River Golf Course
area provides for a levee on the south side of the river. Starting at
the Santa Fe railroad bridge, it extends downstream for approximately
2600 feet, ending just upstream of the Green River Golf Course entrance
bridge. The 12-foot-wide asphalt bike trail would run along the top of
this levee after crossing over the bridge road. It then crosses under
the AT&SF railroad bridge and turns west over the river across a new
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bicycle bridge. Once across, the trail would then run parallel with the
railroad tracks on a separate lower graded surface, approximately
1800 feet, then follows the Santa Ana River Regional Interceptor (SARI)
right-of-way to its connection point with trails going into Prado Basin
(sta. 1607+50) - (see pi. 2). Support facilities such as restrooms and
drinking fountains have not been proposed for development along this
reach of trail system because utility connections are not available, and
the remote location would encourage vandalism resulting in excessive
operation and maintenance costs. The County of Riverside is currently
proceeding with a request for a 30-foot trail easement from the Santa
Ana Watershed Project Authority (SAWPA) which has controlling authority
over the right-of-way.

5-04 The railroad tracks are not within the floodplain area, as the
trails are, but are located on a raised graded surface, primarily to
separate the tracks for safety and clear lines of sight.

5-05 The proposed equestrian trail begins further downstream across the
river from the eastern most boundary of Featherly Regional Park,
approximately at station 1429+25. A wet crossing from Featherly Park
picks up the new section of trail on the north river bank From this
point the trail runs parallel to and between the Santa Fe railroad
tracks and the Green River Golf Course until it reaches the river (see
pl. 2). The trail then swings under the railroad bridge, to the left and
continues along siue the bicycle trail from this point on until river
station 1607+50, where the trails into Prado Basin will connect.

5-06 Once completed, the entire 32-mile system of trails would provide
direct off road access to major recreational facilities at the Pacific
Ocean and proposed facilities within Prado Basin and Chino Hills State
Park. The trail is a significant element in a comprehensive recreation
plan, consisting of a mountains-to-sea trail corridor, extending from
the Pacific Ocean to the San Bernardino National Forest, and tying into
the Pacific National Trail as well as various local and community parks
adjacent to the trail corridor. The trail would support national and
state goals to reduce energy consumption by helping to minimize
dependence on motor vehicle transportation to recreation areas.
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VI. COORDINATION WITH OTHER AGENCIES

6-01 The following Federal, State, County, and local agencies have been
contacted. The roles they played in the planning and coordination of
the proposed plan are briefly summarized.

Federal Agencies

6-02 There was no involvement with other Federal agencies in the
development of the recreation plan for the Lower Santa Ana River.

State Agencies

6-03 California State Parks and Recreation Department was contacted for
information regarding the proposed Chino Hills State Park and general
recreation planning data for southern California. The California
Transportation Department (CALTRANS) was contacted regarding the design
and construction schedule of the Pacific Coast Highway bridge at the
mouth of the Santa Ana River.

Count, Agencies

6-04 The County of Orange, Department of Parks and Recreation,
Transportation Planning Division and the Department of Administration-
Forecast and Analysi Center. Contacts were made concerning local
planning in regard to replaced portions of the of downstream bicycle and
equestrian trails, development of the recommended plan for trails
through Santa Ana Canyon, and demographic information.

6-05 County of Riverside, Parks Department. This agency was contacted
development of the recommended plan for recreation trails through Santa
Ana Canyon.
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Local Groups

6-06 Cities of Newport Beach and Huntington Beach. Contact was made
with these agencies concerning the design of the bicycle trail at the
mouth of the Santa Ana River.

6-07 Huntington Beach Wetlands Conservancy. Coordination was made with
this agency concerning local planning and design of the bicycle trail at
the mouth of the Santa Ana River.

Special Problems

6-08 Disruption of trail use will occur during reconstruction of the
river channel, bridges, and bridge ramp underpasses. This could
effectively close the already existing portions of trail for years.
However, according to County policy, the lead agency responsible for the
project at hand, would be required to undertake measures to provide
bypass routes in order to assure maximum interim use of the public trail
facility.

6-09 In the event that the Santa Fe Railroad does not process the
easement request for access underneath their railroad trestle, both the
bicycle and equestrian trails would need to be redesigned in order to
access trails going into Prado Dam.

6-10 The existing recreation trails are considered as a utility, and
their replacement will be treated as a relocation to be funded by the
County of Orange. Portions of the existing trails have been funded
under the Land and Water Conservation Fund Act. The County of Orange,
Environmental Management Agency, has assuned the responsibility of
determining what clearances or approvals are required in connection with
this funding, or any other grant funding, and initiating the appropriate
action to maintain compliance with all pre-existing contractural
agreements entered into by the County of Orange and other State and
Federal Agencies.
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VII. MANAGEMENT MD COST SHARING

7-01 The operation and management of all recreation facilities so
constructed under this authority will be the responsibility of the local
cost sharing agency.

7-02 Public Law 78-534, The Flood Control Act of 1944, Section 4,
authorizes the Corps of Engineers, to construct, operate and maintain
public recreational facilities at water resource development projects,
and to permit local interests to operate and maintain such facilities.
Public Law 89-72, The Federal Water Project Recreation Act of 1965,
provides a basis for the development of recreation facilities on a cost
shared 50-50 basis between a local sponsoring agency and the Federal
Government. Proposed recreation facilities are consistent with
recreation policy regulation ER 1165-2-400, and all subsequent policy
directives. The paved top of levee doubling as maintenance and access
roads will be charged to project cost only. The proposed paving of the
bicycle trail that is off levee, is not a feature of- the flood control
project and will be charged to the recreation account. The 28.5 miles
of existing trails will be treated as a utility and relocated at
100 percent local expense.
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VIII. ENVIRONMENTAL QUALITY

8-01 The flood control project is expected to have very minimal impact
on the riparian habitat located directly adjacent to the Santa Ana River
as it runs within Santa Ana Canyon, and no impact on the surrounding
grasslands to the north of the river. A levee along the east river
embankment will be constructed to protect an existing mobile home park
(pl. 2), and the bicycle trail will be located on top of this levee. No
additional landscaping for recreation is proposed beyond that required
for erosion control and bank stabilization and thus no landscaping costs
are presented in table D-4, on page D-IX-2, volume 3, appendix D.

8-02 The bicycle trail will pass under the existing Santa Fe railroad
bridge on the east bank of the Santa Ana River, and will cross to the
west bank on a new bridge to be constructed directly upstream from the
railroad bridge (pl. 2). The equestrian trail will pass under the
railroad bridge on the west bank and merge with the bicycle trail
immediately upstream of the railroad bridge. From this point on up to
Praoo Dam, both trails will De located on an existing dirt farm road
adjacent to tne Chino Hills State Park currently being developed by the
State of California Department of Parks and Recreation. This stretch of
trail is on open ranch land in a natural grassland environment. It has
Deen requested by the State and the local counties that we do not
disturb or change the nature or environmental characteristics within the
Santa Ana Canyon. The canyon contains several distinct and diverse
biological communities ranging from the ephemerally inundated community
along the river through the riparian, grassland, upland chaparral, to
the oak woodland at higher elevations. The ecological value is not only
in the communities themselves but in the diverse and varied ecotones
created between these communities. In view of the aoove considerations
no additional landscaping along the recreation trails is proposed
throughout this reach. No landscaping costs are presented in table D-4,
on page D-IX-2. A discussion of the recommended landscape and erosion
control plan is included in the General Design Memorandum, Volume 3, on
page D-XII-1.
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IX. COSTS

General

9-01 All separable costs attributed to recreation will be cost shared
on a 50/50 basis with local interests. The bike and equestrian trails
will be constructed concurrent to the flood control project.

Cost Summary and Estimate

9-02 A detailed cost estimate for the proposed bicycle and equestrian
trails is presented in table D-4.

D-IX-1
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Table D-4. Recreational Development Cost Estimate.

Santa Ana River Canyon

Unit

Description Quantity Unit Cost Totals

BiKe Trail 18,100 LF 17.50 316,750.00

Equestrian/HiKing Trail 21,375 LF 4.50 66,200.00

Bridge (10' x 90') 1 EA 65,000 65,000.00

Signs (MarKer) 18,100 LF .25 4,525.00

Signs (Entrance-Directional) 10 EA 600 6,000.00

Signs (Traffic) 6 EA 600 3,600.00

Gate 1 EA 1,000 1,000.00

Suototal 463,074.00

Contingencies 67,926.00
Subtotal 531,000.00

Engineering and Design 37,000.00

Supervision & Administration 32,000.00
TOTAL RECREATION 600,000.00

'Ii
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CONTRACT BETWEEN
THE UNITED STATES OF AMERICA

AND
COUNTY OF ORANGE

FOR
RECREATION DEVELOPMENT

MAINSTEM FEATURE
OF THE

SANTA ANA RIVER FLOOD CONTROL PROJECT
SANTA ANA RIVER BASIN, CALIFORNIA

THIS CONTRACT entered into this day of , 19 by and
between the UNITED STATES OF AMERICA (hereinafter called the
"Government"), represented by the Contracting Officer executing this
contract and the County of Orange (hereinafter called "County"),

WITNESSETH THAT:

WHEREAS, construction of the lower reach of the Santa Ana River Flood
Control Project, Santa Ana River Basin, Orange County, California
(hereinafter called the "Project") was authorized by the Flood Control
Act of 1944 (Public Law 534, 78th Congress); and

WHEREAS, pursuant to Section 4 of the 1944 Flood Control Act, as
amended by Section 207 of the 1962 Flood Control Act, as amendea
(16 U.S.C. 460d), the Government is authorized to make contracts with
non-Federal public bodies for development, management, and
administration of the recreation resources of Federal water resources
projects; and

WHEREAS, the office of Chief of Engineers has established certain
policy for recreation development at Federal non-reservoir water
resources projects consistent with Congressional intent as expressed in
the Federal Water Resource Project Recreation Act of 1965 (Public Law
89-72).

NOW, THEREFORE, the parties agree as follows:

ARTICLE 1 - DEFINITION OF TERMS. For the purpose of this contract
certain terms are defined as follows:

(a) First Costs: Used interchangeably with the terms "capital
costs" and "project costs," are the initial capital costs of the
recreation features of the project, including: engineering, design,
supervision, and administration; land acquisition and construction.

(bY Recreation lands: Project lands acquired for flood control or
other project purposes as described in a joint use agreement with the
Flood Control District of Orange County.

(c) Recreation facilities: Those facilities for recreation which( may be installed pursuant to this agreement.

1

ATTACHMENT 1



ARTICLE 2 - LANDS AND FACILITIES.

(a) The County is required to provide all recreation lands through
a joint use agreeement with the Flood Control District of Orange County
(hereinafter called the "District"). Lands not required for the
construction and operation of the flood control project are not subject
to the provisions of this contract.

(b) The Government, in cooperation with the County, will prepare a
mutually acceptable General Design Memorandum-Phase I which will depict
and identify the types and quantities of recreation facilities which the
Government and the County of Orange will construct in accordance with
this contract. The presently estimated cost of facilities to be
provided is contained in Exhibit A, entitled "Estimated Recreation First
Cost", attached hereto and made a part hereof. Such estimate of
facility cost is subject to reasonable adjustment as appropriate upon
approval of the above mentioned Phase II - General Design Memorandum.

(c) The facilities as shown in Exhibit A, as it may be adjusted in
accordance with paragraph (b) above, shall be constructed jointly by the
parties through mutually satisfactory division of responsibility for
construction that takes into account direct and indirect cost savings
which may be gained by the parties in the public interest for certain
specific facilities, provided, that the facilities to be constructed by
each party shall be formally agreed upon by the two parties prior to
construction, consistent with the provisions of Article 3.

(d) Title to all lands and recreation facilities constructed on
flood control project lands, shall at all times be in the County and the
County shall not transfer title to any non-public entity. The County
shall, under this agreement, dedicate the land for recreation use.

(e) The performance of any obligation or the expenditure of any
funds by the Government under this contract is contingent upon Congress
making the necessary appropriations and funds being allocated and made
available for the work required hereunder.

ARTICLE 3 - CONSIDERATION AND PAYMENT. Each party hereto will pay or
contribute in kind fifty percent (50%) of the first costs of recreation
development.

(a) Development. Fifty percent (50%) of the estimated first costs
of recreation development is estimated to be $300,000. Prior to the
advertisement of the first construction contract hereunder and again
prior to the advertisement of each subsequent construction contract
thereafter, the Government Contracting Officer shall calculate the
estimated expenditures which each party shall have made up to the time
of advertising of the applicable contract. If the total estimated
expenditures by the Government shall exceed those of the County, the
County shall pay to the Government such sum as will equalize the
expenditures of both parties, prior to award of such contract. In
computing expenditures, there shall be considered, in addition to cash
expenditures, contributions in kind such as facilities, at the fair
market value thereof at the time such land and facilities are provided,
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which value shall not include enhancement due to the project. Upon
completion of recreation development, an adjustment will be made on the
basis of actual costs incurred. It is understood and agreed that the
County's share of the cost of the construction shall be computed on the
basis of actual costs to the Government of the work included in the
Government construction contract above and on the basis of unit prices
in the Government contract and final quantities covering labor,
materials, and equipment required for the work under the Government
construction contract plus the actual amount, estimated at thirty-one
percent (31), of the Government's costs for engineering, design,
supervision and administration and not on the basis of prior estimates.

(b) Other Federal Funds. No payment credit of any kind whatsoever
will be allowed the County for expenditures financed by, involving, or
consisting of, either in whole or in part, contributions or grants of
assistance received from any Federal agency in providing any lands or
facilities for recreation enhancement hereunder.

(c) Adjustments to Reflect Costs. The dollar amounts set forth in
this Article are based upon the Government's best estimates, and are
subject to adjustments based on the costs actually incurred. Such
estimates are not to be construed as representations of the total
financial responsibilities of each of the parties.

ARTICLE 4 - CONSTRUCTION AND OPERATION OF ADDITIONAL FACILITIES.
Certain types of facilities including but not necessarily limited to
restaurants, lodges, golf courses, cabins, clubhouses, overnight or
vacation-type structures, stables, marinas, swimming pools,
commissaries, chairlifts, and such similar revenue-producing facilities
may be constructed by the City or third parties and may be operated by
the City or by third parties on a concession basis. Any such
construction and operation of these types of facilities shall be
compatible with all project purposes and shall be subject to the prior
approval of the Contracting Officer. However, the County shall not
receive credit for costs of such facilities against amounts due and
payable under Article 3.

ARTICLE 5 - FEE AND CHARGES. The County may assess and collect fees for
entrance to developed recreation areas and for use of the project
facilities and areas, in accordance with a fee schedule mutually agreed
to by the parties. Not less often than every five (5) years, the
parties will review such schedule and upon the request of either,
renegotiate the schedule. The renegotiated fee schedule shall, upon
written agreement thereto by the parties, supersede prior schedules
without the necessity of modifying this contractual document.

ARTICLE 6 - FEDERAL AND STATE LAWS.

(a) In acting under its rights and obligations hereunder, the
County agrees to comply with all applicable Federal and State laws and
regulations, including but not limited to the provisions of the
Davis-Bacon Act (40 U.S.C. 276 a-a (7); the Contract Work Hours and
Safety Standards Act (40 U.S.C. 327-333); and part 3 of Title 29, Code
of Federal Regulations.
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(b) The County furnishes its assurances that it will comply with

Title VI of the Civil Rights Act of 1964 (78 Stat. 42 U.S.C. 2000d, et

seq) and Department of Defense Directive 5500.11 issues pursuant thereto

and published in Part 300 of Title 32, Code of Federal Regulations. The
County agrees also that it will obtain such assurances from all its

concessionaires.

(c) The County furnishes its assurances that it will comply with
Sections 210 and 305 of the Uniform Relocation Assistance and Real
Property Acquisition Policies Act of 1970 (Public Law 91-646).

ARTICLE 7 - OPERATION AND MAINTENANCE. The County shall be responsible
for operation, maintenance, and replacement without cost to the
Government, of all facilities developed to support Project recreation
opportunities. The City shall maintain all recreation project lands,
waters and facilities in a manner satisfactory to the Contracting
Officer.

ARTICLE 8 - RELEASE OF CLAIMS. The Government and its officers and
employees shall not be liable in any manner to the County for or on
account of damage caused by the development, operation, and maintenance
of the recreation facilities of the Project. The County hereby releases
the Government and agrees to hold it free and harmless and to indemnify
it from all damages, claims, or demands that may result from
development, operation, and maintenance of the recreation areas and

facilities. The County will not be responsible for Corps negligence or
that of the construction contractor during the time the Corps is
supervising such construction.

ARTICLE 9 - TRANSFER OR ASSIGNMENT. The County shall not transfer or
assign this contract nor any rights acquired thereunder, nor grant any
interest, privilege or license whatsoever in connection with this
contract without prior approval of the Secretary of the Army or his
authorized representative except as provided in Article 4 of this
contract.

ARTICLE 10 - DEFAULT. In the event the County fails to meet any of its
obligations under this agreement, the Government may terminate the whole
or any part of this contract. The rights and remedies of the Government
provided in this Article shall not be exclusive and are in addition to
any other rights and remedies provided by law or under this contract.

ARTICLE 11 - EXAMINATION OF RECORDS. The Government and the County
shall maintain books, records, documents, and other evidence pertaining
to costs and expenses incurred under this contract, to the extent and in
such detail as will properly reflect all net costs, direct and indirect,
of labor, materials, equipment, supplies, and services, and other costs
and expenses of whatever nature involved therein. The Government and
the County shall make available at their offices at reasonable times,

the accounting records for inspection and audit by an authorized
representative of the parties to this contract during the period this
contract is in effect.
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ARTICLE 12 - RELATIONSHIP OF PARTIES. The parties to this contract act
in an independent capacity in the performance of their respective
functions under this contract and neither party is to be considered the
officer, agent, or employee of the other.

ARTICLE 13 - INSPECTION. The Government shall at all times have the
right to make inspections concerning the operation and maintenance of
the lands and facilities to be provided hereunder.

ARTICLE 14 - OFFICIALS NOT TO BENEFIT. No member or delegate to the
Congress, or Resident Commissioner, shall be admitted to any share or
part of this contract, or to any benefit that may arise therefrom; but
this provision shall not be construed to extend to this contract if made
with a corporation for its general benefits.

ARTICLE 15 - COVENANT AGAINST CONTINGENT FEES. The County warrants that
no person or selling agency has been employed or retained to solicit or
secure this contract upon agreement or understanding for a commission,
percentage, broKer-age, or contingent fee, excepting bona fide employees
or bona fide established commercial or selling agencies maintained by
the County for the purpose of securing business. For breach or
violation of this warranty, the Government shall have the right to annul
this contract without liability or in its discretion to add to the
contract price or consideration, or otherwise recover, the full amount
of such commission, percentage, brokerage, or contingent fee.

ARTICLE 16 - ENVIRONMENTAL QUALITY.

(a) In furtherance of the purpose and policy of the National
Environmental Policy Act of 1969 (Public Law 91-190, 42 U.S.C. 4321,
4331-4335) and Executive Order 11514, entitled "Protection and
Enhancement of Environmental Quality," March 5, 1970 (35 Federal
Register 4247, Mar 7, 1970) the Government and the County recognize the
importance of preservation and enhancement of the quality of the
environment and the elimination of environmental pollution. Actions by
either party will occur after considerations of all possible effects
upon tne Project Environmental Resources and will incorporate adequate
and appropriate measures to insure that the quality of the environment
will not De degraded or unfavorably altered.

(b) During construction and operation undertaken by either party,
specific actions will be taken to control environmental pollution that
could result from their activities and to comply with applicable
Federal, State and local regulations concerning environmental
pollution. Particular attention should De given to (1) reduction of air
pollution by control of burning, minimization of dust, containment of
chemical vapors, and control of engine exhaust gases and smoke from
temporary heaters; (2) reduction of water pollution by control of
sanitary facilities, storage of fuels and other contaminants, and
control of turbidity and siltation from erosion; (3) minimization of
noise levels; (4) on and off site disposal of waste and spoil
activities; and (5) prevention of landscape defacement and damage; and
(6) reduction of groundwater mining through safe-yield pumping of wells.
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ARTICLE 17 - EFFECTIVE DATE. This contract shall take effect upon
approval by the Secretary of the Army or his authorized representative.

IN WITNESS WHEREOF, the parties hereto have executed this contract

as of the day and year first above written.

THE UNITED STATES OF AMERICA THE COUNTY OF ORANGE

By By
Colonel, Corps of Engineers Chairman,
District Engineer Board of Supervisors

Contracting Officer

DATE ATTEST:

APPROVED:
(Title)

DATE

116



Exhibit A

Estimated Recreation First Cost

Santa Ana River Mainstem, including
Santiago Creek - County of Orange

Mainstem Feature

Item Local Federal
No. Description Cost Cost

1. Bike Trail $158,375 $158,375
2. Equestrian/Hiking Trail 33,100 33,100
3. Bridge (10' x 90') 32,500 32,500
4. Signs (Marker) 2,262 2,262
5. Signs (Entrance/Directional) 3,000 3,000
6. Signs (Traffic Control) 1,800 1,300
7. Gate 500 500

Subtotal $231,537 $231,537
Contingencies 33,963 33,963
Subtotal 265,500 265,500
Engineering and Design 18,500 18,500
Supervision and Administration 16,000 16,000

TOTAL RECREATION $300,000 $300,000
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Exhibit B

The undersigned, as Chief Legal Officer for the County of Orange
approves the foregoing agreement as to form and legality this day
of 19 . I have reviewed the contract in the light of the
requirements of Section 221 of Public Law 91-611. I further find the
County of Orange is a legally constituted body having full legal
authority to enter into the foregoing agreement and to respond in
damages in the event that it fails to fulfill its contractual
obligations.

Title
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