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1.0 INTRODUCTION

The Prado Basin feasibility study is a multi-purpose study that investigates opportunities
primarily for improved water conservation and ecosystem restoration. The study also addresses
opportunities to improve flood protection and recreation throughout the Basin and the Chino
Creek and Mill Creek/Cucamonga Creek watersheds. This geotechnical report is an assessment
of the existing study area conditions and the geotechnical considerations and constraints for the
proposed alternatives.

1.1  Project Location

The feasibility study area includes portions of the Cities of Corona, Chino, Eastvale, and Yorba
Linda at the borders of Riverside, San Bernardino, and Orange Counties, California. The Santa
Ana River drainage area above Prado Dam encompasses about 2,500 square miles. The study
area is approximately 50 square miles, and all storm water flows into Prado Dam. The Santa Ana
River is the main watercourse to the study area, along with tributaries including Chino Creek,
Mill Creek (known upstream as Cucamonga Creek), and Temescal Wash. The project area is
approximately 45 miles southeast of downtown Los Angeles and includes both the upstream and
downstream portions of Prado Dam and its auxiliary dike, as well as the impoundment area
behind the dam (the basin) and the river channel roughly 8.3 miles downstream of the dam
(Figure 1).
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1.2 Background

In its natural condition, the Santa Ana River carried sediment from its headwaters and various
tributary areas through the Santa Ana Canyon and Orange County to the coast where sediments
were deposited on the beaches or in the ocean. Prado Dam construction in 1941 by the U.S.
Army Corps of Engineers, Los Angeles District (referred to as the USACE herein) disrupted the
original natural sediment transport along the Santa Ana River Mainstem (SARM). Sediment-
laden storm flows from the upstream watershed are now detained by the dam, which results in
sediment deposition upstream of the dam.

Approximately 50,324 acre-feet (81,189,000 cubic yards) of sediment has deposited in Prado
Basin below elevation 563 feet NGVD since the Dam’s construction in 1941 through 2008
(Scheevel, 2018). This is an average sediment accumulate rate of more than one million cubic
yards per year.

Since most of the sediment borne by flows in the Santa Ana River and its tributaries settles out in
this basin, the flows released through the dam are relatively free of sediment, which tends to
disrupt the balance of sediment transport downstream of the dam. The natural rate of sediment
deposition downstream is thus reduced relative to the rate of scour along the creek bed, resulting
in an imbalance toward a severe scouring condition there. This is an ongoing problem over the
eight-mile long reach of the Lower Santa Ana River immediately downstream of Prado Dam
(identified by USACE and Orange County as Reach 9).

1.3 Project Alternatives Considered During Plan Formulation

The project is intended to create opportunities for water conservation and ecosystem restoration.
Specifically, the project is intended to address the following problems identified during the
study:

= Sediment accumulation behind Prado dam (lack of sediment transport downstream due to
the presence of the dam)

= Significant growth of non-native invasive plant and animal species

= Destabilization of the Santa Ana River Mainstem, Chino Creek, and Mill Creek due to
impaired hydraulic and hydrologic processes (i.e. incision and erosion)

= Degraded riparian and aquatic ecosystems

Multiple project alternatives covering various combinations of nineteen measures were
considered for this project. The suggested measures cover a variety of actions, some involving
physical site modifications with engineering implications (such as excavating sediments), and
others strictly ecological (such as feral pig management).

Twenty-five alternatives were considered during plan formulation, each consisting of various
combinations of individual project features. After cost analyses, three alternatives/plans (Best
Buy 9, 11, and 14, plus the No Action plan) were selected for further evaluation. Excluding the
No Action Plan, all of the plans included a water conservation component. Two of the plans
included a sediment trap. Sediment management is intended to address the available storage for
water conservation behind the dam, supply sediment to reduce erosion of the Santa Ana River
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channel downstream of the dam, and increase the efficiency of groundwater recharge operations
by the Orange County Water District (OCWD).

Proposed improvements to address the identified issues included structural issues such as
increased water conservation elevations and related dam operation changes, transportation of
sediment around the dam, addressing scour and deposition, and eradication of non-native plant
and animal species, as summarized in Table 1.

Table 1: Study Measures & Alternatives Summary (Scheevel, 2018)
No

. Plan9 Plan11l Plan14 Study Measures
Action
X NA -0 No Action
X WC -1 Water Conservation with Incidental Sediment Removal
X X WC-1 Water Conservation
X X X SU-2 Invasive Plant Management Upstream SAR
X X X SD-3 Invasive Plant Management Downstream SAR
X X X CC-1 Invasive Plant Management Chino Creek
X X X MC -1 Invasive Plant Management Mill Creek
X X X CcC-10 Native Plantings Chino Creek
X X X sSU-8 Native Plantings Upstream SAR
X X X MC -7 Native Plantings Mill Creek
X X X CC-2C  Chino Creek Channel Restoration
X X X CCMCSU Cowbird Trapping
X X SU-8 Non-Native Aquatics Management Upstream SAR
X X SU-1A Sediment Management
X X SD-2 Instream Habitat Features Downstream SAR
X X SU-3 Riparian Edge Management Upstream SAR
X SD-4 Non-Native Aquatics Management Downstream SAR
X SU-5 Instream Habitat Features Upstream SAR
X CCMCSU Feral Pig Management

SARM or SAR = Santa Ana River Mainstem
US or SU = Upstream of Prado Dam

DS or SD = Downstream of Prado Dam

CC = Chino Creek

MC = Mill Creek

WC = Water Conservation

1.4  Tentatively Selected Plan

The tentatively selected plan (TSP) is one of five alternatives (alternative 15), including the “no
action alternative,” that make up the final array of alternatives (including alternatives 13, 18 and
20) for this project. The TSP includes measures for managing sediment, storing water, creating
in-stream aquatic species habitat areas, mitigating invasive plant species, and managing wildlife
within the basin.

The biggest engineering aspect of the project would be sediment management. This would
include trapping sediments by means of a channel and basin, removing those sediments from the
basin to a storage and dewatering area, and finally re-entraining some sediments from the storage
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area and transporting them to the lower Santa Ana River by a pipe-slurry system around the dam.
Sediments would only be delivered to the river below the dam seasonally and only when the
hydrology is favorable (i.e. when there is sufficient outflow from Prado Dam to the river channel
to adequately transport the sediments downstream).

Water conservation measures will consist of an updated reservoir regulation plan to allow year-
round water storage up to elevation 505 feet above mean sea level (NGVD 1929). Wildlife
management will include culverts to facilitate safe animal migration across roads. In-stream
habitat creation will consist primarily of rock or gravel groins or mounds. Significant grading is
recommended in some areas for native species planting. See Figure 2 for the locations of the
main recommended engineering features. Other measures for invasive plant removal and wildlife
management measures will be strictly biological and will not have engineering aspects. Briefly,
the engineering aspects of the project include:

e A small sediment trap (Measure 15A) — a cut basin approximately 24 feet deep covering
approximately 60 acres with a volume of almost two million cubic yards (CY)

e An alternative medium sediment trap (Measure 20) — a cut basin approximately 24 feet
deep covering approximately 90 acres with a volume of about 3.2 million cubic yards
(CY)

e A transition channel (part of both Measure 15A and 20) — an unlined cut trapezoidal
channel of various widths and approximately 2 miles long parallel to the current natural
Santa Ana River channel and leading to the sediment trap

e An “entrainment groin,” (part of both Measure 15A and 20) — a rock structure
approximately 75 feet wide by 2400 feet long, at the upstream end of the transition
channel to act as a grade-control structure and to direct flow into the channel

e A grade control structure (part of both Measure 15A and 20) — a concrete and/or rock
structure at the downstream ends of the transition channel where it meets the sediment
trap

e A “pilot channel” (part of both Measure 15A and 20) — earth channel leading from the
upper Santa Ana river to the OCWD demonstration project

e A concrete flow control structure with “sluice gates” at the upstream end of the pilot
channel

e A sediment re-entrainment work area (part of both Measure 15A and 20) - covering about
6 acres east of the Prado Dam spillway, west of the Auxiliary Dike and north of the 91
freeway in the approximate location of borrow area for Prado Dam, Auxiliary Dike, and
Alcoa Dike

e Two sediment stockpile areas (part of both Measure 15A and 20) - Area A covering
roughly 70 acres between the Prado Dam spillway and the Auxiliary Dike, and Area B
covering roughly 100 acres northwest of the USACE Prado Office, also in the
approximate location of borrow area for Prado Dam, Auxiliary Dike, and Alcoa Dike

¢ A maintenance road (part of both Measure 15A and 20) - road approximately 6,300 feet
long for trucks to transport sediment from the trap to the stockpile and re-entrainment
work area

e A set of three slurry pipes (part of both Measure 15A and 20) — 12-inch diameter pipes
10,000 feet long to transport water-borne sediment from the stockpile and re-entrainment
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work areas between auxiliary dike and spillway to the river channel downstream of the
dam

e A bike trail “fly-over” bridge (part of both Measure 15A and 20) — an elevated bridge
through the sediment stockpile area with a clear span of about 50 feet, height of about 20
feet, and compacted fill approach ramps

e A grade control/diversion structure at Chino Creek (Measure 18) — concrete and/or rock
structure where Chino Creek enters the Prado Basin.

e Earth berms (part of Measure 18) — berms up to three feet high to direct flows in the area
of where Chino Creek enters the Prado Basin

e Culverts for wildlife passage (Measure 10) - two 48-inch reinforced concrete pipe (RCP)
culverts to facilitate wildlife passage, one under Pine Avenue and the other under Euclid
Avenue

e Grading for native plantings in three locations (Measures 2, 3, and 4) - more than 20,000
CY balanced cut/fill grading in each location

e Rock groins for in-stream aquatic species habitat (Measure 15b) — groins up to four feet
high by 30 feet long consisting of rip-rap, cobbles, or gravel, and situated at various
locations within the transition channel

e Rock groins for in-stream aquatic species habitat (Measure 15¢) — groins up to four feet
high by 30 feet long consisting of rip-rap, cobbles, or gravel, and situated at various
locations in the lower Santa Ana River below Prado Dam
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1.5 Geotechnical Scope of Work

This Geotechnical Study Report was authored by USACE, Los Angeles District, Engineering
Division, Geotechnical Branch. The scope of the geotechnical study included the following
tasks:

1. Reviewed referenced geotechnical reports and other available data pertaining to the
geotechnical conditions at the site and vicinity.

2. Helped prepare a request for exception to USACE policy to study water conservation at

Prado Dam (subsequently approved by Headquarters USACE).

Developed geotechnical input for the project risk register.

Helped develop a dam breach risk analysis.

Participated in several design workshops to develop alternatives and measures that would

address the project’s purpose.

Participated in a value engineering study.

Reviewed and commented on the Orange County Sediment Demonstration Project.

Attended and participated in project team meetings.

Prepared this report, documenting the proposed alternatives, site conditions, risks,

geotechnical and geologic constraints, and recommendations for Preconstruction

Engineering and Design (PED).

o s w

© oo N

1.6 Prado Dam, Dikes, and River Channel
1.6.1 Main Embankment, Outlet and Spillway

The Prado Dam main embankment is a multi-zoned earth fill structure that provides flood control
on the Santa Ana River. As initially constructed, it had a crest length of about 2,280 feet, a height
of about 106 feet above the original streambed, and a crest width of 30 feet. The outlet works
were originally located near the right abutment and consisted of a 195-foot long intake structure
and a 366-foot long rectangular concrete outlet channel. The maximum capacity of the outlet
works was 10,000 cubic feet per second (cfs). The original spillway is detached from the main
embankment and constructed through the bluff forming the east (left) abutment. The spillway
control section is a 12-foot high reinforced concrete ogee with a crest length of 1000 feet at
elevation 543 feet.

The following modifications have been made to the dam or are planned:

¢ Raise Prado Dam’s main embankment (completed in June 2008)

e Replace Prado Dam’s original outlet works with new outlet works capable of 30,000 cfs
flows (completed in June 2008)

e Raise Prado Dam’s spillway crest 20 feet to elevation 563 (currently planned for 2021)

e Construct channel improvements downstream of Prado Dam in Reach 9 (currently
ongoing)

11
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1.6.2 Interior Dikes Within Prado Basin

Raising the dam and the spillway crest (and associated maximum pool elevation of 566 feet) will
result in inundating much of the Prado Basin, including most of the proposed project features.
Dikes have been constructed to protect major development features around the perimeter of
Prado Basin, including the Corona Sewage Treatment Plant, Corona Housing Tract, California
Institution for Women, and the Yorba Slaughter Adobe Museum. Also, the Auxiliary
Embankment and California State Route 71 (SR-71) dikes were constructed to provide flood
protection for the development east of the spillway and at the SR-71, near the right (west)
abutment just upstream of the dam, respectively. Dikes are currently proposed at the Alcoa
Aluminum plant and at residential areas in southwestern Eastvale (known as River Road Dike).
All of these dikes/embankment are within and/or adjacent to the future Prado Basin (post
planned spillway raise).

1.6.3 Channel Improvement Downstream of Prado Dam

The portion of the Santa Ana River located immediately downstream of Prado Dam to Weir
Canyon Road (referred to as Reach 9) is included in the project study area. Several phases of
flood control improvement have been completed, three are currently underway, and at least three
more phases are planned. In general, the channel improvements within this reach consist of a
combination of different slope protection improvements such as soil cement, rip rap, grouted rip
rap, and anchored sheet piles. These improvements are constructed to withstand the maximum
conveyance of 30,000 cubic feet per minute (CFM) based on the new outlet works.

1.7 Available Information

Available information pertinent to the proposed project includes feasibility and water
conservation studies by USACE and by other entities. With regard to geologic and geotechnical
information, USACE has conducted geotechnical investigations for Prado Dam and its associated
features, the channel downstream of the dam, dikes within the basin, and other features around
Prado Basin. Available information by other entities includes basin-wide studies of groundwater
and hydrogeology, geotechnical investigations for pipelines and other utilities within the basin,
and a geotechnical investigation conducted specifically for OCWD’s sediment demonstration
project. The available information is described in the following sections of this report.

1.7.1 Prado Dam Reports by USACE

The following reports address the dam and recent improvements to the embankment and outlet
works.

e U.S. Engineer Office, Los Angeles California, Definite Project Report for Prado
Retarding Basin, December 21, 1936

e U.S. Engineer Office, Los Angeles California, Basis for Design, Santa Ana River
Improvement, April, 1938

e U.S. Army Corps of Engineers, South Pacific District, Prado Dam Foundation Analysis,
July 1976

12
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e U.S. Army Corps of Engineers, South Pacific District, Santa Ana River — Design
Memorandum for Major Rehabilitation VVolumes 1 and 2, Prado Dam, July 1985

e U.S. Army Corps of Engineers, South Pacific District, Santa Ana River — Design
Memorandum for Major Rehabilitation VVolume 2, Prado Dam, July 1985

e U.S. Army Corps of Engineers, South Pacific District, Santa Ana River — Phase 11
General Design Memorandum, Prado Dam, August 1988

1.7.2 USACE Reports for Water Conservation in Prado Basin or Vicinity

The following USACE reports address Prado Basin water conservation.

e U.S. Army Corps of Engineers, South Pacific District, Prado Dam Water Conservation
Study, January 1987

e U.S. Army Corps of Engineers, South Pacific District, Prado Dam Water Conservation
Study, Geotechnical Appendix for AFB Documentation, August 1999

e U.S. Army Corps of Engineers, South Pacific District, Prado Basin Water Conservation
Feasibility Study, Main Report and Draft Environmental Impact Statement/
Environmental Impact Report, July 2004

1.7.3 Scheevel Engineering 2017a and 2017b

These reports summarize the features included in the array of project alternatives, including the
TSP, and provides earthwork volumes and other engineering quantities associated with the plan.

1.7.4 RBF Technical Memorandum 2014

This report outlined five alternatives to collect and transport the sediments from the basin to the
Santa Ana River downstream of the dam. All of the alternatives in the RBF report have a
sediment capture area proposed along the alignment of the Santa Ana River and just downstream
of River Road Bridge with a combination of different methods to excavate and transport the
material downstream. After undergoing a weighted selection process, RBF concluded that the
preferred alternative for further consideration was one which included a sediment capture system
and a slurry pipeline carrying the sediment downstream to sediment storage facilities located just
east of the Prado Dam spillway.

1.75 HDR Report 2014
This report by HDR Inc. addresses the OCWD Prado Basin Sediment Management
Demonstration Project and includes a detailed geotechnical appendix (Appendix C, prepared by

Golder Associates, Inc., November 2010) described later in this report.

1.7.6 USACE Prado Dam Water Conservation Study (1987)
This report presented the technical feasibility of having a proposed permanent water

conservation pool at Elevation 514 feet behind Prado Dam. The report included geotechnical
assessment of water storage at various pool elevations under three scenarios: 1) under seepage

13
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through the dam foundation, 2) stability of the abutments, and 3) static and dynamic stability of
the embankment.

It was concluded that the abutment stability should not be significantly affected by the proposed
water conservation pool elevation. The assessment of the proposed water conservation
alternatives for Prado Dam concluded that there were no serious deficiencies which would
preclude implementation of the alternatives that were presented. Therefore, no remedial
treatment of the embankment or foundation was recommended.

1.7.7 USACE Prado Dam Water Conservation Study (1999)

This report presents the technical feasibility of a proposed permanent water conservation pool at
Elevation 508 feet behind Prado Dam. The report addressed the liquefaction potential of the
embankment and foundation material under seismic motions and included a two dimensional
finite element analysis. Based on the ground motions expected at the dam during a maximum
credible event (MCE) or operational basis event (OBE), shallow saturated zones in the
foundation under the upstream pervious zone and in the vicinity of the upstream toe were
potentially liquefiable.

The post-earthquake stability of the embankment slopes was evaluated and earthquake-induced
permanent deformation analyses were conducted. The estimated deformation for the upstream
slope for the MCE and OBE events was approximately 5 feet and less than 1 foot, respectively.
Based on the proposed water conservation pool of Elevation 508 feet and a crest elevation of
594.4 feet, an initial freeboard of 86 feet would make this deformation tolerable.

1.7.8 USACE Prado Dam Water Conservation Feasibility Study (2004)
This report updated the hydrology and other data, and presented five reformulated alternatives

with increasing flood pool elevations and increasing maximum discharges. The report included
no geotechnical evaluation or geology data.
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2.0 GEOTECHNICAL FIELD AND LABORATORY STUDIES
2.1 General

Field and laboratory study programs were performed for the USACE Lower Santa Ana River and
Prado Dam improvement projects. There is a large amount of data regarding the subsurface
conditions within the vicinity of Prado Dam.

2.2 USACE Investigations

Geotechnical field and laboratory investigations by USACE for the dam embankment, spillway,
outlet works, and borrow area (the proposed stockpiling area for the sediment trap area) are
summarized in Table 2.

Table 2: USACE geotechnical investigations at Prado Dam prior to 1988

Date Conducted Purpose of the Investigation
Late 1930s Design of Prado Dam

1971 Possible Spillway Modification
1972, 1974, and 1975 Seismic Evaluation

1980 Local faulting investigation
1982, 1983, and 1987 Outlet Works Relocation

Geotechnical field and laboratory investigations by USACE for other features in the vicinity of
Prado Basin are summarized in Table 3.

Table 3: Other USACE geotechnical investigations in the vicinity of Prado Basin

Date Conducted Purpose of the Investigation

1954 Chino Creek Channel

1973 Cucamonga Creek (Mill Creek) Channel
1993 State Route 71 Dike

2007 Corona Sewage Treatment Plant Dike
1994 Corona Housing Tract Dike

2011 Yorba Slaughter Adobe Museum Dike
2014 Women’s Prison Dike

Geotechnical field and laboratory investigations by USACE for the lower Santa Ana River
channel downstream of Prado Dam are summarized in Table 4.

Table 4: USACE geotechnical investigations in the Lower Santa Ana River Reach 9

Date Conducted Purpose of the Investigation
2011 Reach 9 Phase 2

2011 Reach 9 Phase 3

2015 Reach 9 Phase 4

2013-2014 Reach 9 Phase 5A
2014-2015 Reach 9 Phase 5B

2011-2012 BNSF Bridge
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These investigations included a combination of test holes/borings and test trenches to map the
various geologic formations, to determine the nature and extent of the soil and bedrock materials,
and evaluate the character of local faults. The following reports include geotechnical information
from reports other than USACE studies.

2.3 Golder Associates, Inc. 2010

As part of the OCWD Prado Basin Sediment Management Demonstration Project, Golder
Associates Inc. conducted a field exploration program in March and May of 2010 consisting of
three mechanically drilled boreholes and two hand auger boreholes within the Prado Basin to
depths of 15 to 30 feet. This report provides the geologic and geotechnical basis for the HDR
2014 report on the OCWD’s Demonstration Project. It also includes logs of four borings drilled
within the Basin by Ninyo and Moore in 2009. Sample testing from the field exploration showed
the predominant material within the drilled depth range is sandy-silt material with sand interbeds.
The material is medium plasticity with the plasticity index ranging from 16 to 27.

2.4  Ninyo and Moore 2009

This report by Ninyo and Moore was prepared for the Santa Ana Watershed Project Authority
(SAWPA) as part of a project to repair the Santa Ana Regional Interceptor (SARI) wastewater
line that traverses Prado Basin.

25  AMEC-Geomatrix Seismic Hazard Report 2009

This report provides detailed seismic ground motion data for both Prado Dam and the Women’s
Prison Dike which is north of Prado Basin. Therefore, its findings are applicable to most of the
study area.

2.6 Wildermuth 2005

This report, prepared for the Chino Basin Watermaster, contains extensive geology,
hydrogeology, and groundwater data for the Prado Basin including water well locations and well
boring logs.

2.7  SAWPA 1977
This internal document is a collection of data relating to eleven test wells drilled and installed

within Prado Basin in March 1977, and includes drillers’ logs and water sampling and testing
data.
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3.0 SITE CONDITIONS
3.1  Surface Conditions and Topography

The Prado Basin Feasibility Study area is situated in the southwesterly corner of the broad
alluvial-filled Chino Basin and is bounded by the Puente Hills and the foothills of the Santa Ana
Mountains to the west and south, respectively. The topography of the Prado Basin is
characterized by relatively broad and gently sloping terrain formed by the coalescence of alluvial
fans that emanate from the San Gabriel Mountains to the north and the relatively broad
floodplain of the Santa Ana River from the northeast. Within the immediate area behind the dam,
the terrain is dominated by Holocene sediment deposits associated with the active flood plain of
the Santa Ana River. This deposition process is on-going. The very young and relatively flat
alluvial sediments have buried much of the older alluvial sediment and bedrock beneath the
Prado Basin. The few exposures of bedrock within or on the periphery of the basin include
Miocene marine sediments of the Puente formation at both dam abutments, the spillway and the
west side of the Prado Dam, further south downstream of the dam along the Santa Ana River,
and a small hill of Mesozoic Granite at the U.S. Naval Weapons Station and the Norco Hills just
southeast of the reservoir. The older sediment within the basin exists as terrace and fan deposits
that are positioned at slightly higher elevations to the north of the Santa Ana River. Remnants of
these terraces and fan deposits can be seen exposed around the perimeter of the reservoir area,
near the center of the reservoir, and in an extensive area adjacent to the spillway.

The very young and relatively flat lying sediment generally consists of silts and sands in the
proximate area of the proposed sediment trap. The Prado Basin Study area is fed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>