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Chapter 1
Introduction

1.1 Phase 1 Report Findings

The U.S. Fish and Wildlife Service (USFWS) issued a Biological Opinion (BO) in December 2002 for
Seven Oaks Dam (SOD) calling for intermittent high-flow release events from SOD. The BO
anticipated that water releases would be made to maintain and enhance habitat for listed species
under a finalized Santa Ana River Woolly Star Preserve Area (WSPA) Multi-species Habitat
Management Plan (MSHMP), as outlined in the Biological Assessment (BA) for the Seven Oaks Dam
Project (USACE 2000a). Among the species listed are the slender-horned spineflower (spineflower),
San Bernardino kangaroo rat (SBKR), and Santa Ana River woolly star (woolly star).

The 2002 BO issued by USFWS addressed conservation measures and management
recommendations associated with the species of interest (spineflower, SBKR, woolly star). One
conservation recommendation specified in the BO was acquisition of floodplain habitat along the
upper Santa Ana River (SAR) and below SOD for species conservation purposes. To this end,
approximately 760 acres of land were purchased and used to form the WSPA. The 2002 BO called
for additional conservation measures to sustain the species of interest within the WSPA. A multi-
species adaptive management plan was prepared to guide management of the preserve area,
resulting in the MSHMP. This document was intended to guide management of WSPA lands to
sustain the three species of interest. Management recommendations issued in prior documents were
incorporated or referenced in the MSHMP.

The primary objective of the high-flow release conservation measures outlined in both the BA and
the MSHMP is to compensate for potential negative changes in floodplain characteristics and listed
species’ habitat brought about by construction and operation of SOD. The BA and MSHMP describe
these releases, coupled with diversion dikes, as being intended to create directed overbank flows for
the benefit of listed species. There is a perception and concern that several of the measures
identified in the 2002 BO have neither been implemented, nor may not have the ability to create the
intended mitigation result if implemented as proposed in the MSHMP. Therefore, to better
understand the issues of concern, in March 2019 ICF completed a report High-Flow Study of Seven
Oaks Dam: Phase 1 Final Report (hereafter referred to as the Phase 1 Report). This Phase 1 Report
analyzed the potential of those measures to achieve the desired biological mitigation result
described in the 2002 BO and 2012 MSHMP both within the WSPA and in other areas of the SAR
watershed outside of the WSPA.

The Phase 1 Report demonstrated there is additional capacity within the current SOD Water Control
Manual (WCM) guidelines (USACE 2003) to create or contribute to high-flow events up to
approximately 5,000 cfs within the study area, but no flow releases for the purpose of habitat
renewal appear to have taken place in the two decades since start of operations at SOD. Flow
contributions from SOD are likely to be limited to 5,000 cfs or less, in spite of the dam’s rated gate
outflow capacity of 7,000 cfs. The most important limit on releasing flows that would contribute to
ecologically meaningful flow events from SOD is the WCM limit to 50 cfs during rising conditions,
which effectively prevents timing releases with high-flow contributions from tributaries. Mill Creek
will continue to contribute substantial flood flows to the SAR. However, SOD has not been making
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high-flow releases that could additively contribute to Mill Creek flows in a manner predicted in the
Technical Report for the BA (USACE 2000b). Releases have not been synchronized with Mill Creek
peak flows to date during the operation of SOD.

The Phase 1 Report included analysis of the extent of overbanking flows in the study area?! from
releases from SOD under the WCM and in combination with high flows from tributaries (i.e., Mill,
City, and Plunge creeks). Overbanking is used herein as a general term to describe flooding outside
of the active channel, which includes inactive channel braids, high bars, floodplains, historic
channels, or onto the terrace. The Phase 1 Report demonstrated the modeled inundation limits
without additional enhancement measures (e.g., breaching of berms, bank lowering, construction of
flow obstructions) are restricted to the main channel, and no overbank flows into areas of
substantial size outside of the Santa Ana River active channel? are predicted to produce flood
disturbance on a scale large enough to alter successional trends within the study area and therefore
satisfy the requirements of the BA/BO and MSHMP. Modeled flooding of the study area would
disturb pioneer and intermediate seral stages almost exclusively. Mature and mature/NNG surfaces
are the most beneficial areas for introducing disturbance intended to return the surface to earlier
seral stages. This is because existing habitat within these surfaces is less optimal for the species of
interest, and species observations within these areas are low or absent. Without human
manipulation of the land surface, mature and mature/NNG surfaces cannot be flooded.

1.2 Phase 2 Study Objectives

This Phase 2 Report addresses several study questions not addressed in the Phase 1 Report. A focus
of the Phase 2 report is identification of practical measures that could be implemented to renew
habitat for the listed species within the major constraints identified in the Phase 1 Report.

This Phase 2 Report has four key study objectives:

1. Definition of what constitutes “fluvial disturbance” in terms of its importance for creating
physical processes needed for listed species habitat renewal;

2. Development and evaluation of structural enhancement measures that could be implemented to
create fluvial disturbance under a wide range of flow scenarios;

3. Evaluation of non-fluvial disturbance techniques for habitat renewal. Treatments could include
mechanical clearing of vegetation, deposition of clean sand, controlled flooding, and weed
abatement; and

4. Evaluation of treatment trade-offs and prioritize the species of interest. The evaluation used the
local scale SBKR habitat model developed by the San Diego Zoo, as well as occurrences and
known habitat suitability features for spineflower and woolly star. Non-fluvial disturbance
manipulations proposed in the MSHMP are evaluated for their potential ease of implementation
and beneficial effects.

! The study area covered by the Phase 1 High-Flow Study includes those areas considered in the SOD BA (USACE
2000a), BO (USFWS 2002), the WSPA and adjacent properties, and the SAR corridor from SOD to the San
Bernardino Airport

2 The active channel is defined for this study as areas of the channel that are flooded frequently enough to scour
sediment and limit or prevent establishment of vegetation.
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1.3 Science Advisory Committee

The science advisory committee for this study is composed of science experts from Stillwater
Science, Blue Octal Solutions, and the San Diego Zoo. Representing Stillwater Science were Christian
Braudrick, Bruce Orr, and Wendy Katagi. Representing Blue Octal Solutions were Mike Lamb and J.
Toby Minear. Representing the San Diego Zoo were Debra Shier and Thea Wang.

The High-Flow Study investigators responsible for preparing this report were composed of the ICF
technical team, including Manna Warburton, Brendan Belby, Greg Nichols, and Scott Fleury.

The litigants in the lawsuit against the U.S. Army Corps of Engineers (USACE) regarding failure to
assess harm to federally protected species from the operations of SOD were observers to the science
advisory committee meetings and webinars. The litigants include Endangered Habitats League
(EHL), Center for Biological Diversity (CBD), San Bernardino Valley Municipal Water District
(SBVMWD), and San Bernardino Valley Water Conservation District (SBVWCD). Representing EHL
were Dan Silver, Gerald Braden, and Chris Campbell. Representing CBD were Ileene Anderson and
Tiffany Yap. Representing SBVMWD was Heather Dyer, and representing SBVWCD was Jeff Beehler.
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Chapter 2
Conditions of Fluvial Disturbance

The Phase 1 Report focused on the areal extent of overbank flooding of areas outside of the active
SAR channel. The Phase 1 Report did not focus on the extent to which overbanking would provide
the types of fluvial disturbance necessary to create and maintain habitat for the listed species.
Simply creating overbanking flows that inundate areas outside of the active channel itself is not
necessarily sufficient for either desired scour and removal of dense vegetation or deposition of fresh
sand deposits. Defining the physical processes required of overbank flows to create necessary fluvial
disturbance in the form of vegetation removal or burial and sediment sorting is a key focus of this
Phase 2 study.

The study’s science advisory team (Stillwater Sciences and Blue Octal Solutions, LLC) conducted
new studies for the Phase 2 study that aided in defining the conditions of fluvial disturbance as they
relate to renewal of habitat conditions of the listed species. The findings of these studies were
incorporated by ICF into the new analysis performed for Phase 2. The science advisory studies are
also presented in their entirety in Appendix 1 and 2.

Stillwater Sciences (2019) examined aerial imagery spanning the period from 1970-2016 and
quantified: 1) the degree to which SAR lateral erosion into older sediment deposition surfaces
occurs; and 2) extent of vegetation scour under the current flow regime.

Blue Octal Solutions (2019) conducted new fieldwork to assess channel substrate sizes in the study
area and patterns of erosion and deposition related to February 2019 flooding. The fieldwork
results were incorporated into analysis to determine requirements for uprooting of channel
vegetation and deposition of fresh sand deposits.

As reported by Stillwater Sciences (2019) in their study Seven Oaks Dam Scour Analysis (Appendix
1).

“Braided rivers in arid environments, such as the Santa Ana, have a vegetation and erosion cycle tied
to floods. During high flows, much of the vegetation in the active channel corridor is uprooted or
buried by sediment deposition. The uprooting occurs through sediment erosion around the roots or
direct uprooting ... but both result in vegetation mortality and creation of fresh surfaces. For
convenience, we refer to these surfaces as scoured, but they could potentially be depositional
surfaces. Subsequently, during years with smaller floods, vegetation becomes re-established within
at least part of the scour zone, with vegetation density increasing gradually through time until it is
uprooted during the next large flood. This pattern has implications for pioneer species such as SBKR,
spineflower, and woolly-star which thrive in relatively fresh sandy deposits following large floods. In
particular, SBKR prefers habitats ranging from recent sand deposits without grasses and sparse
shrubbery. To create and maintain SBKR habitat therefore requires periodically creating new sand
deposits through scour and/or burial of vegetation more frequently than dense vegetation
(particularly grasses) can become established in these deposits, but not so frequently that SBKR
populations cannot maintain their population. Prior to human modification of the basin, large floods
every 30 years or so likely created new surfaces for the SBKR to establish on that were unlikely to be
inundated during the next 30 years.” (page 1 in Stillwater Sciences 2019).

A similar conclusion about the concern of too frequent flooding within the active channel belt was
reached by Blue Octal (2019) in their study Thresholds for vegetation removal and sediment
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transport: Literature review, field measurements and analysis to improve San Bernardino Kangaroo
Rat habitat in the upper Santa Ana River, California (Appendix 2).

“The current flood regime appears to be capable of creating the desired disturbances (vegetation
removal, bar migration, sand deposition) in the active channel belt that are favorable for SBKR
habitat. However, a major problem is that the active channel-belt is flooded too often to develop
favorable habitat, whereas the neighboring terrain is not flooded often enough. One solution that
would not require a contribution from Seven Oaks Dam would be to divert the entire river away from
the currently active channel belt. This would allow the then-abandoned channel-belt to be colonized
by SBKR. At the same time, the new flood pathway would likely scour vegetation, migrate bars and
deposit sand. In 30 years the flood routing could be shifted again, allowing colonization again of the
once active channel belt.” (page 14 in Blue Octal 2019).

The altered flood regime and construction of levees that laterally confine sections of the channel
contribute to limit the active channel belt to a relatively narrow zone compared to the pre-alteration
condition. When flood events do happen, they tend to inundate the same portions of the channel belt
as opposed to outbreaks into much more widespread flood areas, such as the 1969 Channel.

Both Stillwater Sciences (2019), and Blue Octal (2019) report that uprooting SAR vegetation and
causing scour and fill processes that will sort sediment to create suitable habitat is a key fluvial
disturbance overbanking should attempt to provide. Vegetation removal by means of flowing water
with high enough levels of drag force to overcome plant root resistance is difficult, and that instead
uprooting is most likely achieved through undermining and burying plants through bar migration
(Blue Octal 2019). Flood events must create shear stresses high enough to cause bar migration that
will remove or bury vegetation. The conditions of fluvial disturbance include shear stress thresholds
for migration of sand and cobble bars important for creating fluvial disturbance and removing
vegetation (Blue Octal 2019). ICF used the reported values provided by Blue Octal (2019) to bin the
calculated shear stress output into one of six different classes (Table 2-1). Migration of sand bars
was split into low and high end categories. Migration of cobble bars was split into three categories -
alow end, high end, and maximum end. A breakpoint was added at 125 pascals (Pa), or 2.61 pounds
per square foot (Ib/ft?) in English units, since 125 Pa was identified by Blue Octal (2019) as an ideal
condition for migration of both sand and cobble bars.

1 Key Findings for the Conditions of Fluvial
Disturbance

e Uprooting or burial of SAR vegetation through fluvial scour or sediment deposition is a key
component of fluvial disturbance;

e Migration of sand and gravel bars at defined shear stress thresholds is the most likely way to
remove or bury vegetation and deposit fresh sand needed for species colonization; and

Desired fluvial disturbances such as sand deposition, bar migration, and vegetation removal are
occurring in the active channel belt under the current flood regime, but the active channel belt is too
active. Fluvial disturbance within the active channel belt occurs too frequently for successful
colonization by SBKR. Blue Octal (2019) and Stillwater Sciences (2019) suggest that after the
desired fluvial disturbance processes occur within a portion of the active channel belt, the recently
disturbed area be isolated and protected for a period of approximately 30 years before disturbing
again.
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Chapter 3
Development of Enhancement Measures to Create
Fluvial Disturbance

Stillwater Sciences (2019) examined: 1) the degree to which lateral erosion into older surfaces
occurs; and 2) the extent of vegetation scour under the current high flow regime. A key finding of
Stillwater’s study is that SAR bank erosion since 1969 along the study reach is rare and that creation
of new habitat by lateral migration and channel widening is unlikely to occur. Due to the coarseness
of the boulder banks, structural measures designed to promote increased bank erosion would have
to be very large to divert a sufficient volume of water into the banks to cause erosion (Stillwater
Sciences 2019). The coarseness of the poorly sorted and matrix supported bank sediment is also
described by Blue Octal (2019) as coarser grained than the channel bed and likely composed of
debris flow deposits. The older debris flow deposits could be the main source of cobbles and
boulders to the existing channel (Blue Octal 2019).

Three enhancement measures were developed for the Phase 2 study (see locations in Figure 3-1).
The locations of the enhancement measures were determined through engagement with the project
stakeholders and a site visit on February 25, 2019. The objective of each enhancement measure is to
direct Santa Ana River flow into terrain that is currently infrequently flooded to create new areas of
fluvial disturbance with the aim of returning the terrain to earlier seral stages. All three
enhancement measures are located downstream of the confluence with Mill Creek to take advantage
of Mill Creek flood water and sediment supply in creating fluvial disturbance. The enhancement
measures would function by diverting water into existing but inactive channel braids, floodplain
areas, or the historic 1969 Channel. The enhancement measures do not attempt to create habitat
through appreciable bank erosion and an increase in lateral migration since the likelihood of success
with this approach is low (Stillwater Sciences 2019).

The Phase 1 Report concluded that flooding of mature surfaces would likely result in impacts on
populations of the species of interest through incidental flooding of surrounding lower-elevation
habitats, particularly in downstream reaches. This has broad implications for any future proposals
to flood portions of the study area for purposes of habitat renewal because of the likelihood of short-
term impacts on populations of the species of interest associated with flood disturbance (however,
note that short-term impacts are expected to be offset by long-term benefits to these species).

The enhancement measures are preliminary designs. As described in the modeling section in
Chapter 4, existing conditions were initially modeled to understand flow paths and flow conveyance
distributions amongst the numerous channel braids. Then iterations were performed to evaluate
different configurations and dimensions of the structures to test performance, including ability to
divert and block flow and the flood magnitude at which the they would be overtopped. The
dimensions and quantities reported for the measures are approximate and subject to change if more
advanced design work is performed. All of the enhancement measures incorporate rock to create a
hardened feature on the landscape that would create a flow obstruction to force flow into areas it
would not flow into otherwise. The gradation of the sediment sizes used to form the measures has
not yet been determined. For this analysis it is assumed that the measures are static features that
remain immobile during flood events. Large boulders would most likely be needed to create the
framework stability of the measures.
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All three enhancement measures could be constructed at the same time or only one or two at a time.
The effect of one enhancement measure could affect the performance of one or more enhancement
measures downstream - primarily through alteration of flow paths and changing the amount of flow
available at the downstream measure(s). The tradeoffs and suggested prioritization of the
enhancement measures are discussed in Chapter 5.

3.1 Enhancement Measure 1 — Reactivate 1969
Channel

The Phase 1 Report identified the 1969 breakout area channel as the most likely area to produce
overbank flows outside the main channel of the SAR using enhancement measures. This channel is
identified as “The 1969 Channel” because the major January 25, 1969 flood is the last time Santa Ana
River flood water actively flowed in this channel. The channel existed prior to 1969, as seen in the
historic imagery presented in the Phase 1 Report. A map comparing the 1969 Channel with imagery
from 1970 and 2015 is presented in Figure 3-2. In the 1970 image, the 1969 Channel extended in a
northwest alignment all the way to Plunge Creek. The alignment of the upper portion of the 1969
Channel nearest the SAR is still intact and visible in the 2015 image. However, since 1970,
SBVWCD’s Basin 18 was constructed and the 1969 Channel now terminate