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SYLLABUS

Tais volume accompanies the Main Report and Supplemental Environmental
y Impact Statement for the Phase II General Design Memorandum for the
Santa Ana River Mainstem including Santiago Creek and contains the
~ seneral design for the Santa Ana River from Prado Dam to the Pacific
\_ Ocean. e

. 5
1 The recommended plan will convey design outflows of 30,000 ft3/s from
{ Prado Dam to 47,000 Tt#/s at the Pacific Ocean. The project consists of
.f acquisition of the post project overflow area along 8 miles of river
just downstream of Prado Dam (Prado Dam to Weir Canyon Road) and 23 miles
of improved channel (Weir Canyon to the Ocean). The reach from Prado
p Dam to Weir Canyon would remain in a natural rural condition for wild-
‘ life and open space value. The improved channel will consist of
sections of trapezoidal riprap or grouted riprap channel, trapezoidal
: concrete-lined cnannel and rectangular concrete-lined channel. The
¢ ocean outlet will consist of rock mounded jetties. In addition, the
Greenville-Banning Channel would be modified to join the Santa Ana River
about 1 mile upstream of the Pacific Ocean. Talbert Channel will be
relocated 1,000 feet upcoast from its present location to accommodate
widening of the Santa Ana River at the ocean. The channel access and
maintenance roads would be incorporated into the overall recreational
trail system for the entire river. A 92-acre marsh will be restored at
tnhe mouth of the river for the preservation and enhancement of wildlife.

The estimated total project first cost is $365,000,000 including
precoanstruction engineering and design. Average annual charges will
include $5%5,000 for channel operation and maintenance and $50,000 for
recreational maintenance. Preconstruction cost for engineering and
design in the amount of $10,550,000 for the lower channel includes
L engineering and design costs previously expended and anticipated funding
allocation for preparing plans and specifications in FY 1989 has been
expended to date. The project economic data is presented in Volume 9,
Economics and Public Comment and Response.
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II.

I1I.

Iv.

PERTINENT DATA

Lower Santa Ana River Channel

(Prado Dam to Pacific Ocean)

Drainage Area:

a.
b.

Total Drainage Basin
Basin above Prado Dam

River Gradient (below Prado):
Santa Ana Canyon to Pacific Ocean

Design Discharge:

a.
b.

Santa Ana Canyon
Weir Canyon to Pacific Ocean

Channel Improvements:

a.

Pacific Ocean to Fairview Channel
(Stations 7+60 to 150+32)

Fairview Channel to San Diego Freeway
(Stations 150432 to 273+00)

San Diego Freeway to Edinger Avenue
(Stations 273+00 to 393+50)

Edinger to River View Golf Course
(Inlet) (Stations 393450 to 535+80)
River View Golf Course (Inlet) to
Orange Freeway (Stations 535480 to
689+85)

Orange Freeway to Glassell Street
(Stations 689+85 to 865+15)

Glassell Street to Imperial Highway
(Stations 865+15 to 1069+10)

Imperial Highway to Weir Canyon Road
{(Inlet) (Stations 1069+10 to 1218+20)

Weir Canyon Road (Inlet) to Corona
Freeway (Prado Dam) (Stations 1218+20
to 1607+50)

vii

2,450 mi2
2,255 mi?
15 feet/mile

30,000-37,000 ft3/s
38,000-47,000 ft3/s

Soft Bottom-Trapezoidal
Riprap Side Slopes
Concrete Rectangular

Concrete Trapezoidal
Concrete Trapezoidal

Soft Bottom-Trapezoidal
Riprap Side Slope

Soft Bottom-Trapezoidal
Riprap Side Slope
Soft-Bottom-Trapezoidal
Riprap Side Slope

Soft Bottom-Trapezoidal
Riprap Side Slope
Intermitent

Bank Protection




J. Greenville-Banning Channel Concrete Rectangular
(Stations 9+50 to 177+00) and Trapezoidal
k. Marsh Restoration Grading and Planting W
V. Project Length: .
a. Canyon Open Space 7.4 m}les
b. Trapezoidal Riprap Channel 12.9 miles
¢. Trapezoidal Concrete Channel 5.0 miles
d. Rectangular Concrete Channel 2.4 miles
€. Trapezoidal Riprap Channel (Ocean) 2.6 miles
f. Trapezoidal Outlet Channel and Jetty 750 feet
VI. Channel Width: Varies 160-450 feet
VII. Drcp Structures:
a. To be modified 1 each
b. New 3 each
VIII. Total Bridges: b2
a. Highway Bridges 35 each
(1) Bridges to be replaced 2 each
(2) Bridges to be modified 26 each
(3) Bridges to remain y each
(4) Bridges by others 3 each
b. Railroad Bridges 5 each
(1) To be modified 4 each
(2) To remain 1 each
¢. Bilcycle Bridges
(1) Extended 1 each
(2) Remain in place 1 each
IX. Land Acquisition - Santa Ana Canyon Area 1123 Acres
Greenville-Banning Channel
I. Channel Length:
Confluence Santa Ana River to Victoria St. 3.2 miles
II. Design Discharge: 5000-5800 rt3/sec
III. Rectangular Concrete Channel Width: 50-60 feet
IV. Bridges:
a. Highway Bridges 2 each
(1) Bridge to remain 1 : each
(2) Bridge to be modified 1 each
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105 102 Esthetic Treatment Plan-Sta. 254490 to Sta. 194430
106 103 Esthetic Treatment Plan-Sta. 194430 to Sta. 134+40
107 104 Esthetic Treatment Plan-Sta. 134+40 to Sta. T74+70
108 105 Esthetic Treatment Plan-Sta. 74480 to Sta. 8+30
Appendices
No. Title
A. Geotechnical
B. Coastal Design
C. Sediment Transport Analyses
D. Recreation
E. Side Drain Tabulation
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I. INTRODUCTION

Authorization

1-01 Construction authorization for the project is contained in the
Water Resources Development Act of 1986 (99th Congress 2nd Session,
P.L. 99-662). The project for flood control is contained in the report
of the Chief of Engineers for the Santa Ana River Mainstem, including
Santiago Creek, California dated January 15, 1982, except that in lieu
of the Mentone Dam feature of the project, the Secretary is authorized
to plan, design and construct a flood control storage dam on the upper
Santa Ana River. The full authorization language is presented in the
Main Report.

Scope and Purpose of Report

1-02 The primary purpose of the authorized project is to provide
protection against floods and debris in the overflow area. With the
enlargement of Prado Dam Reservoir, the recommended channel improvements
along with the acquisition of an interest in the post project overflow
area between Prado Dam and Weir Canyon Road will permit an increase in
maximum operation releases from Prado Dam. The scope of post-
authorization studies described in this volume of the memorandum
includes establishment of the general and coordinated design of the
recommended flood control improvements between Prado Dam and the Pacific
Ocean. Phase II GDM provides the basis for: (1) a determination for
the project rights-of-way and easements, (2) updating the project costs,
(3) a current assessment of environmental and social effects, and (4)
preparation of contract plans and specifications.

Local Cooperation

1-03 The division of Federal and non-Federal responsibilities for local
cooperation are outlined in the Main Report.
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II. PROJECT PLAN

Description of the Project Area

2-01 The 2,u50-m12 Santa Ana River Basin (fig. 1) contains the largest
river system in Southern California. The Santa Ana Mountains and Chino
Hills separate the upper and lower drainage basins in the vicinity of
Prado Dam. In the lower basin, the Santa Ana Mountains (over 5,000 feet)
stand in contrast to the ro%ling Chino Hills (1,780 feet). Theelower
basin occupies about 200 mi“ and the coastal plains about 70 mi<. The
relatively flat coastal plain areas are mainly committed to urban use
and any remaining open spaces are few in number and small in size. Over
two million people live and work within the floodplain downstream of
Prado Dam. The cities of Yorba Linda, Anaheim, Santa Ana, Huntington
Beach, Orange, Newport, Fountain Valley, Westminster, Stanton, Costa
Mesa, Buena Park, and Fullerton lie wholly or partly within the overflow
area from a standard project flood. Photos 1 through 8 show the
existing Santa Ana River channel from the mouth (at Pacific Ocean)
upstream to Prado Dam.

Existing Flood Control Facilties

2-02 The existing flood control improvements built by local interests
and the Corps of Engineers along the Lower Santa Ana River would reduce
damages from small floods, but provide an insufficient level of
protection for the highly urbanized Lower Santa Ana River floodplain.

2-03 The lower basin is currently provided with limited protection by
the Prado Dam and Reservoir which were completed in 1941. Prado Dam
presently offers only 70-year flood protection. Floods larger than
70-year frequency would result in uncontrolled spillway flows.

I1-1
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PHOTO 5 LOOKING UPSTREAM ALONG SANTA ANA RIVER. CROSSING BY ORANGE FREEWAY. (13 MILES V/S)
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PHOTO 7:  LOOKING UPSTREAM THROUGH SANTA ANA RIVER CANYON. GREEN RIVER GOLF COURSE N FOREGROUND
IS RIVER STREAMBED. LOW FLOW CHANNEL 1S ADJACENT TO FREEWAY. (28 MILES U/S)
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2-04 The Santa Ana River between Prado Dam and the Pacific Ocean is
approximately 30.5 miles in length. The upstream 2.5 miles are located
in Riverside County, and the remaining 28 miles are within the Orange
County limits. The river winds through the narrow and relatively
undeveloped Santa Ana Canyon for a distance of about 10 miles before it
turns southwest into the alluvial plain of the metropolitan area of
Orange County. Over the years, the Lower Santa Ana River has been
improved by local interests from the Santa Ana Canyon to the Pacific
Ocean. Typical cross sections of existing channel improvements are
shown on plate 70.

PRADO DAM TO WEIR CANYOM ROAD

2-05 Much of the upper reach of the river is unimproved. Within the
Santa Ana Canyon, slope protection has been constructed by various local
entities at freeway and railroad embankments, and at existing private
developments adjoining the river. Slope protection for freeway
embankments includes riprap and soil cemented side slopes. The private
developments have constructed riprap or grouted riprap slope protection.
The AT&SF Railroad has constructed riprap slope protection and installed
sheet piles at critical areas. Within the Santa Ana Canyon, flows enter
an improved channel immediately upstream from the Weir Canyon Road
bridge. The Green River Golf Course, a 345-acre, 36-hole golf course is
located within the streambed of the Canyon reach. The improved low-flow
channel through the golf course will convey about 2,000 ft-/sec.

WEIR CANYON TO KATELLA AVENUE

2-06 Existing channel improvements begin in the vicinity of Weir Canyon
Road. Just upstream from Weir Canyon Road bridge, the Savi Ranch
development has constructed a levee embankment for flood protection.
From Weir Canyon Road downstream to a point about 1,100 feet south of
Katella Avenue, a distance of 9.6 miles, the existing channel is
trapezoidal in cross section with a soft-bottom invert and stone
revetted side slopes of 1V to 2H. The channel has a base width ranging
from 300 feet at the upstream end to 320 feet near Katella Avenue, and
channel depths ranging from 12 to 18.5 feet. Within this reach there
are eight drop structures from 4.5 to 9.7 feet in height which function
as hydraulic energy dissipators and streambed stabilizers. A portion of
river flows are diverted into water spreading basins along the right
bank for ground water recharge.

KATELLA AVENUE TO GARDEN GROVE FREEWAY

2-07 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 2U0 to 270 feet, and side slopes changing from
1V on 1.5H to 1V on 3H. The upstream 500 feet of channel with steeper
side slopes has concrete side slope protection, and the remaining reach
of this channel has stone-revetted side slopes. Within the revetted
reach of channel, there are two drop structures, approximately 1 mile
apart, constructed by the Orange County Environmental Management Agency
(OCEMA).

II-1n
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GARDEN GROVE FREEWAY TO 17TH STREET

2-08 The easterly side of the river is improved with a grouted rock
revetment running from the Santiago Creek confluence to approximately
500 feet north of 1Tth Street, a distance of approximately 3,600 feet.
There is a reinforced concrete lining on both sides of the river from
17th Street to the point where it joins the revetted side slope. The
westerly side has approximately 700 feet of grouted riprap at the
confluence with Santiago Creek; the remainder between the concrete
lining north of 17th Street and Garden Grove Boulevard has minimal
protection of a pipe and wire revetment installed after the 1938 flood.
The golf course turf provides no stabilization except for very minor
annual floods. The bicycle trail crossing near 17th Street functions as
a grade stabilizer with heavy rock revetment placed as a protective
measure during the floods of 1978 and 1980. However, it is not a drop
structure. There is also a grouted rock stabilizer at the downstream
side of the Garden Grove Boulevard bridge.

17TH STREET TO ADAMS AVENUE

2-09 From approximately 1,200 feet upstream from 17th Street to about
3,000 feet downstream from Adams Avenue, a reach of 7.4 miles, the
existing Santa Ana River is a channel with soft bottom, trapezoidal
cross section, and heights ranging from 13 to 17 feet. The side slopes,
varying from 1V to 1.5H to 1V on 2H, are protected with reinforced
concrete. The base width of the channel varies significantly within
this reach, ranging from 160 to 250 feet.

ADAMS AVENUE TO PACIFIC COAST HIGHWAY

2-10 Downstream of Adams Avenue for a distance of 1.8 miles, the base
width of the existing soft-bottom trapezoidal channel is 160 feet. The
channel height is approximately 16.5 feet with side slopes of about 1V
on 3H. About 0.6 miles upstream from the Pacific Coast Highway, the
improved channel has either a concrete or grouted stone invert. The
channel width is 160 feet except at the downstream 0.2 miles where the
width changes to 180 feet. The channel cross section transitions from
trapezoidal to rectangular as it flows downstream. Wall heights for
both type of channel sections are approximately 16 feet. The 564 feet
long channel transition and downstream vertical channel walls are
constructed with reinforced concrete. The existing Greenville-Banning
Channel is located adjacent and parallel to the Santa Ana River channel
in this reach.

SANTA ANA RIVER OUTLET
Channel Configuration
2-11 The outlet channel of the Santa Ana River is located south of
Pacific Coast Highway in Huntington Beach where the river discharges

into the Pacific Ocean. The outlet channel ronsists of a transition
section, from rectangular concrete tc trapezoidal stone jetty. The
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700-foot-long outlet channel has a soft-bottom invert with a base width
varying from 180 to 316 feet. The existing Santa Ana River mouth
includes the Greenville-Banning Channel to the southeast, the Talbert
Channel to the northwest, and the Santa Ana River in between the two.
Near the ocean outlet the channel widths are approximately 150, 300, and
80 feet for the Greenville-Banning Channel, the Santa Ana River, and the
Talbert Channel, respectively. The width of the Santa Ana River varies
from 160 to 180 feet upstream from the Pacific Coast Highway. The
as-built invert slope of the Santa Ana River (0.001 to 0.003) is
generally greater than that of the Talbert Channel (0.0005 to 0.0009)
and the Greenville~Banning Channel (0.0005).

Jetty Configuration

2-12 The existing outlets of the Talbert Channel, Santa Ana River, and
Greenville-Banning Channel are contiguous and are stabilized by four
Jetties: (1) an exterior jetty on the northwest side of the Talbert
Channel ("Northwest Jetty"), (2) an interior jetty separating the
Talbert Channel and the Santa Ana River, (3) an interior jetty
separating the Santa Ana River and the Greenville-Banning Channel, and
(4) an exterior jetty on the southeast side of the Greenville-Banning
Channel ("Southeast Jetty"). The jetties are not orthogonal
(perpendicular) to the shoreline, but angled slightly to the southeast.
The jetty lengths also diminish with distance to the southeast, the net
result being an offset configuration in which the Northwest Jetty
extends about 150 feet further offshore than the Southeast Jetty.

2-13 Each jetty is of rubble mound construction. The jetties are in
sound condition despite the apparent displacement of several large rocks
from the tip of the Northwest Jetty. The existing rock will be reused
for new jetty construction.

The Flood Probleam

2-14 Although portions of the existing Santa Ana River channel_can
convey flows having a capacity ranging from 30,000 to 40,000 ft3/sec,
severe egosion of the unlined channel invert would occur if more than
5,000 ft2/sec is released from Prado Dam. Discharge of more than

5,000 ft’/sec from the dam would undermine the toe of channel
embankments and would erode the foundation materials underneath the
piers of many bridges. The Orange County Environment Management Agency
(OCEMA) has been improving the capability of the Santa Ana River channel
during the last 30 years, but the invert of the entire channel system
must be stabilized and the channel banks strengthened before the channel
can convey the design flood. Thg spillway outflows from Prado Dam under
present cogditions are 50,000 ft°/sec for the 100-year flood event and
160,000 ft-/sec for the 200-year flood event. These flood events would
not be contained by the existing channel improvements and would cause
widespread flooding within the lower river area. With Prado Dam and
Santa Ana Ri;er improvements in place, peak discharge would be reduced
to 30,000 ft-/sec. '
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Phase 1 Authorized Plan

GENERAL

2-15 The Phase I authorized channel improvements for the Lower Santa
Ana River were developed in consideration of existing channel conditions
and rights-of-way. In general, six methods of improvement were proposed
for various reaches of the channel: (1) intermittent levee and bank
protection within the Santa Ana River Canyon to Weir Canyon Road;

(2) trapezoidal earth-bottom channel with revetted side slopes,

(3) combination levee and parapet walls, (4) rectangular concrete-lined
channel, (5) rectangular concrete wall channel with soft bottom
downstream to the Pacific Ocean; and (6) rock jetties at the ocean
cutlet.

PRADO DAM TO WEIR CANYON BRIDGE

2-16 The authorized plan for the 8-mile reach of canyon was to acquire
and manage lands within the post project overflow area for wildlife and
open space values. Improvements in the canyon reach included
intermittent levee and bank protection along the upstream 7.6 miles of
the Santa Ana River. The bank protection consisted of stone revetment
with a thickness varying from 12 to 24 inches, placed at various
locations adjacent to the Riverside Freeway along the upper 3.3 miles of
the river. Another 4,700 feet of 18-inch grouted stone revetment was
proposed at a mobile home park where excessive channel scouring was
anticipated.

SANTA ANA RIVER CHANNEL--WEIR CANYON TO PACIFIC OCEAN

2-17 Downstream from Weir Canyon to the Pacific Ocean, the remaining

23 miles of the existing river channel were proposed to be widened,
deepened, and regonstructed to carry the project design flow of about
38,000-47,000 ft°/sec. Channel improvements authorized generally
consisted of four types of channel: (1) soft-bottom trapezoidal channel
with revetted side slopes, (2) hard-bottom concrete rectangular channel,
and (3) soft-bottom concrete rectangular channel and lastly, (4) a
channel configuration with levee and parapet walls.

2-18 Starting with the inlet levee located immediately upstream from
Weir Canyon Road (sta. 1216+30) to the viecinity of River View Golf
Course (approximate sta. 535+30) the first 12.0 miles of existing
trapezoidal soft bottom channel would have been improved by deepening
the invert and raising the banks. The channel invert would remain
unlined to allow groundwater recharge, but the channel slopes would be
revetted with 18 inches of grouted stone.

2-19 Within this reach, 20 stabilizer structures would have been
constructed at approximately 2,000-foot intervals in order to stabilize
the channel invert during floodflow. The 11 existing drop structures
would have been modified and three new drop structures would have been
built at critical locations to reduce the velocity of floodflows. All
of the new and modified drop structures would have been constructed with
reinforced concrete.
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2-20 At the River View Golf Course, the channel in Phase I GDM was
irregular in cross section. A vertical reinforced concrete floodwall
was planned to be constructed along the eastern boundary of the golf
course to prevent floodwaters from breaking out of the golf course and
flooding adjacent residences. Under this plan, the invert of the main
channel would have remained in its existing natural condition and used
as a portion of the golf course.

2-21 Downstream from the golf course in the vicinity of 17th Street to
a point about 1,000 feet upstream from the San Diego Freeway, a
reinforced concrete-lined trapezoidal channel was to be constructed.

The 5.0-mile reach of channel would have had a base width ranging from
180 feet to 160 feet, and levee heights varying from 12.5 feet to

20.0 feet. The existing streambed would have been deepened by a maximum
of 10 feet in order to carry the design floodflows.

2-22 The authorized channel improvement required eight street bridges
and one railroad bridge to be reconstructed. In addition, the Slater
Avenue bridge was to be modified to accommodate the design flows. A
subdrainage system would have been required under the invert of the
rectangular concrete channel.

2~23 The downstream 2.6 miles (sta. 150+32 to the Pacific Ocean) of the
Phase I channel to Pacific Coast Highway was a soft bottom channel with
vertical concrete walls. The width of the channel varied from U450 feet
to 480 feet, and the height of channel was to be about 15 to 18 feet
above the channel invert.

2-24 The authorized outlet channel structure was to be located
immediately downstream from the Pacific Coast Highway where the Santa
Ana River empties into the Pacific Ocean. The channel in this reach
would have had a bottom width of U50 feet and a trapezoidal cross
section. The outlet structure was to be a jetty section covered with a
48-inch layer of stone revetment over 12-inch filter material. The
stone revetment would have been extended to a depth of 10 feet below the
invert elevation. The height of channel walls above invert grade would
range about 12 to 15 feet.

GREENVILLE-BANNING CHARNEL

2-25 The existing portion of Greenville-Banning Channel to be improved
is an unpaved trapezoidal channel located parallel to the Santa Ana
River channel. The limited improvements constructed by local interests
have insufficient capacity for conveyance of major floods. The
authorized Greenville~Banning Channel improvement was to be located
adjacent to the east bank of the Santa Ana River chznnel. The
improvement for the existing channel was to begin approximately

1,600 feet south of San Diego Freeway, and would have joined the Santa
Ana River about 2,000 feet south of Victoria Street, a total distance of
3.3 miles. Due to urbanization along the channel, the major portion of
the channel would have had a rectangular cross section with reinforced
concrete invert and walls. The channel invert would have varied from
50 feet to 60 feet in width, the channel wall heights ranging from

13.5 feet to 17 feet. An upstream transition section would have joined
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the improved rectangular channel with the existing trapezoidal

channel. The merging of Greenville-Banning and Santa Ana River would
have resulted in a widened Santa Ana River channel below Victoria
Street. The widened channel would have affected about 5 acres of the
west side of the Victoria Pond, a fresh water lagoon located to the east
of the existing channel. The pond was to be relocated to the southeast
and maintained to its approximate 13-acre size.

HUNTINGTON BEACH/TALBERT CHANNEL

2-26 The recommended relocation of the Talbert Channel was required due
to realignment and widening of the proposed Santa Ana River channel
mouth. The existing Talbert Channel was to be moved immediately to the
west (upcoast) from its existing alignment. The portion of relocated
channel was to be approximately 1,500 feet in length, with a trapezoidal
cross section. The soft-bottom channel was to be designed for the
100-year runoff with a base width of about 160 feet.

SALT MARSH RESTORATION

2-27 Eight acres of salt marsh were to be purchased as mitigation for
flood control improvements between Victoria Avenue and Pacific Coast
Highway. In addition, about 84 acres of salt marsh, existing tidal
channels, and an upland area were to be acquired, modified, and restored
to enhance endangered species habitat. The marsh was to be modified by
regrading, extending the existing channels, and replacing the existing
tide gate with a more effective tide gate system in order to improve the
overall tidal circulation in the wetland area. A 6-acre island for a
least tern colony was to be constructed as part of the restoration.

The Plan Recommended in this Report

2-28 The plan recommended in this report is in basic accordance with
the authorized plan. Detailed elements of the Phase I design were
generally followed for the Phase II GDM. Deviations from the Phase I
design were made upon reexamination of hydraulic considerations,
economic feasibility and viability of construction. The major change
has been to eliminate certain reaches of rectangular channels
construction. A comparison of the aut. ~rized plan and Phase II
recommended channel design are shown in .able II-1.
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Table II-1.

Lower Santa Ana River.

e T

Comparison of Phase I and Phase II Channel Design,

Reach

Phase 1

Phase II

(1)

(1)

10.

Pacific Ocean to Fairview
Channel (Stas. 7+60 to 150+432)

Marsh Restoration
Talbert Channel

Fairview Channel to San Diego
Freeway (Stas. 150+32 to 273+00)

San Diego Freeway to Edinger Ave.
(Stas. 273+00 to 393450)

Edinger to River View Golf Course
(Inlet) (Stas. 393450 to 535+80)

River View Golf Course (Inlet)
to Orange Freeway (Stas. 535+80
to 689+85)

Orange Freeway to Glassell St.
(Stas. 6839+85 to 865+15)

Glassell St. to Imperial Highway
(Stas. 865+15 to 1069+10)

Imperial Hwy. to Weir Canyon
Rd. (Inlet) (Stas. 1069+10
to 1218+20)

Weir Canyon Road (Inlet) Corona
Freeway (Prado Dam)
{Stas. 1218420 to 1607+50)

Greenville-Banning Channel
(Stations 9+50 to 177+00)

Soft Bottom
Vert.Conc. Wall

Grading and
Planting

Soft Bottom-Trap
w/Riprap S.S.

Rectangular
Concrete

Rectangular
Concrete

Rectangular
Concrete

Flood Wall

Soft Bottom-Trap
W/Riprap S.S.

Soft-Bottom-Trap
W/Riprap S.S.

Soft Bottom-Trap
W/Riprap S.S.

Intermittent
Protection

Concrete Rect.
& Trap

Soft Bottom-Trap
W/Riprap S.S.

No change

No change, but
relocate to West
No Change
Concrete Trap

Concrete Trap

Soft Bottom-Trap

W/Riprap S.S. .
No Parapet Wall )
No Change

No Change

No Change

Intermittent
Protection®

No Change

(1

own embankment protection.
Green River Golf Course Adjacent to Mobile Park Homes.

Part of Reach 1.

#Existing Freeways, Railroad and private developments have provided their
Riprap levee protection is recommended at
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2-29 Detailed descriptions of the recommended changes are as follows:

a.

In the 8.1 miles of the Santa Ana River downstream from Prado
Dam, where bank protection was to be provided, the proposed
stone protection for the existing Highway 91 embankment will not
be placed due to CALTRANS having constructed soil cement bank
protection in the same locations as the authorized improvements
and has future plans to provide additional protection. Private
developments have also provided their own slope protection which
was constructed in coordination with the local sponsors. In
addition, approximately 380 acres of canyon lands, previously
Wwithin the original floodplain that was to be acquired and
designated for acquistion have been lost due to urban
development leaving approximately 1,123 acres of canyon lands
currently available for acquistion. Orange County has acquired
800 acres of the land to date.

Green River Golf Course. Due to overbank flows from Santa Ana
River into the mobile homes located behind the Green River Golf
Course, a levee was designed to contain the floodflows in the
river. The levee will be located between station 1489400 to
1515400, The levee is designed with side slopes at 1V to 2H,
and height between 3 feet to B8 feet. The top of levee will be
15 feet wide with the river side slope extending 18 feet below
the existing channel thalweg and protected by 12 to 36 inches of
riprap.

Highway 91 Embankment. CALTRANS has placed soil cement or
riprap protection along various locations of the highway
embankment adjacent to the Santa Ana River. With few
exceptions, the existing slope protection has held well under
various flow conditions. CALTRANS currently has plans to do
additional slope protection work within this area. In addition,
because outflows from Prado Dam under maximum design discharge
condition would be reduced, slope protection for the existing
highway embankments are not planned.

Weir Canyon Road Inlet. In the vicinity of Weir Canyon Road,
the channel inlet required modification due to recent
development in the area. The inlet will now tie into the
existing Savi Ranch Development Levee on the south bank and the
existing natural north bank. Downstream from Weir Canyon Road,
portions of the south levee were recently improved by Orange
County. Existing levee portions will be incorporated into the
project where feasible, and would not be reconstructed. From
Weir Canyon Road to the vicinity of the River View Golf Course
all but one of the 13 drop structures will be provided with a
parabolic drop design instead of the previous vertical drop.
The parabolic drop structures were modeled at the Corps' Water
Experiment Station (WES). The downstream toe of the drop
structures will be protected with a stone-revetted apron. One
drop structure will be grouted stone with a 1V on 2H sloping
face. This drop structure will be located within the River View
Golf Course at station S5T1+50 (pl. 34).
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River View Golf Course. At the River View Golf Course, the
Phase I GDM channel design of a low flow channel and floodwall }
behind the golf course did not accommodate the Santiago Creek
confluence design. In addition, the original proposed floodwall
located along a row of homes bordering the golf course was
excessively high (8 to 10 feet) and would be objectionable to
adjacent property owners with its obstruction of view. In order
to accommodate the design of the Santiago Creek confluence, it
was necessary to lower the Santa Ana River invert and add a drop
structure immediately upstream from the confluence. An improved
channel to carry the necessary flows through the golf course
will be constructed. The channel is designed as a trapezoidal
section with earth bottom and riprap side slopes. The channel
construction will require removal of a number of greens and
portions of fairway from the golf course.

Downstream Mainstem Channel. Downstream from the River View
Golf Course at Edinger Avenue to about the San Diego Freeway,
the channel cross sections has been changed from the Phase I
rectangular concrete to a trapezoidal concrete channel, because
of available rights-of-way and estimated lower construction
costs. Further downstream, due to rights-of-way constraints, a
concrete rectangular channel design was developed for the next
2 miles between the San Diego Freeway and Adams Avenue

(sta. 273+00 to sta. 150+400). From Fairview Channel to the
Pacific Ocean, the channel cross section has been changed from
the Phase I rectangular concrete (T-wall) with soft bottom to
stone-revetted trapezoidal channel with soft bottom. This
change is based on available rights-of-way, constructability
considerations and also lower construction costs.

N

Marsh Restoration. The marsh restoration design was
accomplished and presented in a report entitled "Marsh
Restoration, Lower Santa Ana River channel, Orange County,
California", dated September 1987, by Simons & Li Associates.
The design includes construction of a training dike within the
Santa Ana River to improve tidal circulation to the 92-acre
marsh restoration (located just upstream from the Pacific Coast
Highway). Marsh restoration includes regrading, planting and
the installation of new tide gates along the east bank of the
Santa Ana River. Restoration plans for the proposed marsh have
been coordinated with the appropriate resource agencies.
Detailed discussion of the channel mouth design is contained in
Section 5, Coastal Design.

Channel Outlet. The existing jetties are to be removed and

replaced with new jetties. A training dike is added at the

ocean outlet (downstream from Pacific Coast Highway Bridge) to

assure less frequent closure of the mouth due to littoral drift

and improve tidal flow and circulation for the salt marsh.

Further description of the training dike is in the Coastal

Design, Appendix B. ~)




i. Talbert Channel. The Talbert Channel has been relocated about
1,000 feet further upcoast to the west to avoid impacts to the
existing least tern nesting colony. Orange County has indicated
\\, they will design and construct the channel in advance of the
mainstem project.

‘Consideration of Other Alternatives

2-30 A number of alternative design studies were considered during the
development of the Phase II GDM. The following alternative studies were
accomplished.

a. Concrete trapezoidal channel from the River View Golf Course to
the San Diego Freeway.

Phase I design for this reach was a concrete rectangular channel
varying 16-19 feet high and 240-250 feet wide. This construction
was estimated to be more costly than the concrete trapezoidal
channel ultimately incorporated in the design of this reach.

b. Elimination of River View Golf Course parapet wall.

Within this reach, the golf course is located within the
riverbed of the channel. This portion of the river is also the
confluence of Santiago Creek with Santa Ana River. Phase I
design contained the riverflow between the west levee and a
parapet wall along the east edge of the golf course. Due to the
necessity to lower the invert of Santiago Creek confluence to
join with Santa Ana River, the Santa Ana River channel invert
had to be lowered. In addition, a new drop structure was

L required on Santa Ana River immediately upstream of confluence.
1 Lowering of the channel invert allowed the mainstem channel to
contain the design project discharge and eliminated the need for
a parapet wall.

c. Trapezoidal stone revetted channel from Fairview Channel to the
Pacific Coast Highway.

bottom invert. A rocked revetted trapezoidal channel was
designed to contain the design discharge without additional
channel width.

ﬁ Phase I design called for a vertical walled channel with earth

d. Soft bottom retangular channel with concrete sheet pile walls
from Fairview Channel to Pacific Coast Highway bridge.

This proposal retained the Phase I channel design of a vertical

wall rectangular channel by replacing the walls with vertical

concrete sheet piles., The cost of this alternative was found to

be slightly less than the original T-wall design. The vertical

concrete cut-off wall was also eliminated in this design.

Further studies (see c¢. above) resulted in the recommendation of
( : the trapezoidal stone-revetted channel in this reach.
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Reconstruction and/or modification of existing bridge structures
with respect to the Phase II recommended channel design.

A review was made of all bridge crossings in an effort to lessen
the cost of bridge reconstruction and modifications. Only two
bridges were found to be necessary for reconstruction compared
with 11 bridges in Phase I. Considerable savings were effected
by a concerted effort to save as many bridges as possible.

Alternative to improve tidal circulation for the marsh
restoration.

To provide additional tidal circulation to the marsh.
Additional channel flows from Talbert Channel were considered.
This required an extension of flows from the relocated Talbert
Channel to the main channel by utilizing either the existing
channel or a new reinforced concrete pipe outlet. This
alternative was determined to be costly and unnecessary as the
final design of the mainstem channel mouth will include
construction of a training dike within the mainstem channel
outlet that would adequately allow for tidal circulation to the
marsh.
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III. HYDROLOGY

General

3-01 This section provides a brief description of the Lower Santa Ana
River Basin and presents the design discharges for the recommended
channel on the mainstem. More detailed information on the development
of the hydrology is given in Volume 7 of this GDM.

3-02 The Lower Santa Ana Riyer basin from Prado Dam_to the Pacific
Ocean comprises about 200 miz, excluding about 19 G tributary to
Carbon Canyon Creek above Carbon Canyon Dam. The Lower Santa Ana River
(SAR) flows about 31 miles from Prado Dam through the Santa Ana Canyon
and the cities of Yorba Linda, Anaheim, Orange, Santa Ana, Fountain
Valley, Costa Mesa, and Huntington Beach before emptying into the
Pacific Ocean. Approximately 60 percent of the drainage area below
Prado Dam lies within the Santa Ana Mountains and the Chino Hills. This
area is expected to remain in a natural undeveloped state during the
life of the project. Most of the remaining area is in the coastal plain
which extends southwestward to the Pacific Ocean and is heavily
urbanized. This drainage area (fig. 2) is only a small part of the much
larger urbanized overflow area of the Santa Ana River. Figures 3 :
through 6 show the location and boundaries of the drainage basin.
Numerous tributaries contribute to the Santa Ana River within the
watershed. The principal lower basin tributary is Santiago Creek, which
rises to an elevation of 5,687 feet at Santiago Peak. Other tributaries
include Wardlow Canyon, Aliso Canyon, Gypsum Canyon, Coal Canyon, Weir
Canyon, Blue Mud Canyon, Walnut Canyon, and Carbon Canyon. Within the
urbanized area downstream from Weir Canyon Road, there are approximately
150 drains and 4 pump stations also contributing flow to the Santa Ana
River.
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Mainstem Design Flood Peak Discharges

3-03 Table III-1 lists the design flood peak discharges (based on
future conditions) at several locations along the Lower Santa Ana River
as shown in figure 7. The design flood peak discharges on the Santa Ana
River below Prado Dam are produced by a general storm critically
centered above Prado Dam with contemporaneous rainfall from the same
general storm falling on the drainage area bglow Prado Dam. This storm
resulted in a outflow discharge of 30,000 ft-/sec from Prado Dam, which
was routed downstream and combined with the contemporaneous flow of
downstream subareas to determine the design flood peak discharges at
each location. A storm centered below Prado Dam, whether a local storm
or a general storm, will not be more critical than the selected storm
centered upstream from Prado Dam.

Table III-1. Design Flood Peak Discharges Along
the Lower Santa Ana River.

Design
Location Station Discharge (cfs)#®
Prado Dam Outflow 1607+50 30,000
Downstream from:
Wardlow Canyon 1603+10 31,000
Weir Canyon Road 1207+30 37,000
Imperial Highway 1065+61 38,000
Carbon Canyon Diversion Channel 846425 40,000
Santa Ana Freeway 625+39 42,000
Santiago Creek 564400 46,000
Hamilton Avenue 72+90 47,000
Pacific Ocean 16495 47,000

*Based on general storm upstream from Prado Dam. Design discharges
below Prado Dam are approximately a 190-year event.

Interior Flood Control

3-04 Interior flood control refers to drainage from areas protected
from direct river flooding by levees or floodwalls. From the end of the
canyon reach at Weir Canyon Road to 17th Street in Santa Ana, the
project channel levee heights are generally 2-4 feet above the natural
ground line. From 17th Street to the Pacific Ocean, the levee heights
increase to about 10-15 feet above the natural ground line. Peak
discharges and runoff volumes were determined for all interior drainage
areas for the following three conditions:
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Ce.

Flood condition 1: 100-year local storm peak discharges in the
side drains and contemporaneous local storm peak discharges in
the river.

Flood condition 2: SPF local storm peak discharges in the side
drains and contemporaneous local storm peak discharges in the

river.

Flood condition 3: Contemporaneous general storm peak
discharges in the side drains and design discharges in the
river.

In general, condition 1 discharges (100-year) were used for side drain

design.

Condition 2 discharges (SPF) were used to identify residual

flooded areas at the project channel. Hydraulic design and presentation
of residual flooded areas are included in Chapter IV, Hydraulic Design.

III-3




PR EEL - 7R

Pt

i rwindoldd " ﬁ‘m' Sal ‘rm.u‘l V;r
S et SN
B/

—

- o s 10 12

7 ¢ 1 . A

et SCALE IN MILES

LOWER SANTA ANA RIVER
DRAINAGE BOUNDARY o=

UPPER SANTA ANA
DRAINAGE BOUNDARY

i
;NE:STMlNSTE
l -"
i ’
'; rr—_sam . b

FOUNY sx_
VAUEVIRG A
Poer o AN
ONTI /// q";; s
BEA P \Oun o/ Y
Sl ee [ 3)\/\\ VA ¢
and tatey | . anja Ana’ elghu\ .“.
JOSTA'ME 2 | \ )
i \ .. ) f ’
C ‘ ! L
l-do MMJMP._ 3 ,\?’x lo'bol ‘l/ \ !
NEWPO = s lno Curer |
: BEAC A . \'\\n‘\l,ﬂl‘ m;/h
‘-sn 7 ;')‘ } ,é{‘:-;.':'-éf' \:2.:;' . "7
I AN st
AR ST P AARANNR

TVT BB R

= ;(——
a4
a4 3
a8 .l.,
S NS

ks..mlv 9y )
ﬁ1\¢~| n.u(r

\ [ bl
S0 Suverado ) ’
St i .o

\-' Guard . B

oD\ e TN N
oy 1 A v\
iy " — " ~ e

SANTA ANA RTVFER MATNSTFM CALTFORNTA
PHASE. T1 GENERAL DESTGN MFMORANDUM

LOWER SANTA ANA RIVER

DRAINAGE BOUNDARY

U.8. ARMY CORPS OF ENGINEERS
LO8 ANGELES DISTRICTY

CHAPTER 3

FIGURE 2




-

MATCH TO FIGURE 4

LAl
A

A TS
[z

S




LEGEND
BOUNDARY OF DRAINAGE
AREA.
BOUNDARY OF SUBAREAS.

SUBAREA DESIGNATION.
1 ! b 'o ¥ Seand J m‘ﬂ

M =
[ « 3 o

SANTA ANA RIVER MAINSTEM, CALIFORNIA
PHASE | GENERAL DESIGN MEMORANDUM

LOWER SANTA ANA RIVER
DRAINAGE AREA

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT










= ~-\ :: I
o [] 1 ‘..':\x 4B

1 ;~'I/,k‘:'§.

/" . T ’,.-://

I

7N
/. ""\[lf,’«/{’t\ &
' % g/\ /)




.

DRAINAGE AREA

TA ANA RIVER MAINSTEM, CALIFORNIA
PHASE % GENERAL DESION MEMORANDUM

LOWER SANTA ANA RIVER

i

, _.,w o oy "~
7S »\l

ST
4, Tk I

7/

;
X/

»
S ETRErS




VA4 LE0OdMIAN

X HO
o

(4

b-d
ng ony

.
J
. h |
[4 H xz
3 :
-+ H
£
\""‘«- _
A
GVs5
— - o' N
Ny
‘E’i‘l N
®
. -," .«"’ 5
ve! - §§
2 5
13

o (Yo 3
R
LY .. 2
ol @
-
&

)
h7S

L

G

o

A

! <7

LT e iwa e r—T—




gt C Nt LEGEND

oy L Lo Prey sk {11 T W  —Il—  BOUNDARY OF DRAINAGE
file = ] AREA.
= - T (i —{—  BOUNDARY OF SUBAREAS.
TONL N oI i (®  SUBAREA DESIGNATION.
: ; A4 & "y = 1 o
i ! ——t % |
1 i o A ) " : : "5 s
ohe s T, -G ~ :
v # N kAt ® e a s o=
T 3 RS 3 C IS 71 s 4
X3 = o e g
. LR RS FHEE
£ \ - a H o & =~ ’ \\83 ol v
) g = "l-\‘ - ‘
” ' 5o 3 & P | & [Rts S
= \ )8 N3] 3 30
\"’ ;o7 3 S . [ ' | ey ;
'3 - ;- cva [ # ' |l ¢ ¥ -t [
S BN Nt R’ N 2 o
i R S I 5 GV3 h 3 l i - .
-~ 'i A 2 e Y o e = : - -1 V 5_;‘5’ --J'f;ﬂ
) -.‘ : A w — . ,{ N %
i 2= ﬂ‘ - .; ; ey -, ==L =

MATCH TO FIGURE 5

II“ ‘
Vot el g " ‘ : i
™} = kS
i . = i g
] ‘ T \ i) l i-_[
< £ i iy =
; ; - 1% - - \\'i T
< 7 i - : — b~ L1 r
.'[/// p . - < .‘. h ~ ] r
W . - '
A ' > Y » ¥ . s . - l d
" o - ' o, ° L ., 1 — o 5 A R 1
-'.4.'- - r g 1 } ol o 1 s b
0 L] 10| 2000 3000 000 %000 0% o et
. A ; — Y o TongTee
\ e ) 22" INTF®UAL 5 FEET 4 . / 3 .-

SANTA ANA RIVER MAINSTEM, CALIFORNIA
ﬁ PHASE i GENERAL DESIGN MEMORANDUM

LOWER SANTA ANA RIVER
DRAINAGE AREA

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

__ - 8 T_“
/ 2 FIGURE 6

T T




OUTFLOW-30,000 cfs

000 cfs

ANAHEIM .

vIL
\\“\ " &
&Anrueo )

/7' o SANTA ANA\;“f s,

380,000

\

>
4
O QITY cn

@~ \

s

ac-ft (2-da'

GREENVILLE-BANNING CHANNEL \

47,000 cfs

PACIFIC OCEAN

DESIGN FLO
JANVARY

% HURATION O
PEAK DISCH




Cri

O

RIVERSIDE

[~~~ INFLOW-254,000 cfs

f
u\w‘,'_&,

.
N~

\SE
19

ICA

DESIGN FLOOD BASED ON OCCURENCE OF
JANUARY 21-24, 1943 GENERAL STORM.

’
€0
=~ 0‘9

N—\Q‘t/

380,000 ac-ft (2-day Day Critical Volume)

INFLOW-85,000 cfs

%oum.ow-moo cfs

*

R

-

N

\,.f\J

% DURATION OF CRITICAL VOLUME IS THAT WHICH GENERATED
PEAK DISCHARGE AND WATER SURFACE ELEVATION

115,000 ac-ft (4-Day Critical Volumc)*

NOTES:

. Reservoir Design Flood

(RDF) at Seven Oaks
Dam is based on NED
storage.

. Between Seven Oaks

Dam and Prado, the
Santa Ana River is
subject to Flood
Plain Management.
Discharges are
100-year frequency.

. RDF at Prado Dam

is 927 of SPF.

Based on 2+ day

volume being the
critical duration,

this is a 190-year
event.

Design flood from Prado
Dam to the Pacific
Ocean is a 190-year
event.

SCALE IN MILES

SANTA ANA RIVER MAINSTEM, CALIFORNIA
PHASE || GENERAL DESIGN MEMORANDUM

DESIGN FLOOD PEAK DISCHARGES
SANTA ANA RIVER

FUTURE CONDITIONS

WITH RECOMMENDED PLAN

i

US ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

B e P TP

Eaatt Lo LR

FIGURE 7

.

P R




IV. HYDRAULIC DESIGHN

General

CRITERIA

4-01 The hydraulic design of the recommended improvements is based on
criteria and procedures set forth in EM 1110-2-1601, Hydraulic Design of
Flood Control Channels. Project drop structure design is based on the
hydraulic model study recommendations prepared by Waterways Experiment
Station, in Vicksburg, Mississippi. Freeboard selection incorporated
design goals prescribed in ETL 1110-2-299, Overtopping of Flood Control
Levees and Floodwalls. Riprap layer thickness determination is from

ETL 1110-2-120, Additional Guidance for Riprap Channel Protection.

EXISTING CHANNEL

4-02 The existing Santa Ana River downstream from Prado Dam is a well
defined channel that has been improved by local interests. Intermittent
levees and bank protection have been provided along the river in the
Santa Ana Canyon below Prado Dam. From Weir Canyon Road to River View
Golf Course, the river is a trapezoidal levee section with revetted side
slopes and soft bottom. Orange County Water District utilizes the sandy
bottom of the channel to recharge the groundwater aquifer and the Orange
County Flood Control District has built a series of drop structures to
control bed scour. From the River View Golf Course to the Pacific
Ocean, the river is a leveed section with concrete lined side slopes and
earth bottom. In this reach, the channel invert has degraded, exposing
the bridge pier foundation piles. In an effort to control bed
degradation, channel stabilizers have been constructed. At the beach
outlet, a sand plug forms in the dry periods and washes out during
winter storms.

RECOMMENDED PROJECT

4-03 The 31 miles of the Lower Santa Ana River is divided into three
reaches for hydraulic design purposes. The Canyon Reach extends from
Prado Dam to Weir Canyon Road (sta. 1607+50 to sta. 1216+47). The Drop

Iv-1
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Structure Reach extends from Weir Canyon Road to the concrete inlet just
downstream from Santiago Creek (sta. 1218490 to sta. 535+30). The )}
Trapezoidal Ocean Reach extends from downstream of Santiago Creek to the
river's outlet at the Pacific Ocean. The design discharges for the
Lower Santa Ana River were given in table III-1. The recommended
channel improvements, are shown on plates 4§ through 53. Channel
improvements are constrained by existing channel widths, drop
structures, bridge deck levels, utilities along the river, existing
rights-of-way, and urban development adjacent to the channel. The
project channel will interface with the existing right-of-way lines and
structural elements such as bridges and utilities to reduce relocation
costs.

ALIGNMERT

4-04 In general, the alignment of the recommended channel will be along
the existing channel. All rights-of-way for the proposed channel will
be provided by local interests. Enhancement lands will be provided by
the Federal Government. In order to clear property lines or existing
structures, minor changes to the alignment presented in the Phase I GDM
were made. All alignment revisions were coordinated with loecal
interests. Generally, horizontal curves were used for deflection angles
greater than 2 degrees and omitted for smaller deflection angles, which
is accepted Los Angeles District practice. Deflection angles greater
than 2 degrees were used without horizontal curves in this GDM.

' Adjustments will be corrected in the final plans. Because spiral curves
S are not used in trapezoidal cross sections spiral curves were omitted
upstream and downstream from simple curves, )

SEDIMENT TRANSPORT STUDY RESULTS

4-05 The hydraulic design of the Santa Ana River was analyzed using
sediment loads to ensure that the project will function for design
flows. The sedimentation analysis is discussed in detail in appendix C.
The study established sediment load boundaries using the HEC-6 computer
program developed by the Hydrologic Engineering Center at Davis,
California. Study results were independently verified by Simons, Li and
Associates, a sediment transport consulting firm. The analysis clearly
indicates sediment deposition will occur in one soft bottom channel
reach between drop structures and in the 5 miles upstream from the ocean
outlet. The break in grade from steep to mild slope in the channel,

) 5 miles from the outlet, will change the flow condition from rapid to
tranquil state resulting in a substantial sediment deposition. Water
surface profiles with sediment deposition in the channel were used to
establish wall heights.

HYDRAULIC MODEL STUDY
\ 4-06 Model studies were required to design a series of drop structures

for the soft bottom channel. Existing and recommended drop structures
were tested at the Corps of Engineers Waterway Experiment Station to
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ensure hydraulic adequacy of the project. The design objectives of the
model testing program were to insure that the drop structures would
provide good energy dissipation within the basin, minimize downstream
scour, maximize the utilization of the existing drop structure
configuration, minimize the cost of modifications, and provide for good
performance for a range of discharges and tailwaters. It is necessary
that the drop structures adequately dissipate energy not only for the
channel design discharge (unit discharges of 125 to 165 ft3/sec per foot
width) but also for the max%mum freeboard design discharge (unit
discharges of 165 to 215 ft°/sec per foot width). This is imperative,
since failure of a drop structure could lead to failure of the levee
resulting in catastrophic flooding in highly urbanized areas. The model
study report was published as U.S. Army Engineer Waterways Experiment
Station, Technical Report HL-88, dated January 1988. As a result of the
model tests, the existing drop structures were modified to include a
parabolic curved chute downstream from the crest, an additional basin
length, two rows of baffle blocks, and a sloping end sill. Model tests
of the recommended drop structures resulted in a stable hydrauliec jump
throughout the range of discharges and a reduction in velocities at the
end sill. Saving the existing drop structures was made possible by
successfully redesigning the stilling basin for larger unit discharges.
The studies resulted in saving the existing 11 drop structures. Drop
structure details are shown on plate T71. :

DESIGN PROCEDURES

4-07 In general, the project was designed to utilize the available
rights-of-way and to save the existing structures. Design efforts
identified the most cost effective channel that could be constructed in
a given reach. Sediment grade lines were established for the proposed
channel, and water-surface profiles were computed. Minimum freeboard
was provided to wall heights. A study was conducted to identify
over-topping locations for floods exceeding the design discharge, and
levees designed to safely pass excess flow over the levee(s). For the
soft- bottom drop structure channel, 3 new drop structures and

21 stabilizers were added to maintain stable grades and control channel
scour. As a minimum, side drains have been designed to carry 100-year
flood frequency interior drainage runoff contemporaneous with local
storm runoff in the Santa Ana River. The local storm river discharge
contemporaneous with the interior runoff is about a 15-20 year event
based on the discharge frequency curves for the Santa Ana River shown on
plates 7-65 and 7-67, volume 7. Whenever feasible, storm drain capacity
was upgraded to handle SPF design storm runoff from the drainage area.
Flap gates have been provided, as required, to contain the design
floodflows in the Santa Ana River.

TRANSITIONS
4-08 The channel was designed using straight-line transitions for the

concrete channel. The wall flare for each wall (horizontal to
longitudinal) conforms to the recommended 1:10 ratio for velocities up
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to 15 feet per second and 1:15 ratio for velocities 15 to 30 feet per
second. Transition losses were computed using loss coefficients of 0.10
for contraction and 0.20 for expansion (EM 1110-2-1601, paragraph 10,
page 26).

BRIDGES

4-09 The procedures presented in EM 1110-2-1601 (pp. 15-19) were used
to determine bridge losses. The design provides for 2 feet of debris
loading on each side of each pier.

FREEBOARD

4-10 Freeboard is provided to ensure that the desired degree of
protection will be provided and that levees will not fail for floodflows
exceeding the design discharge. Minimum freeboard allowances were
provided: 2 feet in reaches with rectangular cross sections and

2.5 feet in trapezoidal sections for concrete-lined channels; 2.5 feet
for riprap-lined channels, and 3 feet for levees.

WATER SURFACE SUPERELEVATION AT CURVES

h-11 The superelevation required at curves was determined by methods
outlined in EM 1110-2-1601. Since all superelevations were determined
to be less than 0.5 feet, the normal channel freeboard was determined to
be adequate.

BOUGHNESS COEFFICIENTS

4-12 Manning's roughness coefficients ("n" values) were used to
estimate friction losses in calculating water surface profiles. The
"n" values were verified by calculating the equivalent roughness

(k value). Determination of roughness coefficients for each reach are
discussed in the appropriate sections.

CONFLUENCE STRUCTURES

4-13 In confluence design, the wall height determination was based on
the worst of two flow conditions: (1) design discharge in the main
channel and the corresponding contemporaneous discharge in the side
channel and (2) design discharge in the side channel aa? the
corresponding contemporaneous discharge in the main channel.

RIPRAP LAYER THICERESS DETERMINATION

4.14 Riprap layer thicknesses are based on criteria set forth in
EM 1110-2-1601 and ETL 1110-2-120.
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Santa Ana Canyon Reach

EXISTING CONDITIONS

4-15 The Santa Ana Canyon Reach, which extends from the  Prado Dam
outlet channel drop structure at station 1607+50 to approximately

700 feet upstream from the Weir Canyon Road bridge at station 1207+30,
it has a length of approximately 7.4 miles and widths varying from

250 feet to over 2,000 feet. The channel is braided at a few locations
and follows a winding course through the canyon with an average riverbed
slope of 17 feet/mile. Most of the existing channel remains in natural
condition except a section of about 3,500 feet of improved low flow
channel around the southern edge of the Green River Golf Course. Th
improved low flow channel generally has a capacity of about 2,000 ft“/s
stabilized by growth of vegetation along the low flow channel banks. 1In
nigh flow events the low flow channel is subject to erosion due to
higher flow v