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ABSTRACT

Over the past few decades, steelh&xat¢rhynchus mykiss) populations in southern
California have declined to roughly one percentheir historical numbers, and the
southern steelhead is now listed as an endangpeetes. Santa Anita Creek was
identified as having the greatest potential foeltead restoration on the privately-
owned Hollister Ranch, located in Santa BarbaranBgCalifornia. However, a 4.5
meter high dam and seven culverts block accegsawering habitat and have been
identified as potential threats to steelhead upstreigration. To provide the
Hollister Ranch Owner’s Association and the HolisRanch Conservancy with
steelhead passage restoration options we 1) amillyeeeasibility and consequences
of a number of techniques for removing the damitnsnpounded sediment, 2)
assessed each culvert’'s impact to fish passageeanchmended options for redesign,
and 3) evaluated the current quality and quanfigpawning and rearing habitat in
the creek. We predict that by removing the damsaxdulverts Santa Anita Creek
would provide 3.2 km of suitable steelhead spawhiaigitat. We define four dam
removal and sediment management options, eachawitissociated level of risk and
cost, for Hollister Ranch to weigh for their stesdid restoration endeavors.



EXECUTIVE SUMMARY

BACKGROUND AND SIGNIFICANCE

The recovery of viable populations of steelheadcprhynchus mykiss) in southern
California and elsewhere in the western UnitedeStat currently a high priority for
local, tribal, state, and federal interests (NME®)7b). The southern California
steelhead was once abundant in coastal streanmsvargl Over the past few
decades, southern steelhead populations have e@t¢brroughly one percent of their
historical numbers, and as a result, the southatifiothia steelhead Distinct
Population Segment (DPS) has been listed as enadahgeder the Endangered
Species Act (ESA) (NMFS, 2007a). Obstacles thaeide upstream migration to
spawning habitat pose the most significant threateelhead populations within
Santa Barbara County (Stoecker & the Conceptiorstdemject, 2002).

The Hollister Ranch Owners’ Association (HROA) arsdsubcommittee, the
Hollister Ranch Conservancy (HRC), have designsteelhead restoration as one of
their top priorities. The Ranch is located on @aviota Coast 40 kilometers west of
Santa Barbara. Santa Anita Creek, an 8.4 km loegke has the highest potential for
steelhead recovery within Hollister Ranch (Stoe&éne Conception Coast Project,
2002). However, a 4.5 m high dam and seven c@\ete been identified as
potential impediments to the upstream migratiosteélhead. The restoration of fish
passage to Santa Anita will require not only theaeal of the dam and re-
engineering of the culverts, but also the managewfesmlarge volume of sediment
impounded behind the dam. Various options existdmoving these barriers and
impounded sediment and improving habitat along &anita Creek.

PURPOSE AND RESEARCH QUESTIONS

The purpose of this project was to provide oumtlithe HROA, with an evaluation
of potential steelhead passage restoration opéindsan assessment of the current
habitat quality in Santa Anita Creek. Specificallie answered the following
research questions:

1) What is the feasibility of removing barriers toedteead migration in Cafiada
de Santa Anita?

2) If the barriers are removed, what is the quantiy quality of steelhead
habitat that will become available?

APPROACH
To answer the above research questions, we todkltbesing approach:

1) Using surveying and sampling techniques, we charaeid the sediment
impounded behind the dam to estimate its volumegaaih size composition.
With this information, we calculated the potentate and transport of
released sediment and assessed its potential isnpadtabitat and



infrastructure downstream of the dam. These rgsmltcombination with a
review of relevant literature, allowed us to deyelour dam removal and
sediment management options for the HROA.

2) After characterizing the seven engineered barakmg Santa Anita Creek,
we assessed the impact each barrier had on theeapsimigration of
steelhead using California Department of Fish aath&fish passage
protocol. The fish passage modeling software, Xirslp, was used to analyze
the extent to which stream crossings blocked uastmigration. Barrier
removal was then prioritized based on geograpluation. Analysis of
technical literature on barrier removal informedgestions for retrofitting
each barrier.

3) Field surveys were conducted to assess the cuquatity of habitat
characteristics necessary to support steelheddgding water temperature,
canopy cover, and the quantity and quality of paold spawning gravel.
From these measurements, the quantity and quél#ieelhead habitat found
within Santa Anita Creek was determined. In additpredictions were made
regarding the amount of spawning and rearing hiathiga would become
available if the dam and impounded sediment warewed and the stream
channel was restored to pre-dam gradients.

Field work was limited to only two reaches of chelnwhere we were granted
access by Hollister Ranch landowners. When nepgsserapolations were
made to include the inaccessible areas of Santa Ameek.

DAM REMOVAL AND SEDIMENT MANAGEMENT

Results of the dam and impounded sediment sunlewed us to estimate that the
impounded sediment volume is approximately 10088Qconsisting of 62% silt and
clays, 35% sands and 3% gravels.

Sediment transport calculations revealed thataiit clays would be transported to
the estuary upon dam removal by average wet sestisgam flows. Once at the
estuary, this fine sediment would be deposited artombination of conditions
including sufficient flows, low tide and a breachsahd bar allowed it to flow to the
ocean. Under commonly occurring flow conditions tamaining sediment, coarse
sands, gravels, and cobbles, would deposit betiteedam and the railroad crossing.
Sorting of these materials would occur as cobhiesgravels deposited closer to the
dam and the sands deposited closer to the raitnmssing.

Overall, release of sediment from behind the daexpected to have short term (5 to
10 years) impacts on the steelhead corridor haloitetd in Santa Anita Creek. A
potential benefit of sediment release would benareiased spawning gravel supply to
downstream reaches of the creek. This supply ees keduced by the low stream
gradients found immediately behind that dam whathise stream velocities to slow
and larger sediment particles, including graveldyé¢ impounded. Of primary
concern is the deposition of sands between theaailcrossing and the dam, which



could reduce the culverts’ conveyance capacity. pvéelict the accumulation of up
to 16,000 m of sand and gravel in the vicinity of the railrozmdssing as a result of
Santa Anita Creek’s most frequent stream flow cohmals (one year recurrence
interval). Even during less frequently occurritiggam flow conditions (ten year
recurrence interval), coarser sand and gravel dgmosvill threaten the conveyance
capacity of downstream culverts.

Once sediment transport patterns of the creek wederstood, we were able to
identify four dam removal and sediment managemptivis for the HROA. These
options and their associated levels of risk and aaslisted below.

1) Complete dam removal with natural sediment trartsptgh risk, low cost

2) Complete dam removal with partial sediment excavasind bank
stabilization:Moderate risk, moderate cost

3) Complete dam removal with complete sediment exaavatow risk, high
cost

4) Incremental dam removal with natural sediment artsModerate risk, high
cost over an extended period of time

Cost estimates for the dam and sediment removairgptange from one to
three million dollars.

BARRIER ANALYSIS

Each of the seven culverts found in Santa Anitaekieere identified and assigned a
number one through seven, with lowest number reééng the culvert with closest
proximity to the ocean. Stream Crossing One wagebed to provide passage for all
steelhead age classes at all times. Stream Cgss2ifi are essentially impassable.
Stream Crossing Seven was expected to have 28ndlQ days of passable flow for
adult steelhead during the wettest, average aegdtdrears on record, respectively.
Stream Crossing Seven was not predicted to belpadsa younger steelhead age
classes.

The amount of habitat contributed by the removataxth barrier was the main driver
for prioritizing stream crossing redesign. BasadCalifornia Department of Fish
and Game (DFG) protocol, we recommended redesi@trem Crossing Two to a
natural-bottom arch culvert. We recommended repdpStream Crossings Four,
Five, and Six with pre-cast bridges and improving&mn Crossing Seven by
replacing the barrier with a larger culvert embetidéth natural substrate.

HABITAT ASSESSMENT

Results of our assessment of the estuary’s capacrgar steelhead demonstrate the
occurrence of high water temperatures that creattengally lethal conditions during
summer months. In addition, dissolved oxygen kedebpped below lethal limits for
steelhead and 0% canopy cover was observed neastilry mouth. However,
temperature and dissolved oxygen can vary withtioeatime of day, and water



depth. The extent of our analyses may not acdyrdépict the degree of
environmental variability within the estuary. Tafare, a more detailed biological
analysis of the estuary is needed to determirevtd of suitability for steelhead
rearing in the summer. While our initial analysigdhe estuary suggests poor quality
summer rearing habitat, it does not discount SAnte Creek’s utility as a source of
habitat for southern steelhead.

The reach of Santa Anita from the railroad crossmthe dam was assessed to be a
supportive environment for the upstream migratibasteelhead. On the other hand,
the reach flowing through the impounded sedimesttjpstream of the dam was
determined to be of lesser quality due to a lackamiopy cover and a lack of complex
instream habitat. However, we predict that by remgpthe dam and allowing the
channel to return to its natural gradient, 0.8 Krawrent migration corridor would

be transformed into suitable spawning and rearatgtét.

The reach of Santa Anita Creek upstream of the unged sediment was evaluated
to be suitable spawning and rearing habitat. Wateperatures remained below
stressful ranges for steelhead and canopy covederase. Two out of nine pools
contained high quality spawning gravels. In addititrout were observed in two
pools during our study, indicating the stream’srent ability to support steelhead.

Based on our analysis, we estimate that Santa Amnéek currently provides a total
of 2.4 km of suitable quality habitat capable gborting spawning southern
steelhead. In total, Santa Anita Creek is preditbecurrently have a total of 43
pools, ten of which would contain gravel patchefatilitate spawning southern
steelhead. Upon dam removal, an additional 0.&kspawning and rearing habitat
could become available for a total of 3.2 km. Thi& km is predicted to contain a
total of 53 pools and 13 pool tail-outs with patloé gravel for steelhead spawning.

RECOMMENDATIONS AND CONCLUSIONS

Restoration of fish passage to Santa Anita Crealddzenefit the southern California
steelhead by contributing to the currently limisgdount of accessible spawning
habitat available to steelhead, including thosé dtray from the major rivers of the
region. Six of the seven stream crossings foun8amta Anita Creek currently
impede upstream fish passage. We recommend tw tharriers be replaced based
on DFG protocols for fish passage restorationaddition to the creek’s six
impassable stream crossings, the 4.5 m high dandweed to be removed in order
for steelhead to access the suitable spawningearthg habitat observed during our
field assessment. Management of the 100,006freediment impounded behind the
dam is the largest impediment to restoration bexafifs cost and potential for
adverse effects downstream. We define and an&byzedam removal and sediment
management options for the HROA to consider, edtthan associated level of risk
and cost. Ultimately, it will be up to HollisteraRch to weigh the various risks and
costs in order to decide which, if any, they wilirpue to restore steelhead passage to
Santa Anita Creek.



1.0 PROJECT OBJECTIVES

1.1 PROBLEM

The National Marine Fisheries Service (NMFS) hanidied physical impediments
to fish passage as one of the principal threatfriboming to the destruction,
modification, or curtailment of steelheadncorhynchus mykiss) habitat in southern
California (NMFS, 2007a). Dams, diversions, antteotengineered barriers have
blocked migration to the majority of southern sbegld spawning and rearing habitat
in the mainstems and upstream tributaries of miodteowatersheds in southern
California (NMFS, 2007a).

Cafnada de Santa Anita (Santa Anita Creek), locaiedh Hollister Ranch on the
Gaviota Coast approximately 40 kilometers (km) veds$anta Barbara, California,
has been identified as having potential for resimnao promote the recovery of
southern California steelhead (Stoecker & the Cptice Coast Project, 2002)
(Figure 1). A naturally occurring population ofastal rainbow trout/steelhead
(Oncorhynchus mykiss) is thought to be supported by Santa Anita Cr&sughton &
Goslin, 2006). Coastal rainbow trout that migtatéhe ocean are considered
steelhead, and rainbow trout residing solely islieater are capable of reproducing
offspring that will become anadromous southernlisézel (Santa Ynez Technical
Advisory Council, 2000). Santa Anita Creek wasigiested as critical habitat for
southern steelhead by the NMFS in 2005 (NMFS, 20D8ES, 2007a; Stoecker &
the Conception Coast Project, 2002). However,&Anita Creek presently contains
several engineered barriers, including one roadsing, one low-flow crossing, four
Arizona crossings or culvert-road crossings, anoughly 4.5 m high dam, which are
suspected to block steelhead migration to upstisggawning and rearing habitat.
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Figure 1: Location of Santa Anita Creek Watershed

The Hollister Ranch Conservancy (HRC), a subconemittf the Hollister Ranch
Owners’ Association (HROA) committed to conservatad the Ranch’s natural
resources, has identified steelhead restoratiobamma Anita Creek as a priority. As
a result, the HROA wishes to evaluate options éstaring steelhead migration to
Santa Anita Creek. Voluntary restoration of steathpassage to Cafiada de Santa
Anita will require a substantial amount of effondaresources from Hollister Ranch.
As such, a careful evaluation of potential payafsociated with various restoration
options is necessary. In order to provide ountjithe HROA, with a solid
foundation on which to base their decision abougtiver and how to proceed with
restoration goals, our group project will answexr tbllowing research questions:

1) What is the feasibility of removing barrierssteelhead migration in
Cafnada de Santa Anita?

2) If the barriers are removed, what is the quantiy quality of steelhead
habitat that will become available?



1.2 PURPOSE

The purpose of this project is to provide the HRWith an evaluation of potential
steelhead restoration options. We will determireegotential payoff in steelhead
habitat through a variety of barrier removal methodhe word restoration has been
used to describe a wide range of actions undertetkenhance ecosystems. For the
purposes of this project, we define the word redton from the perspective of the
southern steelhead, assigning it the following nreathe alteration of an ecosystem
toward a preferred state.

Ultimately, Hollister Ranch’s decision to proceeiihna steelhead passage restoration
project along Caflada de Santa Anita will requieedbnsideration of many other
concerns beyond the scope of this assessmentre$toeation project would be
subject to an intricate set of local, state, amtfal regulations. In addition, the
HROA would likely need to develop a coalition-buiig strategy among landowners
in support of the project, especially those landersrwhose property is located along
the creek. Before addressing these time-consutasks, a prudent approach would
be to first determine whether or not steelheadrasbn is even a feasible and
worthwhile option. Our goal is to provide the HR@#Ath a focused evaluation to aid
that first important decision.

2.0 PROJECT SIGNIFICANCE

2.1 SGNIFICANCE TO SCIENCE AND SOCIETY

The recovery of steelhead in southern Californid@sewhere in the western United
States is currently a high priority for local, tbstate, and federal interests (NMFS,
2007b). The southern California steelhead was aboadant in coastal streams and
rivers. Over the past few decades, steelhead atpuos have declined to roughly 1%
of their historical numbers, and as a result, thelern California steelhead Distinct
Population Segment (DPS) has been listed unddgndangered Species Act (ESA)
(NMES, 2007a). In addition to their historicalltcwal, and economic value,
steelhead are important ecological indicators efttbalth of coastal freshwater
streams and riparian habitats (NMFS, 2007b).

Federally sponsored steelhead restoration effoetganing momentum in southern
California, as evidenced by the completion of thdR$’s 2007Federal Recovery
Outline for the Distinct Population Segment of Southern California Coast Seelhead
(NMFES, 2007a). However, few local steelhead redgton projects have been
completed, especially on smaller coastal streafyssa result, additional examples of
steelhead passage improvement provide opportuhttiesudy. Additionally, few
dams have been removed from coastal Californiaralagels, and dam removal
studies are limited in number and scope. An evalinaf the feasibility of barrier
removal for steelhead passage restoration on Paniti Creek will apply current
passage improvement theories and practices to lhdana and other passage
impediments in southern California.



2.2 SGNIFICANCE TO HOLLISTER RANCH

This project will create a foundation from whichralient can address steelhead
restoration projects on Hollister Ranch. The infation gained through this study
will identify the restoration options for Caflada$@nta Anita and contribute to the
Hollister Ranch Watershed Management Plan. At dmeestime, this project will
promote stewardship through restoration among f&igeoperty owners and has the
potential to further improve the working relationsbetween Hollister Ranch, the
communities of Santa Barbara County, and statdcauadl oversight agencies.

3.0 BACKGROUND
3.1 STEELHEAD AND THEIR RECOVERY

3.1.1 Rainbow Trout and Anadromous Steelhead

Oncor hynchus mykiss consists of both anadromous and non-anadromoudgiams
(Santa Ynez River Technical Advisory Committee, 200Rainbow trout,
individuals of the non-anadramous population, &ie that complete their entire life-
history cycle in freshwater. These fish share mafirthe same ecological
requirements as their anadromous relatives andraceal in the sustainability of the
steelhead population (Stoecker & the ConceptiorsCBeoject, 2002). Rainbow
trout add genetic diversity to the steelhead pdpriaas they can produce steelhead
as progeny, and vice versa (NMFS, 2007a; Boughtah,e2006). Steelhead and
rainbow trout can be found at the same time wighgtream connected to the ocean
and are indistinguishable as juveniles (Santa Yiger Technical Advisory
Committee, 2002).

3.1.2 Endangered Species Status

Steelhead trout are of the Salmonidae family arne lsaNorth American range that
extends from Alaska to Baja California, Mexico. el$puthern California steelhead
DPS was listed as endangered by the NMFS on Ad@)st997 and was reaffirmed
on January 5, 2006A DPS is a vertebrate population or group of popohe that is
discrete from other populations of the speciessagwificant in relation to the entire
species (NMFS, 2007c). The ESA provides for thing of species, subspecies, or
distinct population segments of vertebrate spediéfsall 15 steelhead DPS, the
southern steelhead is the only population listedrangered. Extirpation rates of the
species correspond with latitude, as the most sontfange of the species
experiences the highest extirpation rates (Bougétat., 2005). As illustrated in
Figure Two, the range of the southern steelhead iBE&nfined between the Santa
Maria River in San Luis Obispo County, Californtethe U.S. — Mexico Border
(NMFS, 2007a).
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Figure 2: Range of southern steelhead DPS

Within this range, four main rivers constitute dmrn steelhead DPS habitat,
including the Santa Maria, Santa Ynez, Ventura, audta Clara Rivers. The
National Oceanic and Atmospheric Administration (NK) assigned southern
steelhead a Recovery Priority Number of threecaiiing that the population faces a
high magnitude of threat, moderate recovery paaérdonflict with future
anthropogenic development and disturbance, andlgibgu extirpation through their
historical range.

3.1.3 Population History

Pre-1960 southern steelhead runs in the four niagers were estimated to be 32,000
to 46,000 individuals. Currently, southern steathpopulations, including both
anadromous and landlocked fish, do not exceedridiOiduals (NMFS, 2007a).
Therefore, approximately 1% of historical popula@urrently exist (Stoecker & the
Conception Coast Project, 2002). River-specifimestes indicate the degree to
which run sizes have been reduced. In the Santéa River the adult steelhead run
size was estimated to be less than 100 adultanahé Santa Clara River run sizes
were estimated to be less than 5 adults per yeaod&2005). Such a dramatic
population loss increases the threat of extinatioa to a lack of genetic variability
(F&WS, 1997).



3.1.4 Threats to Survival

The extensive loss of steelhead populations itatye regional rivers can be
attributed to a number of factors, including urlzation, channelization of rivers and
creeks, wetland loss, grazing, and the introduatidnvasive species. However, the
greatest threat to southern steelhead populatadriliy in small Santa Barbara
streams is the presence of engineered barriershtoniigration (Stoecker & the
Conception Coast Project, 2002). These man-madeisaprevent access to prime
spawning and rearing habitat, which is cruciaht® $teelhead lifecycle and critical to
population viability. While the relative importamof restoring fish passage on one
of the four major rivers within the southern steatht DPS exceeds the contribution of
dam removal on Santa Anita Creek, fish passageowvepnents on the creek increase
the diversity of habitat options available to migrg southern steelhead in a region
marked by unreliable stream flows.

In Cafiada de Santa Anita, factors that may nedgtingact southern steelhead
include:

= One dam and seven engineered barriers that prapstream migration to

suitable spawning habitat

= Potential high water temperature

= Limited presence of gravel for spawning

= Limited number of rearing sites

= Susceptibility of pools to sedimentation

3.1.5 Steelhead Life History

Steelhead trout are an anadromous species, mehainipey live the majority of
their lives in the ocean but return to freshwateans to spawn and rear their young
(McEwan and Jackson, 1996). Alevins, a fish inlémeal stage that has not yet
emerged from the nesting area, hatch in freshvesiteams three weeks to two
months after fertilization, depending on water tenagpure (NMFS, 2007a).
Approximately four weeks after hatching, fry lealie gravel nest, known as a redd,
and form schools along the protected areas ofdn&s Until one year of age, fry
live in the deeper pools. In coastal southernf@aia streams 67-96% of young-of-
the-year steelhead reside in upstream pools (Sto&ckhe Conception Coast
Project, 2002). Eventually young steelhead migiatbe stream’s estuary to adapt
to the saline water conditions and continue to.rear

Many individuals move quickly through the estuaryéach the ocean, while others,
particularly in northern California, remain in thstuary for 6 to 9 months (Bond,
2006). Estuaries provide important northern Catii@ steelhead habitat because they
allow for both growth and adaptation to oceanicgerature and salinity. When
smoltification occurs, steelhead migrate to theaod® spend one to two years
feeding, growing, and developing the blue-back i@lon from which their name is
derived (NMFS, 1996). Since mortality at sealisrgjly size-dependent, fish that
spend a greater amount of time in the estuary ama tp a larger size have a higher
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chance of surviving than the individuals that migrdirectly to the ocean.
Consequently, the estuary-reared northern Caliosteéelhead comprise 85% of the
adult population returning to migrate upstream (@d006). However, summer
estuarine environments in southern California doahways enhance steelhead
growth due to unsupportive conditions, includingh@r water temperatures and
lower dissolved oxygen (DO) concentrations (Bougtebal., 2007). As such,
southern steelhead may not spend as much timeagaarthe estuarine environment.
Therefore, it is possible that estuaries play déife roles in the steelhead life history
in southern and northern California.

In general, steelhead return to their natal streanspawn. However, if their natal
streams are inaccessible, steelhead adapt and wiltdor adequate flows to occur
or migrate up another stream nearby. This oppaticrbehavior is an important
strategy for a species that faces extremely varialihatic conditions and
anthropogenic habitat disturbance (Stoecker & tbec€ption Coast Project, 2002).
Upstream migration depends greatly on stream flogvtherefore varies seasonally.
On average, upstream migration occurs between Deeeamnd March when
conditions are relatively favorable due to increbsteeam flows and the breaching of
estuary sandbars that result from winter storms.

Once upstream, a female steelhead will find a patgravel of suitable size and
hollow out a depression to deposit her eggs. Aerttan fertilizes the eggs, and the
female covers the fertilized eggs with a shalloyetaof gravel for protection
(Shapovalov and Taft, 1954). The duration andessof egg incubation is highly
variable and depends on water temperature, DO otnat®n, scour by high flows,
predation, and suspended sediment deposition (&pé&cthe Conception Coast
Project, 2002).

3.1.6 Habitat

Steelhead require clean, cool water that is high@and contains no harmful
chemicals. Both water depth and velocity mustusgcsent for the fish to by-pass
barriers and for keeping channels open for passatg®, food, such as
macroinvertebrates, crustaceans and small fisht beuavailable for consumption by
juveniles. The stream itself must have suitabéels for spawning, periodic high
water flows, cool summer water temperatures, amdspdeep enough to provide
refugia for hiding from predators. Specific waparameters and channel
characteristics for southern steelhead habitalisiezl below.

Water Parameters (Depth, Temperature, DO, Flow):

= Sufficient depth, 15 to 91 cm, for overcoming bensi clearing passageways
to and from estuaries, and spawning (Bovee, 199 8itad in Stoecker, 2002)

=  Temperature requirements for steelhead are uneepaiticularly for the
southern steelhead population. Minimum water teatpees for steelhead are
well below water temperatures observed in soutlalifornia coastal
streams. As such, maximum temperatures for staelaee of greater concern
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for steelhead survival. A commonly cited uppeiprent lethal temperature is
25 degrees Celsius (°C). However, steelhead itheou California have been
observed in water temperatures as high as 32 “@4Yaez River Technical
Advisory Committee, 2002; Matthews and Berg, 199ina, 2007)

= DO concentrations of at least 3 milligrams perl{tag/L), depending on
environmental conditions, including temperature {tiews and Berg, 1997)

= Water velocity between 0.15 and 1.1 meters permsk(n/s)

Channel characteristics (Gravels, Banks, Debriag8hPools, and Riffles):

= Gravels of 5 to 100 mm diameter for spawning, weds than 5% sand and
silt (Bovee, 1978; Reiser and Bjornn, 1979; asdaiteMcEwan and Jackson,
1996)

= Undercut banks and in-stream riparian vegetationeimperature regulation
and security

= Boulders or woody debris for cover, to break curfenrest, and to maintain
pool formation processes (Stoecker & the Concepfioast Project, 2002;
Harrison and Keller, 2003)

= Pools, runs, and riffles are all necessary foritel@ate (food) production and
prey capture at different stages of developmemte@iter & the Conception
Coast Project, 2002)

3.1.7 Steelhead Recovery Plan

In September 2007, NMFS wrote a Federal Recovettinedor the southern
steelhead DPS. In this outline, NMFS states thatrern steelhead recovery will
require sustaining “sufficient numbers of viableptations...within each of the five
Biogeographic Regions to conserve the natural dityerspatial distribution, and
redundancy of the populations, and thus the long teability of the DPS as a
whole” (NMFS 2007a).

NMFS Technical Recovery Teams (TRT) developed sstrategic recovery actions
to help achieve viability of the southern Calif@mioast steelhead DPS. These seven
actions are outlined below.

1) Core populations must be identified, and recpedforts must focus
on maintaining their viability. In general, largeatersheds are more
likely to contain core populations because theycapable of
sustaining larger numbers of fish.

2) Extant inland populations should be protetteshaintain existing
population diversity.

3) Sustainable refugia should be identified anthtamed to protect the
DPS from severe droughts and heat waves, ever ievént of long-
term changes of climate.
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4) More detailed population data should be acquared population
levels should be monitored to assess basin-spediécts of
environmental stochasticity in order to provide arenrobust viable
population size.

5) Estuary and lagoon habitat should be protestedrestored, allowing
for juvenile growth and protection and the conrmttf the ocean to
freshwater streams.

6) The desire for more research on the southesitstad DPS must be
balanced with beginning specific recovery actiombe creation of
strategic plans and timelines will help inform whatto invest in
more information collection or invest in recovegtiities.

7) Ecosystem management programs should addeessithral
characteristics of individual stream’s sediment apdrographic
regimes. Such programs will aid in understandirggléinge scale
impacts of anthropogenic disturbance on the naaystem, which, on
its own, is complex and stochastic.

These seven strategies act as a central organahépr TRT to prioritize
conservation action. By achieving these strateggiovery actions, NMFS is
fulfilling southern steelhead recovery efforts unttee ESA.

3.2 REGIONAL EXAMPLES OF STEELHEAD RECOVERY

The restoration of steelhead passage to Santa 8rgiek can complement the seven
actions outlined by the NMFS. When proposing ggatao enhance southern
steelhead habitat through engineered barrier reingwaance of proper steps to take
can be garnered through researching similar stuwligee region. The following

three examples were chosen based on their cloggaggdoc proximity and similarity

in basin and channel characteristics to Cafiadad&a3\nita, as well as their range
in project scale.

3.2.1 Arroyo Hondo Creek

Arroyo Hondo Creek, located in northern Santa Barl@zounty, features a 91 m long
culvert that runs underneath California State Higihi01. Downstream of the
culvert beneath the old Highway 101 Bridge, is arblbng semi-rounded culvert and
concrete box channel. The Land Trust for Santd&arCounty has proposed a
project to retrofit the culvert with concrete baflto increase the occurrence of a
range of flows through which steelhead can navigaeulvert to access upstream
spawning and rearing habitat (Questa Engineerimg@@ation, 2004). Other
objectives, such as coastal lagoon restoratiorttadonstruction of additional pool
habitat, are proposed to enhance steelhead habdattream passage. The Land
Trust evaluated numerous culvert modification, tetl@nhancement, and pedestrian
access alternatives to achieve the most cost-sféeahd appropriate project. Since
fish passage was the project’s top priority, stitagtengineers first evaluated the
current culvert and determined that its concretéobowas essential for culvert
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stability. The evaluation indicated that, with@eonhsidering the expensive option of
retrofitting the entire culvert, the best way tdance fish passage was to add
concrete baffles to increase depth and reduce tielof low flows. This change in
hydrology extends the window for which upstrearh fisigration can occur by
increasing the range of flows adequate for fislspgs from between 0.2 and 0.3
cubic meters/second ¢fs) to between 0.03 and 2.8/m

The Arroyo Hondo project illustrates the severitytweatening Union Pacific
Railroad structures by releasing sediment fromrayineered barrier removal. The
Union Pacific Railroad essentially halted the Awdyondo project due to concerns
regarding the negative impacts of sediment clogtjiegculvert underneath the
railroad tracks (J. Mazza, personal communicationg 13, 2007).

3.2.2 Horse Creek

The Horse Canyon dam, spanning 19 m, was demolish@dtober 2006 to re-
establish access to 8 km of steelhead rearing@adrsng habitat that had been
inaccessible since the mid-1960s. The dam wasddamn Horse Creek, a tributary
to the Sisquoc River in the San Rafael WildernéskeolLos Padres National Forest.
Santa Barbara County Flood Control District bk dam to prevent channel-bed
and bank erosion and the flow of debris into therafter a devastating fire in Horse
Canyon. However, the dam quickly filled up witldseent and completely blocked
upstream steelhead migration. Consequently, tbisida was made to demolish the
dam with explosives. Prior to the blast, biologistirveyed the area for threatened
and endangered species. The blast broke the daranrall pieces and winter floods
are expected to carry debris and rubble downstresstgring the creek to natural
conditions.

Prior to dam removal, a biological assessment wa®pned (NFS, 2006). The
biological assessment determined that the likebhaofosteelhead being present during
dam removal was low, the impacted area would bdlstha duration of the project
would be short, and dam removal would ultimatelgdddé steelhead by opening up 8
km of previously inaccessible habitat. Furthermdre/as estimated that 11,800
cubic meters (ff) of sediment, an additional 4-6% of the river'siaal sediment

load, would be mobilized downstream into the SisgRover. Since the amount of
sediment expected is such a small portion of tmeialnaverage, it is anticipated that
all of the sediment released due to the removBlarée Creek Dam will be mobilized
over a single year (Love & Llanos, 2005). Numersiakeholders were involved in
the project, including the California Departmentigh and Game (DFG), Pacific
States Marine Fisheries Commission, California @oretion Corps, Community
Environmental Council and Stoecker Ecological Cttiveyi(Los Padres Forest
Watch, 2007).

This case-study is unique in that the dam was Hgtreanoved. As such, this project
offers the opportunity to consult with researchsttglying the habitat area after dam
removal to determine the effects of dam removasauthern steelhead.
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3.2.3 Carpinteria Creek

Carpinteria Creek drains 38.8 kifsquare kilometers) of high quality watershed
habitat and ranks as having one of the highestdtalmlues and restoration potentials
for steelhead among all south coast streams (CazlRevource Conservation

District & the Carpinteria Creek Watershed Coaliti@005; Stoecker & the
Conception Coast Project, 2002). As part of adamgatershed plan, the Conception
Coast Project inventoried the culverts on the cthakact as significant barriers to
upstream migration. Eleven man-made stream crgssiocur in the watershed
(Cachuma Resource Conservation District & the @éepia Creek Watershed
Coalition, 2005). Certain factors, such as effect$low direction, sedimentation
stability, and ecological effects on southern $teatl, were analyzed to determine the
most appropriate recommendation for each culvéidst analyses resulted in the
recommendation to remove the culvert and replae#tiita bridge to allow for
upstream fish migration and sediment transport diorgam. Other recommendations
included modifying or retrofitting existing strucas to improve fish passage. Many
stakeholders are involved in the improvement d¢f passage along Carpinteria
Creek, and discussions with landowners are negegsgenerate compromising
results that allow for adequate fish passage (GaaliResource Conservation District
& the Carpinteria Creek Watershed Coalition, 2005).

The restoration of Carpinteria Creek is proposegaaisof a comprehensive
Carpinteria Watershed Plan. The thoroughnessi®pthn indicates the complexity
of watershed restoration and southern steelheadhistory cycles. Upon its
completion our analysis would contribute as one paa comprehensive watershed
plan for Hollister Ranch. In addition, the Carpind Watershed Plan evaluates
restoration on a culvert-by-culvert basis. Sinilaour project will evaluate each
culvert for its restoration potential and recommeptions for the removal or
modification of each culvert to enhance future fisissage.

3.3 SUMMARY

This section highlights the current, geographicalbse, southern steelhead
restoration projects. Each project provides insigharding the process by which
dam and culvert removal should take place in therson California environment.
Although the dams differ in size from the dam lecabn Santa Anita Creek, each
project addresses the specific impacts of dam leeduemoval on southern
steelhead at their sites. These projects proveae of the foundation from which
steelhead restoration is understood at Santa Améak.

4.0 BASIN DESCRIPTION: CANADA DE SANTA ANITA

4.1 REGIONAL SETTING

Cafiada de Santa Anita, commonly referred to asaSamta Creek, drains a small
watershed located on the Gaviota Coast, Califoaparoximately 40 km west of the
city of Santa Barbara. As illustrated in Figureét® Santa Anita Creek watershed is

15



situated in roughly the middle of the Gaviota Caa¥l is characteristic of the coast’s
many small watersheds. When compared to the &wgef primary steelhead rivers,
Santa Anita Creek can be classified as a secorstieelhead creek.

Current Distribution of Southern Steelhead
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Figure 3: Santa Anita Creek is characteristic of the manyllstoastal streams located along the
Gaviota Coast and can be considered a secondaanstor southern steelhead when compared to the
larger rivers located to the north and east.

4.2 THE GAVIOTA COAST

The Gaviota Coast is the longest undeveloped doasil southern California
(Gaviota Coast Conservancy, 2007). The GaviotastCuas been recognized by the
National Park Service (NPS) as a nationally sigarfit resource worthy of
preservation due to its unique biological and caltuchness. The coast is located
within one of the rarest biomes on earth, the Eneeng Sclerophyllous Forest biome,
which features Mediterranean-type vegetations the only location in the United
States that features an ecological transition bateeen northern and southern
Mediterranean communities. As a result of its ueigeographic setting, the Gaviota
Coast features two of the most biologically diveeseregions in the world and is
home to 1,400 plant and animal species. Of theseias, 24 have been listed as
threatened or endangered by federal and/or statecags (NPS, 2003).
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4.3 HOLLISTER RANCH

Hollister Ranch occupies 58.7 kspanning 13.7 km of the central portion of the
Gaviota Coast. The lower half of the Santa AniteeR watershed is located within
Hollister Ranch, while the upper half is locatedwarily in the Poett Ranch.
Hollister Ranch was subdivided into 0.4 kparcels in the early 1970’s with the
intention of creating a new type of residential @lepment that preserved a 200 year
tradition of cattle ranching and the relatively poed condition of its land (HRC,
2003). The Ranch continues to be a working cedtbeh under the Hollister Ranch
Cattle Cooperative. The Hollister Ranch Ownerss@g@ation Board of Directors
provides management oversight and develops Rarhigso The HRC is an
advisory subcommittee of the HROA, tasked with @cthg and enhancing the
Ranch environment (HROA, 2006).

4.4 CLIMATE

The Gaviota Coast has a Mediterranean climate cteized by mild, wet winters
and warm, dry summers. Point Conception, locatimdvekilometers west of the
ranch, is considered a major climatic boundary sjray the relatively cool and
moist conditions of northern California from therweer, drier conditions found
throughout southern California. There are no jmigtion gauges located on
Hollister Ranch; however, annual rainfall at thenPérguello gauging station to the
west has been recorded to range from 15 to 53 mwdhaanual rainfall from the
Salsipuedes gauging station to the north has rafiged25 to 61 cm. Most
precipitation falls in winter months. The averaig@ly temperature at the ranch is
15°C, with an average daily low of 8.3°C and anrage daily high of 21.1°C
(Hendrickson, Farren Jr., & Klug, n.d.).

4. 5CANADA DE SANTA ANITA

4.5.1 Geologic and Hydrologic Setting

Santa Anita Creek flows 8.4 km from the Santa YMezintains, part of the
Transverse Mountain Range, to the Pacific Oceaninitig a watershed of
approximately 8 krh  Elevations in the watershed range from sea levedughly

440 m. The Transverse Range represents the ladaxtension of major sea-floor
structures. As a result, layered sedimentary rpegdominate in the watershed and
constitute its dominant source of sediment. Theeslowatershed features various
types of shale and minor amounts of limestone,enthié upper watershed is
comprised of siltstone and sandstone with minorwartsof gravel, as illustrated in
Figure Four (Hendrickson et al., n.d.). The sh&desd in the watershed are easily
eroded into clays and silts and, as a result, thienty of the watershed’s sediment
supply is fine-grained with little gravels. Thedsaent supply represents a potential
management concern for steelhead, as the largerdmabfine sediment and paucity
of gravels may limit the amount of suitable sulistfar steelhead spawning in Santa
Anita Creek.
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Figure 4: Geology of Hollister Ranch (Hendrickson et ald.)

The management of Santa Anita Creek for steelhegines an understanding of the
watershed’s stream flow patterns and their inflegemis steelhead habitat at various
stages of the steelhead lifecycle. Precipitatiothe watershed is characterized by
large inter-seasonal variability, with almost dltlee rainfall occurring during fall

and winter months. This variability is reflectedthe watershed’s hydrograph,
illustrated in Figure Five. Inter-annual variatyilalso exists as a result of periodic El
Nifio Southern Oscillation events. The combinatibmariable precipitation patterns
and steep slopes found within the watershed ymhdst bursts of high runoff and
increased stream flows. These occasional highfrenents wash the watershed’s
fine sediments downstream and result in turbicastr@ows, which can be
exacerbated when rain events occur after a fitearupper watershed’s chaparral-
dominated hill slopes. While grazing in the hibges of the lower watershed
reduces fuel loads and the potential for fires,upper watershed is ungrazed and has
not burned in decades. In addition to causingidustream flows, large rain events
move the creek’s gravels downstream and organera thto spawning habitat.
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Figure 5: Estimated hydrograph of the average daily flowSanta Anita Creek. Because Santa
Anita Creek did not contain a stream gauge, avedagg flow was estimated by scaling average daily
flow data from Gaviota Creek and Jalama Creek tuebAnita.

The southern steelhead has adapted to southefor@wlis flashy hydrological
regime, and its life stages are directly influenbgdhe variable flow patterns
observed throughout the region’s coastal stredbging wet winter months, stream
flows can become great enough to breach the samttistrseparate creeks from the
ocean throughout the rest of the year, allowindtestaelhead to migrate upstream to
spawn and juvenile steelhead to migrate out tadean. During the summer, when
stream flow is greatly reduced, steelhead reararks and estuaries and grow
stronger in preparation for their eventual mignatio the ocean.

4.5.2 Steelhead Migration Barriers

The upstream migration of fish, including southsteelhead, in Santa Anita Creek is
naturally limited by a bedrock and boulder watédfatated approximately 4.2 km
upstream from the ocean (Stoecker, 2002). Thealdtarrier also approximately
marks the upper limit of the portion of the Santata Creek watershed located
within Hollister Ranch, as illustrated in FigurexSiThe remaining upper portion of
the watershed is located on the Poett Ranch andllslé&Ranch. If full fish passage
were restored to the creek, the natural barriedaveepresent the upstream limit of
steelhead habitat in Santa Anita Creek.
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In addition to the natural barrier, steelhead ntigrais currently further limited in
Santa Anita Creek by 8 engineered barriers, inolyidin impassable 4.5 m high dam.
The remaining 7 potential barriers include a culpassing under the Union Pacific
Railroad, an arch culvert passing under Rancho Reatl, and along Santa Anita
Road are four Arizona crossings and one low floessing. Figure Four illustrates
the location of Santa Anita Creek’s natural baméative to the dam and 7

engineered barriers.
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Figure 7: Locations of the engineered and natural barriensgaSanta Anita Creek
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4.5.3 Habitat Features

Santa Anita Creek drains into the Santa Barbaran@#an the Pacific Ocean at Little
Drake’s Beach, a popular location for local surfeFhieapproximately 700 nfong
beach consists primarily of fine to medium graisadds. Both ends of Little
Drake’s Beach feature complex intertidal habitat|uding tide pools. The tide pools
are the location of an outdoor education prograciifated by the Hollister Ranch
Conservancy in which local school children are emaged to explore and learn
about intertidal ecosystems during docent-led figfis. In the short term, dam
removal activities will increase sediment thatrasported to the coast. Upon
reaching the ocean, the sediment’s fate must beratabd so as to prevent
unintended consequences to marine habitat, inautiie tide pools. Silt and clay
particles will not settle in high energy beach eowments. Instead, they will be
carried further off shore by currents and will eleetly settle on the deep sea floor.
Sand-sized sediment is expected to remain in thstabzone and gradually be
moved alongshore by currents and wave action meegs known as littoral drift.
Sand along the coast of Santa Barbara County srgiytransported via littoral

cells from the north to the south.

Santa Anita Creefeatures a 125 m long and approximately 250 - 35@stuary
located roughly in the center of Little Drakes Beg€igure 8). The estuary is one of
California’s few remaining estuarine wetlands, 96Pavhich have been destroyed.
Estuarine wetlands are a specific type of wetlamohfl when stream flow mixes with
the ebb and flow of the ocean. Santa Anita Cree&tsary has been identified as
critical habitat for the federally endangered tidésv goby (USFWS, 2008). While
the end of the estuary closest to the ocean iswelashallow, approximately 0.3 to
0.6 m in the summer, and lacks canopy cover, tlseregam margin of the estuary
features an approximately 3 m deep pool, densapsacoverage, and complex in-
stream habitat, which may provide shelter for seuttsteelhead. Except for a few
limited occurrences during high stream flows inwet winter months, the estuary is
separated from the ocean by a sand bar. In addjtiet upstream of the estuary an
approximately 0.16 km section of Santa Anita Creek observed to be dry during
the 2007 summer, disconnecting the estuary fronreg® surface flows.
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Figure 8: The Santa Anita Creek Estuary

Upstream of the estuary, the creek supports avebaintact riparian corridor and
suitable steelhead habitat. Canopy cover alongplaeian corridor predominately
consists of mature native species, including clasiak Quercus agrifolia ssp.
Agrifolia), California sycamoreR{atanus racemosa var.racemosa), and various
riparian shrubs that provide a high level of canopyer. Portions of the riparian
corridor that have experienced a higher degreestdithbance, including those found
surrounding the estuary and along the plain of mmgled sediment behind the dam,
feature a reduced amount of canopy cover and &hiloportion of non-natives
including eucalyptus tree&(calyptus sp.), Peruvian pepper tregekinus molle),
poison hemlock@onium maculatum), sweet fennelRoeniculum vulgare), and tree
tobacco Nicotiana glauca). The stream channel is relatively steep, with slopes
ranging from approximately 0.05-2% below the dam approximately 2 to 3 %
above the dam. Low flow channel widths range féto 4 meters, and in general,
are wider below the dam than above it. Habitavalibe dam features many boulder
and log jam induced constrictions, creating stabdg pools. Constrictions of stream
flow have been shown to maintain pool habitat iastal California streams (Harrison
& Keller, 2007). The substrate in this portiontle¢ creek consists of a mixture of
bedrock, sands, cobbles and boulders. The podlamay of substrate observed
above the dam constitute the creek’s most suisteidhead spawning and rearing
habitat (Figure 9). Downstream of the dam, fewartdes and boulders are observed,
and the substrate becomes finer with more sandsilisghresent. The finer
sediments found in pools and pool tail-outs dovastr of the dam make this section
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of the creek more suitable as a migration corrfdosouthern steelhead (Figure 10).
However, dam removal and post-removal channeluetstring in the section of the
channel immediately above the dam could increasarst gradients and allow for the
transport of larger grained substrate, includiraygl, further downstream, which
could extend the amount of spawning and rearingtdtadvailable within Santa Anita
Creek. In addition to its valuable beach, estwgramd riparian habitat types, Matt
Stoecker and the Conception Coast Project (20@2itifted Santa Anita Creek as
having potential for steelhead recovery based erstteam’s current ability to
support a population of coastal rainbow trout.

L i 2> ) s :
Figure 9: Riffle found in the upstream end of Santa Aniteek
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Figure 10: ration corridor found in the downstream endsainta Anita Creek

5.0 DAM REMOVAL AND SEDIMENT MANAGEMENT

5.1 INTRODUCTION

The largest obstruction to fish passage on Sanii@a Aneek is the small dam located
in the lower portion of the watershed, 1 km upstréeom ocean (Figure 11). The
removal of Santa Anita dam would be a significaduwtaamcement for the restoration of
the creek for the endangered southern steelheavkerd® issues need to be addressed
to ensure a successful completion of the projébere are a number of dam removal
options to consider and important concerns fomla@agement of the large amount
of sediment impounded behind the dam (Figures 124a). This section of the report
will address these concerns, as well as the hygicdbprocesses associated with
dam removal and the effects these processes caohadownstream habitat and
infrastructure.

5.1.1 Santa Anita Dam

Santa Anita dam is a concrete structure measudng tvide by 27 m long by 4.5 m
high (Figure 5). The structure has been in placebout 35 years. However, no
official Hollister Ranch documents exist outlinitige dam’s construction, and the
only information available on the dam’s historygimates from aerial photos and
interviews from longtime Ranch residents. Onlyeaatle after its construction, the
dam was rendered useless for storing water afteewstorms completely filled in
the reservoir with sediment (Hollister Ranch restgdpersonal communication,
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2007). The presence of the dam has caused theahgpstream to aggrade and
created a sediment plain that stretches 580 magst(Figures 12a, 12b). This
sediment plain has become a convenient gatheragggor cattle, which is a known
concern for the water quality of the downstreantinea and estuary. In addition, the
immediate downstream section of the creek has &fected by scouring of the
stream dropping off the dam face without a sedin@ad, resulting in a down cutting
of the streambed channel in a 400 m section bdtevdam. If the dam is removed,
Santa Anita Creek will undergo a period of readjesit in which the original pre-
dam stream gradient will be restored (Grant, 2005).

Figure 12a:The impounded sediment plain looking downstreanarol& the dam
Figure 12b: Looking upstream on the impounded sediment plain
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5.1.2 Dam Removal Options

There are a number of strategies for dam remowkadiment management. To
determine which of these options were most appatgfor Santa Anita Creek, we
first performed a literature review to gather gahéackground information. To
further refine these options, we applied the resofliour field-based analyses to the
results of our literature review to devise feasibden removal and sediment
management options for HROA.

Three options for dam removal were considered duhe literature review,
including full removal, incremental removal, and@removal option. In addition,
three sediment management options were reviewadh &f these options will have
altering effects on the upstream and downstreachesaof the creek and nearby
beach, potentially affecting water quality, wiléljfand vegetation. Additionally,
each removal option will involve differing advanésgand disadvantages regarding
time and management intensity, maintenance, artd &ds important to realize that
a tradeoff may exist between negative short-tergaicts and long-term benefits to
the environment.

5.1.2.a Full Dam Removal

Small dams are often removed all at once usingnaben of demolition techniques,
including blasting, hydraulic fracturing, or a @nd crane method (ASCE, 1997).
Blasting involves using explosives to loosen amdaee dam components. Hydraulic
fracturing is also commonly used and utilizes heagyipment, such as a hammer or
claw backhoe attachment (Graber et al., 2001)tiri@ublocks out of the concrete
and removing them by crane or heavy equipmentiésreel to as a cut and crane
approach.

Full removal has the greatest immediate impadbecstream, yet requires the least
amount of time and project management to meetnagtio goals. Following dam
removal, water quality is affected by the initiallge of sediment and debris released
during the removal of the dam face and additionddgs coinciding with storm
events (Grant, 2005). Altered turbidity and floatterns have the potential to affect
the habitat of aquatic organisms, including fisd ather wildlife, dependent on the
stream. Increased sediment transport has thetm@teEnreduce culvert conveyance
capacity and damage infrastructure. Costs assaocvaith full dam removal depend
largely on the type of removal method chosen.

5.1.2.b Incremental Removal

Incremental removal also results in a complete rexhof the dam; however, it is
executed over time in a progressive fashion. Notcbr gradual breaching from the
top of the dam is accomplished through the cut@ade method. Incremental
removal offers a conservative approach when cosaexist regarding sediment
effects on downstream habitat. The end resultngas to full removal; however,
greater care can be directed toward potential doeas effects. Incremental
removal may lessen negative impacts to water gquditth, wildlife, and surrounding
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vegetation. However, this method does take loagdrresults in increased cost and
time involvement. On the other hand, these costg Ioe offset by less sediment
excavation and clean up work after the removalggsas complete (ASCE, 1997).

5.1.2.c No Removal

No action options should be considered if removirggdam is not feasible due to
concerns regarding the downstream effects of rglgamipounded sediment, if
upstream conditions do not warrant restorationresffor if costs are unbearable. No
removal maintains the creek’s present state, imetuiis current flows and water
guality conditions. On one hand, this option pregaletrimental impacts to
downstream reaches caused by increased sedimespdara On the other hand, fish
passage is not restored. To mitigate the losaisdgge, a fishway could be installed
or a trap and transport program could be implentenkéowever, these measures to
improve fish passage would likely entail a smailire on investment. Fishways
require maintenance to keep them free of debrisnalling properly. Similarly, a
trap and transport program is likely to be difficahd time consuming due to the
unpredictability of fish arrival and small numbdmpmtential migrating southern
steelhead (ACSE, 1997).

5.1.3 Sediment Removal Options

Dam removal alternatives are closely tied to sedimenagement. Our literature
review revealed three potential options for manggmmpounded sediment. These
options are as follows:

1) Sediment removal by natural stream flows
2) Mechanical sediment removal
3) Partial mechanical removal with stabilization
This section will review the details of each seelimremoval option.

5.1.3.a Natural Sediment Removal

Under a natural sediment removal scenario, the imged sediment erodes through
the process of knickpoint retreat (Grant, 2005he $tream channel cuts into the
impounded sediment face and initiates erosionghadressively migrates upstream
utilizing natural stream processes to transporsttBment. The sediment plain will
erode through down cutting of the knickpoint, bafdpe failures, and flushing from
the channel bed. This type of erosion continuespisodic pulses, mimicking the
flow pattern of the creek until the channel readtesriginal pre-dam stream
gradient and the remaining impounded sediment aloedpanks have failed back to a
stable angle (Grant, 2005). At this time, alllué erodible sediment has either
washed downstream and deposited elsewhere alorga®lk or washed out into the
ocean. Typically, the total amount of eroded sedinirom knickpoint retreat is less
than the total volume of impounded sediment betiieddam (Grant, 2005).

29



5.1.3.b Mechanical Sediment Removal

Mechanical sediment removal needs to be considened the risks associated with
releasing sediment downstream are too great. Sedlioan be mechanically
removed by excavation, slurrying through a pipelorebucket dredging. Slurrying is
only appropriate in streams with sufficient flow toansporting the sediment, and
bucket dredging requires a significant amount ofkaeffort and machinery (ACSE,
1997). Under an excavation scenario, sedimempleould first be dewatered
through the use of extraction wells. Dewateringasessary to make the sediment
plain accessible for the excavation equipment.sibday of lowering the
groundwater table via extraction wells will depenwdthe composition of the
impounded sediment. Following excavation, sedincantbe trucked or moved on a
conveyance system to a permanent storage area wharebe stabilized, or reused
as fill dirt at a later time. If the impounded sBrdnt cannot be stored or reused, then
it will need to be trucked to a disposal facility.

5.1.3.c Partial Mechanical Sediment Removal and Bank Stabilization

Partial mechanical sediment removal combined wathkistabilization requires
removing enough sediment to ensure bank and chataiglity and the reengineering
of a new channel that reflects the pre-dam streadignt. Dewatering of the
sediment plain may also be required to allow feruke of earth moving equipment
in the excavation process. Once a new channet&ead, the remaining sediment is
stabilized by armoring the stream banks, plantiegetation, or a combination of
both. The appropriate amount of stabilizationede}s on the volume of sediment
that is required to be stabilized to minimize timpact of sedimentation on
downstream infrastructure and habitat. Heavy aimgarses structures such as riprap
or gabions to hold back the remaining sediment|enlfghter armoring uses native
vegetation to stabilize the banks. Enough sedimmrst be removed to ensure stable
bank slope angles, which depend on the soil cortipnsaf the impounded sediment.
For soils that consist of clays, the bank slopdeantay need to be as shallow as 10
degrees (Skempton, 1953). Disposal of the excd\s®diment involves the same
issues described above.

5.2 METHODS

To further refine the dam and sediment optionslalba to Hollister Ranch, a series
of sediment calculations were performed to charaetehe nature of the impounded
sediment and its potential for transport throughdbwnstream channel. Since the
downstream impact of sediment is a key decidingpfaa choosing a dam removal
and sediment management strategy, calculations megessary to model the
behaviors of its movement.
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5.2.1 Historic Discharge Calculation

Historic records of stream flow do not exist fong&aAnita Creek. However, an
estimate of historic discharges is required tormeige sediment transport capabilities
within the creek and upstream migration opportesiti

Historic discharge for Santa Anita Creek was egthédy comparing United States
Geological Survey (USGS) stream gauge data frormsasby watersheds, Gaviota
Creek and Jalama Creek (Figure 13). Santa AngalCwatershed encompasses an
area of approximately 8.2 Knand ranges in elevation from sea level to
approximately 440 m. The Gaviota Creek watershechtary is approximately 3.5
km to the east of the Santa Anita watershed, ramgelgvation from sea level to 800
m, and has an area of 48.9%upstream from its stream gauge. Discharge records
for Gaviota Creek span from 1966 to 1986. Thenjal@€reek watershed boundary is
approximately 0.7 km to the west of the Santa Awiddershed, ranges in elevation
from sea level to 640 m, and has an area of 534ukstream from its stream gauge.
Discharge records for Jalama Creek span from 1©€6982.

Santa Anita Gaviota
@ UsGS Gauging Station [ 200 -

—— Creeks [ ] 300- 400

N Major Roads [ ] 400-500

Santa Barbara Channel [ watersheds [ ]s00-600

Elevation [T ] 600-650

meters [ 650 - 700

ORSTESANG 5 g 12K' I o- 100 I 700 - 750
O e s Kilometers

Sources: USGS, UCSB Map and Imagery Library - 10085200 - [0iR800

Figure 13: Nearby watersheds and USGS stream gauges usethputmSanta Anita Creek discharge
Santa Anita Creek’s discharge was estimated byligithe area of these nearby

watersheds by the area of Santa Anita Creek’s sla€erto get a proportionate factor.
The respective proportionate factor was then miigtigoy the corresponding
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watershed’s measured discharge of interest, gk annual or mean daily
discharge. This produced an estimated discharggdota Anita Creek. Using the
estimated discharge from both watersheds alloweatpaoson of their predictions.
The average value from this comparison was usdégeasstimated discharge of Santa
Anita Creek over the relevant period of time of dngginal data.

The three watersheds differ in size and elevatiotlh, Jalama and Gaviota having
larger watersheds and higher elevations relativi&aitta Anita. Consequently, we
predict Santa Anita’s stream flow to be overesteddiecause Jalama and Gaviota
should receive a proportionately larger amountretipitation at higher elevations.
However, the assumption that Jalama and Gavioti@@ars gauge data are
representative of Santa Anita’s stream flow isfagiced by the fact that both stream
gauges produce similar data with similar peak flawd average discharge. Then
again, the elevation differences in these waterskethpared to the Santa Anita
Creek watershed are higher, and thereby overestidistharge in Santa Anita Creek
by small amounts. The average annual daily flow used to estimate the average
wet season flow for sediment transport calculatems exceedence flows for
FishXing analysis.

5.2.2 Sediment Augering and Sampling

The sediment impounded behind the dam was delinesiag field surveys
(Appendix A), aerial photos, and a digital elevatinap (DEM). The impounded
area was hand augered and sampled to determimapbended sediment volume
and the grain size composition.

5.2.2.a Locations

A total of eight locations were hand augered toveste volume and composition of
sediment impounded behind the dam (Figure 14).r Emations were chosen along
the centerline of the sediment plain (B, E, G, BhdFigure 15). An additional four
locations flanked the two centerline locations ekigo the dam (A, C, D, and F).
The first row of three hand auger locations (AaBd C) were approximately 12 m
upstream from the dam (Figure 16). The secondafoivree hand auger locations
(D, E, and F) was an additional 36 m upstream (féidir). The next hand auger
location (G) was an additional 73 m upstream. flied hand auger location (H) was
located approximately 140 m further upstream.otalf the hand auger survey
extended approximately 261 m upstream from the dam.

The rationale for the hand auger locations waskmis: A, C, D, and F were
augered to locate side wall depths for determipirigdam channel geometry. B, E,
G, and H were augered to determine the maximumhdegpgmpounded sediment and
pre-dam channel gradient. All locations were usethlculating grain size
composition and volume. Also, all holes were aadamtil drilling refusal were
encountered.
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Sediment Plain Survey
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Figure 14: Impounded sediment area and hand auger/soil sdogaltons
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Impounded Sediment Longitudinal Profile
26

Parcel 88 > Parcel 87 Inaccessible ———|

24

A A
22 ?

E_ 2

?
s |

Elevation (meters above sea level)

16
DAM — Impounded Sediment Surface
/ Original Streambed
14 Buried Dam Surface 1
= Drilling Refusal
12 T T T T T
0 100 200 300 400 500

Distance Upstream from Dam (meters)

Figure 15: Longitudinal profile of impounded sediment witlethre-dam streambed located from the
base of the dam and drilling refusal

Cross-sectional Profile of Channel Looking Upstream Through Soil Borings A, B, and C
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Figure 16: Cross-section of impounded sediment channel \ithpre-dam stream channel located
from soil borings A, B, and C
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Cross-sectional Profile of Channel Looking Upstream Through Soil Borings D, E, and F
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Figure 17: Cross-section of impounded sediment channel \ughpre-dam stream channel located
from soil borings D, E, and F

5.2.2.b Equipment

Each location was drilled using a hand auger. Adrel auger consisted of an 8 cm
core barrel and 1.2 m rod extensions.

5.2.2.c Sampling

Soil samples were collected from the auger’s cgstiat approximately 0.15 m
intervals. Characteristics such as depth, moisaaiktype, color, plasticity,
permeability, odor, and other observable featuresewecorded. Each sample was
collected and stored for future analysis in seal@ip-lock™ bags. Each bag sample
was labeled with a sample identification specifidts location, sample interval, date,
and sampler’'s name. Each soil boring location avagered until drilling refusal was
encountered.

5.2.3 Soil Sample Description

The clay, silt, sand, and gravel percentages wamnated for each sample. Clay and
silt particles were defined as being less than®r@limeters (mm) in diameter.

Sand particles were defined to be between 0.063anm?2 mm in diameter. Gravel
was defined to be greater than 2 mm in diameteil nsaterial estimated to be
predominantly clay and/or silt was analyzed foisptaty and rated either low,
medium, or high plasticity based on the followingthod:
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1) Roll a small amount of wet soil between a pahd fingers until it forms a
long, round thread about 3 mm thick.

2) Rate as follows:

= [f the thread is formed, but easily broken and carte returned to its
former state (Low Plasticity)

» |f the thread is formed and not easily broken talten attempted to be
rolled to a thread-like state again, it cannotdrened (Medium
Plasticity)

= |f the thread is formed and, when broken, it camdfermed several
times (High Plasticity)

The sand grain size was estimated by tactile aswhVinspection. Sand sizes were
classified as ranging from very fine, fine, mediwoarse, or very coarse. If gravel
size particles were present, the largest diamétitredargest particle was measured
and noted. In addition, moisture content was tgialely described as dry, damp,
moist, or wet. Determination of the samples’ maistcontent was made based on
tactile and visual observations.

5.2.4 Wet Sieve Analysis

Wet sieve analyses were performed on six soil sasrpl calibrate the estimated soil
classification made by tactile and visual obseorati The analysis was performed
using the laboratory methods as described in ApgeBd The percent retained was
calculated by the following method:

1) The weight of the wet soil and the percent wateight of the wet soil were
used to calculate the dry weight of the soil.

2) The percent of soil retained in each sieve \waa talculated by dividing
the weight retained from the dry weight.

3) The difference in the weight retained and thgioal dry soil weight was
assumed to be less than 0.063 mm portion of sedimen

The sieve results were compared to visual andeasstimates of percent
composition. Any discrepancy was adjusted accoiditigoughout the estimations.

5.2.5 Stream Survey Techniques

For the purpose of calculating sediment transpades and rates, stream slope and
width were measured and roughness was estimategde ®as measured using a
hand sight level, tape measure, and stadia rodn8asure stream slope the stadia
rod was placed at water’s edge, the hand levelusad to measure height from the
rod at a distance of approximately 15 m when pdssibhe distance between the rod
and hand level were recorded using a tape meaSlope measurements used in the
calculation of suspendibility, threshold of moti@md rate of transport were averaged
over approximately 40 to 63 m.
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Stream channel roughness was also estimated hatergh field observations.
Roughness estimates were made by comparing imdgegams with known
roughness to observed reaches of Santa Anita Cua®S, 1967). To account for
potential sensitivity of the results based on theghness coefficient, a range from
0.03 to 0.05 was used. It was determined thatinvithis range there was relatively
little difference in the suspendibility calculatismesults.

5.2.6 Impounded Sediment Volume Calculation

In order to assess the potential magnitude of sewlithat could impact downstream
infrastructure and stream habitat, an impoundeadrssd volume calculation was
performed. The downstream limit to impounded sedihwas the dam. The
upstream limit to impounded sediment was not asooisv Due to access restrictions
on Parcel 87, the impounded area was not fullystigated. In order to overcome
this obstacle, 30 m resolution DEM was used to @gprate a change in gradient.
Approximately 580 m upstream of the dam a 3 m ia®een elevation within 10 m of
stream length was noted. This location was obseiwv®e the beginning of large
cobble and boulder elements uncharacteristic oéldement plain. Therefore, this
was assumed to be the upper limit of the impoursgeliment. The border of the
impounded area was then estimated using aeriabghagthy and plotted up to the
surveyed area (Figure 14).

It was assumed that the original stream bed benkatimpounded sediment was
reached at the depths where drilling refusal wasentered during hand auguring.
The bottom of the dam was also assumed to be ¢vatedn of the original stream
bed. The height of the dam and depth of the swihlgs were used to estimate depth
of impounded sediment (Figure 15).

The volume was then calculated by breaking thetteafjthe impounded area into
seven segments. Each segment’s average widthheagstimated. Each segment’s
average depth was estimated from local soil bonmgsn available. A linear rate of
decreasing depth was used between the surveyedradtdhe upstream impounded
area limit, and from this, an average depth of esgment was estimated. By
summing each segment’s product of length, deptthwadth, we estimated the
volume of the impounded sediment.

5.2.7 Suspended Load Transport Calculation

Sediment can be transported along the stream beithas suspended load or bed
load. In order to assess the stream’s potenti@atsport sediment, we started by
calculating the suspendibility?] for a range of sediment sizes. Suspendibilitg wa
determined from flow shear velocity() and particle settling velocityx) by the
formula:
a’S
@ Ty
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Flow shear velocity’) was calculated from the acceleration of gravify the slope
of the stream’s water surfacg),(and cross-sectional average depth of floywfrom
the following relationship:

) U =,/ghs

Flow depth was estimated using selected dischd@estream channel widthvg,
and Manning’s equation to solve for velocity.( Manning’s equation was used to
calculate velocity from flow depth), slope §), and a coefficient for roughness
known as Manning’sif. The resultant equation for estimating heightloW is:

© “{Qmmf

Flow depth was calculated for a range of dischaagelscoefficients of roughness at
three cross-sections downstream of the dam (Fit@re At each of these cross-
sections, measurements of channel slope and bawnkéith were made. Cross-
section locations were chosen where channel baeks elearly defined.

Using the Weibull method of computing recurrendervals, four discharges,
estimated to be the average wet season flow, abdahd 10 year recurrence floods,
were used to calculate suspendibility. These disys were 0.05, 0.8, 13, and 17
mS/s, respectively. These discharges and respeetiterence intervals were
estimated from 16 years of daily discharge datlktma Creek and Gaviota Creek.

Additionally, the average wet season flow was usEais was calculated from 183
days of an average year with the highest flow. aVerage of these days was
calculated to be 0.05%s. This discharge represents a more common fawlition
experienced in the wet season. Still this meanageewet season flow is greater than
the estimated modal flow of 0.02%s. Therefore, there will be many days with less
sediment transport occurring than predicted byntoeel.

For each cross-section the height of flow with edisksharge was calculated. The
flow shear velocity y*) was then determined for each cross-section asuhdige
using equation (2).

Particle settling velocityds) was calculated using Filtration & Separation.com’
online tool for determining settling velocity wistoke’s equation for particles less
than 0.063 mm in diameter and Heywood's tablesdiaer particles (Filtration and
Separation.com, n.d.). Variables for determinietlieg velocity include particle
size, particle density, fluid density, and fluideosity. The settling velocity was
calculated for the following particle sizes: 0.06&), 0.125 mm, 0.25 mm, 0.50 mm,
1.0 mm, 2.0 mm, 4.0 mm, 8.0 mm, 16.0 mm, 22.6 nix() 8 :1m, 45.0 mm, and 64.0
mm. Particle density, fluid density, and fluid c@sity were kept constant at 2,650
kilograms per cubic meter (kgfn 1,000 kg/m, and 0.001 Pascal seconds (Pa s),
respectively. Knowing the particle settling velyand flow shear velocity and using
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equation (1), the suspendibility was calculatedefach particle size at each cross-
section for each discharge. See Appendix C farlgdbd results.

5.2.8 Threshold of Motion Calculation

Bed load is the material that is moved along theash bottom by rolling and sliding.
Bed load also forms the channel bed when it iestbetween transport events. In
order to assess the discharges necessary toemtiation of specific sizes of bed load
particles, a calculation was performed to deterntieecritical depth of flow required.
This calculation used the following formula:

(4) hc - k(ps ;pp)DSO

whereh. is the critical depth of flow required to initigp@rticle motion for bed load
with a specified mean grain sizes(); o is the density of the sediment (assumed to
be 2,650 kg/rf); pis the density of water (1,000 kgns equals the average slope of
the stream surface through the cross-sectionkasmd constant that ranges from 0.03
to 0.09, but is most commonly about 0.05.

By calculating the threshold of motion for a ramjerain sizes, the critical depth of
flow can be determined and compared to the flowtldapeach cross-section and
discharge. With the critical depth known for peldisizes, the discharg®) required
to produce that depth of flow at each cross-sedi@etermined from the following
relationship:

% %
LI

n

(5)

wherew equals channel widtls,is the slope, and is Manning’s roughness
coefficient assumed to equal 0.05. Once the digeh@ecessary to move a specific
particle size was known, the percent of the aveyage at which that flow is
exceeded were estimated from tabulated or plottedezlence values versus flow
values. See Appendix D for tabulated results.

5.2.9 Volume Bed Load Transport Rate Calculation

To understand the relationship of bed load trartsjde and conditions measured at
each cross-section, we used the online morphodynamodeling program known as
Acronyml_R (Parker, 1990), which computes sedirtransport and bed grain size
composition changes for a series of cross-sectitwrg a channel. Calculations were
made for four discharges: the estimated averageseason flow and the 1, 5, and 10
year estimated return interval flows of 0.05, A8, and 17 riis, respectively. These
calculations were performed for three differentigisaze distributions to test for
sensitivity. The grain size distribution differ&scincluded geometric means of 38.5
mm, 21.0 mm, and 9.62 mm with geometric standawhtiens of 2.35, 2.4, and

2.61, respectively. These grain size distributiese chosen based on pebble count
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data from an upstream pool (geometric mean of @) and adjusted coarser and
finer distributions (geometric means of 38.5 mm ar&®, respectively) from the
original pebble count data. These grain size thistions represent a range of possible
conditions that were analyzed to evaluate sedirtmansport rate sensitivity to grain
size distribution.

Additional variables necessary for the bed loadgpart rate calculation included the
sediment’s specific gravity, assumed to be 2.6&nokl slope and width, and a
roughness factor gnhof 2. This roughness value is suggested by tltigoa (Parker,
1990). The output included the volume bed loadspart rate per unit width, Shield’s
number based on surface geometric mean size, #pthdshear velocity, and the
resultant bed load grain size distribution, georoetrean, and standard deviation.
See Appendix E for tabulated input and output #atetrial run.

The purpose of these calculations is not to madeeaific prediction of what will
happen in Santa Anita Creek because the fate oimpeunded sediment depends on
the magnitude and sequence of rainstorms that @as@urseveral years after dam
removal. Since these factors are essentially uwkbte in advance, the analysis is
meant only to illustrate the general nature (siectistribution patterns of grain size
and relative volumes accumulated or transporteshhatt is to be expected if selected
discharges, typical of the region, were to occuowiver, the 1, 5, and 10 year
recurrence peak discharges chosen in these cabniddtave relatively short
durations. Yet, flows of these magnitudes are kmtwcarry most of the sediment
from small watersheds in a Mediterranean climate.

5.3 RESULTS

5.3.1 Sediment Calculations

The fate and transport of the impounded sedimestmadeled from the dam to the
estuary using sediment transport calculations.e&lchannel cross-sections were
located downstream of the dam (Figure 18). Cressien One (20 m downstream
from the dam) had a stream slope of approximat€lg,Qvidth of 11.9 m, and
estimated roughness of 0.05. Cross-section Tw 12lownstream of Cross-
section One) had a stream slope of approximat@a) width of 3.5 m, and
estimated roughness of 0.05. Cross-section TH&® rh downstream of Cross-
section Two) had a stream slope of approximatél9@, width of 4.0 m, and
estimated roughness of 0.05 (Table 1).

Table 1: Channel characteristics at each cross-section downstream of the dam
Cross- Distance Downstream Average Stream | Channel Manning's
Section from Dam Slope Width Roughness

1 20m 2% 119 m 0.05
2 140 m 0.6% 35m 0.05
3 620 m 0.04% 40m 0.05
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Figure 18: Location of cross-sections in the reach of Sam#aACreek downstream of the dam

5.3.2 Impounded Sediment Volume

The estimated impounded sediment volume was caétlita be approximately

100,000 m.
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5.3.3 Impounded Sediment Characterization

Original visual and tactile estimates of grain sieenposition tended to
underestimate the amount of very fine to fine gedisand. As such, silt and clay
percentages were slightly overestimated. Thisrépancy was adjusted throughout
the sample estimates (Appendix B). No other paibéinaccuracy was noted in the

samples’ estimated composition.

The impounded sediment grain size distribution astgnated by summing up each
sample’s clay, silt, sand, and gravel percentagdsageraging them. The estimated
distribution was: 62% clay/silt, 35% sand, and 3%&vgl (Figure 19 below).

Sampled Impounded Sediment
Estimated Percentages as Silt/Clay, Sand, and Grave |

Gravel
(>2 mm)
3%

Sand
(>0.063 mm
and <2 mm)
35%

Silt/Clay
(<0.063 mm)
62%

Figure 19: Sampled impounded sediment grain size distribution

To estimate very fine (0.063 mm), fine (0.125 mmgdium (0.250 mm), coarse

(0.50 mm), and very coarse (1.0 mm) sand percesthgesieve results were used.
Four of the sieve results were believed to havedeéable results and were therefore
used in this approximation. The percentage retbgemerally decreased as sieve size
became coarser, indicating that the majority ofsb@iment was fine grained (Figure

20).
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Four Samples of Impounded Sediment
Average Percent Retained from Sieve Analysis

Very Coarse Sand
1mm
3%

Coarse Sand
0.5 mm
7%

Medium Sand
0.25 mm
Silt/Clay 6%
<0.063 mm

52%

Figure 20: Average results from four sieve analyses of theoumded sediment

5.3.4 Soil Organic Content
Organic content of the six sieved samples rangeddas 1.6% and 6.3%.

5.3.5 Suspendibility

The greater a particle’s ability to suspend inatrdlow, the higher its rate of
removal to downstream reaches. Particles thatamsported while fully suspended
within the water column are known as the streandsiwload. Particles that are not
suspendible and are instead transported by rddliftydragging along the stream’s
bed are known as bed load. Particles that areppatuspended and bounce along
and become stored in the stream bed are considespendible bed-material load.
Suspendibility increases with decreasing partide and increasing discharge. The
ability of Santa Anita Creek to suspend sedimert eadculated for particle sizes
ranging from very fine sand (0.063 mm) to 64 mnwvgtdor the three cross-sections
at discharges of 0.05, 0.8, 13 and I¥sn(iTable 2). These discharges were estimated
to be the average wet season flow and 1, 5, ary@dOreturn interval flows,
respectively.
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Table 2: Results from suspendibility calculations showing which particle sizes will
transport via suspension or as bed load at three cross-sections under four flow
conditions. These calculations used a Manning's roughness of 0.05; a slope of 0.02,
0.006, and 0.0004 for Cross-sections 1, 2, and 3, respectively; and a channel width of
11.9 m, 3.5 m, and 4 m for Cross-sections 1, 2, and 3, respectively.

Average Wet Season Flow Flow Recurrence of 1 Yrs
Cross-section Cross-section
1 2 3 1 2 3
Flow
(m®/s) 0.05 0.05 0.05 0.8 0.8 0.8
Particle
Size (um) Suspendibility Suspendibility
63 5.8E-02 5.8E-02 1.5E-01 2.5E-02 | 2.5E-02 | 6.7E-02
125 2.0E-01 2.0E-01 5.3E-01 8.6E-02 | 8.7E-02 | 2.3E-01
250 5.5E-01 5.5E-01 1.5E+00 24E-01 | 2.4E-01 | 6.4E-01
500 | 1.3E+00 1.3E+00 | 3.4E+00 5.6E-01 | 5.6E-01 | 1.5E+00

1000 | 2.6E+00 2.6E+00 6.9E+00 1.1E+00 | 1.1E+00 | 3.0E+00
2000 | 4.6E+00 4.7E+00 1.2E+01 2.0E+00 | 2.0E+00 | 5.4E+00
4000 | 7.6E+00 7.6E+00 2.0E+01 3.3E+00 | 3.3E+00 | 8.8E+00

Flow Recurrence of 5 Yrs Flow Recurrence of 10 Yrs
Cross-section Cross-section
1 2 3 1 2 3
Flow
(m®/s) 13 13 13. 17 17 17
Particle
Size (pm) Suspendibility Suspendibilit
63 1.1E-02 1.1E-02 2.9E-02 1.0E-02 | 1.0E-02 | 2.7E-02
125 3.7E-02 3.7E-02 9.8E-02 3.4E-02 | 3.4E-02 | 9.1E-02
250 1.0E-01 1.0E-01 2.7E-01 9.5E-02 | 9.5E-02 | 2.5E-01
500 2.4E-01 2.4E-01 6.3E-01 2.2E-01 | 2.2E-01 | 5.9E-01
1000 4.9E-01 4,9E-01 1.3E+00 45E-01 | 4.5E-01 | 1.2E+00
2000 8.7E-01 8.7E-01 2.3E+00 8.0E-01 | 8.1E-01 | 2.1E+00
4000 1.4E+00 1.4E+00 | 3.7E+00 1.3E+00 | 1.3E+00 | 3.5E+00
Notes:

Suspendibility should be <0.8 to 1.0 to be transportable
Wash load is approximately <0.1 |
Suspendible bed-material load is >0.1 and <1.0
Wash load

Suspendible bed-material load
Non-suspendible bed load

Suspendibility calculations indicate whether p&saowill be transported as bed load,
suspendible bed load, or wash load in each oflthean flows at varying distances
downstream of the dam. Cross-sections One andekdibit higher abilities to
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suspend sediment, while the lower most cross-sedimss-section Three, has a
shallower slope, resulting in decreased streanctitgland capacity for suspension.
Therefore, gravels and cobbles will compose therhatérial near the dam and sands
will compose the bed material near the railroaderlsince larger particles will fall
out of suspension at steeper slopes and finerfallilbut with less steep slopes.

At average wet season flows very fine grained séd@63 mm) will be transported
in suspension beyond Cross-sections One and Twasedspendible bed-material
load by the time they reach Cross-section Thregring these same flows 0.25 mm
sands will be transported as suspendible bed-rahtead and slow in their rate of
transport as bed load by the time they reach Cses8en Three. Particles greater
than 0.5 mm will be transported as bed load thradbgiss-sections One and Two,
and those greater than 0.25 mm will be transpaseioled load through Cross-section
Three.

At flows with estimated recurrence intervals oféelay, fine grained sands (0.125 mm)
will be transported in suspension beyond CrossagesOne and Two and as
suspendible bed-material load by the time theyhr€&oss-section Three. During
these same flows, 0.50 mm sands will be transp@gestispendible bed-material load
and slow in their rate of transport as bed loadheytime they reach Cross-section
Three. Particles greater than 1.0 mm will be fpan®d as bed load through Cross-
sections One and Two and those greater than 0.5Withive transported as bed load
through Cross-section Three.

At flows with estimated recurrence intervals ofdéays, fine grained sands (0.125
mm) will be transported in suspension beyond Ceesdions One, Two, and Three.
During these same flows 2.0 mm and 1.0 mm sand$®iransported as suspendible
bed-material load and slow in their rate of tramsps bed load by the time they reach
Cross-section Three. Particles greater than 4.0amtirbe transported as bed load
through Cross-sections One and Two, and thoseegréestn 1.0 mm will be
transported as bed load through Cross-section Three

At flows with estimated recurrence intervals ofyBars, medium grained sands (0.25
mm) will be transported in suspension beyond Ceesdions One and Two and as
suspendible bed-material load by the time theyhré€&oss-section Three. During
these same flows 2.0 mm and 1.0 mm sands willdmsprorted as suspendible bed-
material load and slow in their rate of transparbad load by the time they reach
Cross-section Three. Particles greater than 4.0anirbe transported as bed load
through Cross-sections One and Two, and thoseegréestn 1.0 mm will be
transported as bed load through Cross-section Three

5.3.6 Summary of Transport Mode

Our calculations show that the majority (approxietat2 to 75%) of the impounded
sediment will move in suspension when the creekdlaeven at the estimated
average wet season flows. The faster the crefédwing, the more sediment will
move, and the larger sediment particles will marghier. At the estimated 10 year
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recurrence flow, fine sand and finer materials (apinately 74 to 84%) will be
transported quickly beyond Cross-section Threet ven the flow slows down it
will move less sediment because slower stream imsavill not suspend larger
sediment particles. As a result, larger sedimartigles will deposit on the creek’s
bottom instead of moving fast with the suspendelihsent. We expect gravel and
cobbles to be stored between Cross-sections Onéwo@nd sands to be stored
between Cross-sections Two and Three. Since theneich more fine material than
gravels and cobbles impounded behind the dam, evearcerned that sands might
accumulate in a way that might harm downstreamtaibr infrastructure. The clay,
silt, and fine sand will make it past the railrcadvert and at least as far as the
estuary during typical peak flows. Our expectatiassume that the flows are diluted
with enough water to prevent a highly viscous mod/fwith a low flow velocity
from flowing to downstream culverts or the estuary.

5.3.7 Threshold of Motion

We calculated the stream flow required to moveiglag of different sizes using
equations (4) and (5). As bed load grain sizeciases at a single cross-section, fewer
flows are capable of moving the larger particl&able Three shows the number of
days of a typical wet season’s flow that would s@ort particles of each chosen grain
size. The frequencies shown are slight underetgsa the expected frequency of
transport because they are based on daily averaties than instantaneous peak
discharges, which are not available. Howeverstheam pattern and general
magnitudes should be approximately correct. A canspn of Cross-sections One
and Two indicates that there is no difference betwihe flows required to move a
particle for any of the grain sizes analyzed evwugih there is a difference in
gradient by a factor of three. The differencelaps is compensated by a decrease in
channel width by a factor of 3.2 at Cross-sectiao Bs compared to Cross-section
One. The narrower channel creates a deeper, arefdhe faster, flow as compared
to the same flow through a wider channel. Howethee is a noticeable difference
between these upstream cross sections and downs@tesss-section Three. At
Cross-section Three the majority of particles gretitan 2 mm are unlikely to move
during the average wet season flow. Meanwhilesdglsame flows will move up to

11 mm gravels at least once per year at Crossesscne and Two.
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Table 3: Days of the year the threshold of motion is excdduesed on calculated wet season average
daily flow. The number of days exceeded underestimates th&égueency of transport because it is
based on daily average discharges rather thamiasi@ous peak discharges, which would be larger
than the daily average.

Cross-section 1 2 3
Slope 0.018 0.0062 0.0004
Mean Particle Size (mm) Days Exceeded

128 <1 <1 <1

90 <1 <1 <1

64 <1 <1 <1

45 <1 <1 <1

32 <1 <1 <1

226 <1 <1 <1

16 <1 <1 <1

11 2 2 <1

8 6 6 <1

5.6 17 17 <1

4 29 29 <1

2.8 49 49 <1

2 67 67 <1

1 96 96 1

0.5 175 175 36

Overall, the threshold of motion results prediattighes equal to or greater than 16
mm will not be moved during average wet seasondlofdditionally, any particle
greater than 1 mm will rarely move beyond Crossigsed hree. Therefore, we
expect coarse sand and larger particles that toaingpough Cross-sections One and
Two to deposit between Cross-sections Two and Three

5.3.8 Bed Load Transport Rate Calculation

Since the results of our bed load transport ratutations are not calibrated to steep,
gravel bedded streams, we use the results to makeagive conclusions that are
relative to the difference in flux between paircofss-sections (Table 4). The bed
load transport rate results show that, under marsdlitions analyzed, the range of
grain size has a large effect on the volume of natansported. In the lower
discharge scenarios (average wet season and tegearence flows), as the mean
grain size increased, the bed load transport eteedsed by several orders of
magnitude. This effect was reduced as dischargeased. However, even under the
higher discharge scenarios increased mean grarcairses a several order of
magnitude drop in the rate of transport at Crossia@ Three. Therefore, we can
conclude that the greater the mean grain size lieangported downstream of the
dam the longer it will take to transport beyond €3gection Three.

During the average wet season flow, differencagan size did not affect the
percent of bed load sediment stored at each re@omparing the other discharge
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results, a pattern was observed of increased pest@ed between Cross-sections
One and Two as the mean particle size increasedther words, the larger the
average particle size the more likely it is to twed in the area just downstream of
the dam. Alternatively, the finer the average ipktsize the more likely it will be
transported past Cross-section Two.

Under average wet season flow conditions, 77 %@bied load (particles greater
than 0.50 mm) volume transported through Crosgese€ne is retained before
reaching Cross-section Two. Similarly, 77% of jées greater than 1.0 mm are
retained between these cross-sections under Igtean interval flows with the
smaller mean particle size. As flows increase pgreentage of bed load volume that
is retained before reaching Cross-section Two as#s. In all cases, virtually all of
the bed load volume transported through Crossesedio is retained before
reaching Cross-section Three.

From our results of the sediment analysis we grdtei the majority of the impounded
sediment that will be transported as bed load tbrise than gravel size particles and
therefore closer to the finer grain size distribaotof 9.6 mm. Under this scenario we
see the transport rates decrease significantllyeaseédiment moves downstream
under all discharge scenarios. This is espedialycase, between Cross-sections
Two and Three. Since the higher discharge evettlsrecurrence intervals of 5 and
10 years are only expected to occur over the cafraeday or two per 5 and 10 years
on average, respectively, the highest probabilityozcurrence are the lower discharge
events, average wet season flow and the 1 yeamreace flow. Under these lower
flow conditions the difference in transport rateCabss-sections One and Two versus
Cross-section Three is between 11 and 13 ordersaghitude. However, during the
higher flow conditions the difference in transp@ate at Cross-sections One and Two
versus Cross-section Three is between 6 and 7ood@nagnitude. This result
suggests that the larger recurrence interval fleanes will transport a relatively
larger proportion of the delivered and stored sedits beyond Cross-section Three
than the higher probability and lower dischargenésie Therefore, bed load
sediments will be transported beyond Cross-sectimesand Two and be stored
between Cross-sections Two and Three until larfyeqnent 5 year recurrence or
greater storm events are able to flush a relatikabyer proportion of the held up
sediment beyond Cross-section Three. See Appéntbxk tables of the bed load
transport rate calculations and resulting bed fyragh size distributions.
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Table 4: Bed load transport rate results for the average wet season, and 1, 5 and 10 year recurrence flows; for substrate with
geometric mean distributions of 9.5 mm, 21 mm, and 39 mm; and at each cross-section. Additionally, the difference in percent
retained between cross sections for each scenario is presented. Note: the model used to calculate bed load transport rates is not
calibrated to Santa Anita Creek. Therefore, the results should be compared for relative differences and not as an anticipated actual
rate of bed load transport.

Return Interval Scenario Avg Wet Season Flow Q1 Q5 Q10
Cross-Section 1 ‘ 2 ‘ 3 1 | 2 | 3 1 | 2 ‘ 3 1 ‘ 2 ‘ 3
Discharge (m */s) 0.05 0.8 13 17

Geometric Mean of Grain Size Distribution = 9.6 mm

Bed Load Transport Rate
(m®day) 1.0E-07 | 2.4E-08 | 1.3E-21 | 2.2E+01 | 5.1E+00 | 9.6E-11 | 6.6E+03 | 9.3E+02 | 2.3E-04 | 9.1E+03 | 1.1E+03 | 2.1E-04

Flux Retained Before
Downstream Cross-
section 7% 100% 7% 100% 86% 100% 88% 100%

Geometric Mean of Grain Size Distribution = 21 mm

Bed Load Transport Rate
(m%day)) | 4.0E-12 | 9.1E-13 | 5.0E-26 | 5.3E-01 | 8.4E-02 | 3.3E-15 | 3.7E+03 | 3.5E+02 | 1.5E-12 | 2.1E+03 | 6.4E+01 | 5.3E-08

Flux Retained Before
Downstream Cross-
section 7% 100% 84% 100% 90% 100% 97% 100%

Geometric Mean of Grain Size Distribution = 39 mm

Bed Load Transport Rate
(m®day) 1.6E-15 | 3.8E-16 | 2.0E-29 | 3.2E-04 | 4.2E-05 | 1.3E-18 | 1.4E+03 | 7.6E+01 | 9.7E-13 | 2.5E+03 | 8.2E+01 | 4.4E-12

Flux Retained Before
Downstream Cross-
section 77% 100% 87% 100% 95% 100% 97% 100%




5.4 SEDIMENT DISCUSSION

5.4.1 Rate of Impounded Sediment Erosion

By comparing the estimated volume of stored sedir(i0,000 ) with measured
suspended sediment loads of nearby streams, wgetam idea of the significance of
releasing the impounded sediment as a result ofréaroval. The USGS has
monitored suspended sediment discharge at fouksrezar the town of Goleta and
one creek in the City of Santa Barbara. Theseksrage Atascadero, San Jose,
Tecolotito, and Mission Creeks, respectively. idey to compare these discharges
with that of Santa Anita Creek, we scaled the afesach basin to Santa Anita’s.
Results, scaled to Santa Anita Creek Watershed iadiaated a range from 45 to
660 nt of suspended sediment per yearf/gm). Unfortunately, these creeks were
monitored during non EI Nifio years (Golden Gate iWeaServices, 2007). As a
result, the upper magnitudes of sediment yield oaba compared. This range gives
an estimate background suspended transport rat&afa Anita Creek during non-
El Nino years (USGS, 2005).

To better understand a long-term average sedimschalge rate that includes effects
of El Nifio cycles, we looked at long term recorfibasins with similar
characteristics. Santa Barbara County Water Ageatyulated a sedimentation rate
of 640 n? per knf per year over 25 years for Gibraltar Reservoudntral Santa
Barbara County (Gabet & Dunne, 2003). The Gibralatershed has average slope
angles of 36 degrees on shales and sandstonesalnagenrral. Calibrating this rate

to Santa Anita Creek watershed, we expect an agesegjment delivery rate of 5,200
m® per year. At this average rate of sediment tranisthe impounded sediment
would be removed in 19 years.

On the other hand, a study determined sedimentedtes of closer to 12,000%mer
year (calibrated to Santa Anita Creek watershed)aeeraged over two years for the
combined Maria Ygnacio, Atascadero, San Antonid, &an Jose watersheds after a
fire burned approximately 24% of their combinedaareDuring these two years these
watersheds received 100% and 115% of their averageal rainfall with a 10-year
return period storm and several two year returiodestorms. The more heavily
burned sub-basins are made up of easily erodilitosies and sandstones, have
channels with widths ranging from 3 to 6 m and Heif 2 to 5 m, and are
approximately 20 km east of Santa Anita Creek veaied (Keller et al., 1997).

Using this average rate of sediment transportinipwunded sediment would be
removed from the impounded area in 8 years.

5.4.2 Bed Load Depositional Pattern

Bed load material composed of sand and gravelddhge 0.5 mm was analyzed for
the probability of flows large enough to exceedhit®shold of motion. The results
show gravel sized particles will move downstreamerfeequently closer to the dam
as opposed to near the estuary. Again, this faqnaidicates a transport rate reduction
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between Cross-sections One and Two. However, thenecertainty about the rate at
which the impounded sediment will be mobilized, infthe most extreme scenario,
all the impounded sediment were to mobilize inngl& event, then 13,000 to 20,000
m? is predicted to reduce its rate of transport ddveasn of Cross-section Two to
non-wash load or bed load and potentially impaetdhlvert’s ability to manage the
discharge. This impact would include a reductiothie culverts’ flow conveyance
capacity. Such a reduction in conveyance capaoiyld cause increased flood risk
and associated damages from water and silt inwordati

Conversely, sorting of gravels near the dam masease steelhead spawning habitat
closer to the estuary. Steelhead can reach théseren during the driest wet
seasons. As a result, gravels stored between-Seati®ns One and Two might
provide conditions suitable enough for spawningndagg upstream culvert regrade
activities or future wetter seasons.

5.4.3 Suspendible Sediment Depositional Pattern

Since the majority of the sampled impounded sedinsetonsidered to be
transportable as suspended sediment, we expegdtien to be transported
downstream even during normal wet season flowsweyer, peak flows are
expected to move more material. These peak floWs$ransport larger particles as
suspended load, thereby transporting them fastéfaather. But even under the
largest peak flow analyzed (the flood that is presti with a recurrence of 10 years
on average), we expect coarse sand to drop outspession before the railroad
culvert. This trend was confirmed by observatiohthe bed material in this area.
Coarse sand was found deposited upstream of tkiertaind throughout the length of
the culvert. Coarse sand and coarser material ma@pproximately 6 to 13%
(6,000 to 13,000 fi) of the impounded sediment composition. In additunder
lower flow conditions, finer sand materials wilsalaccumulate in this area. Finer
sand makes up an additional 25% of the impoundeithsait (25,000 7).

The above analysis suggests that there is a paitémtiup to 38,000 rhof sand and
gravel to accumulate in the vicinity of the raildoeulvert. Depending on rate of
deposition near the culvert and transport throlghculvert, such a volume could
potentially block the culvert entrance, rendering tulvert useless. Furthermore,
blocking the culvert would act to store stream wathind the railroad fill like a

dam. It is not known to what degree this fill Gpport accumulated water without
causing damage to the railroad. Also, infrastmectypstream from the culvert and on
the floodplain may become inundated and potentadinaged by flood waters and
silt.

5.4.4 Habitat Impacts

Because it is possible for a significant amourgediment impounded behind the
dam to flow in a single wet season (El Nifio ye#ny important to understand the
mode of transport and corresponding rates. By rstaleding the mode and rate of
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transport we can make inferences as to where \aty@es of material might
possibly be stored.

The sediment analysis and suspendibility calculatidetermined that the majority of
the sampled sediment will be transported in suspendHowever, our suspendibility
calculations indicated that a portion of the impdesh material that is suspendible
closer to the dam will not be suspendible downstreaar the railroad crossing
(Cross-section Three). This result suggests beatate of sediment transport will
decrease as it makes its way downstream. Thiofatecrease appears to be slight
but could be problematic. For example, based erhigh probability 1-year
recurrence discharge approximately 74% of thisrsedt will be transported as wash
load. As it moves toward Cross-section Three thshwoad fraction will decrease to
65%. In other words, approximately 9% (maximun® @00 nf) of the sediment will
be retained for some time as stream bed materbirerefore will travel more

slowly than the water, accumulating briefly agatvels between Cross-sections Two
and Three. During the same size flow, nearly falhe remaining size classes of
impounded sediment will transport downstream apesuded bed load. Similarly, a
small fraction of the sediment (~7%, maximum of ,0) between Cross-sections
Two and Three will become bed load material witkduced transport rate.

Additionally, based on the lower probability 10-yeacurrence discharge
approximately 80% of this sediment will be trandgpdras wash load. As it moves
toward Cross-section Three the wash load fractitindecrease to 74%. In other
words, approximately 6% (maximum of 6,008)of the sediment will be retained
for some time as stream bed material and ther@fdré&avel more slowly than the
water, accumulating briefly as it travels betweendss-sections Two and Three.
During the same size flow, nearly all of the renvagrsize classes of impounded
sediment will transport downstream as suspendeddagd Similarly, a small
fraction of the sediment (~6%, maximum of 6,00%) between Cross-sections Two
and Three will become bed load material with a cedutransport rate. However, this
flow scenario has an estimated 10% chance of doguim any given yeatr.

Considering the volume of the channel downstrea@rots-section Two is
estimated to be 5,400°tassuming an average width of 3.75 m, depth of and a
length of 480 m), we can see that the 16,000mi2,000 m of sediment that could
be deposited during the 1- and 10-year recurrdooed could fill the channel and
clog the railroad culvert. The consequences ofrthiswould be clogging the railroad
culvert, channel habitat destruction, damages framdation and siltation of the
flood plain and infrastructure, and labor and ¢ostlear the culvert and channel.

At minimum, these results suggest that upstrea@ro$s-section Three the stream
bed will increase in elevation. This aggradatibthe stream bed is a normal
occurrence for streams before they return to thetiural state after dam removal.
Initial expected changes to the stream includderaliion and then re-establishment
of a wider channel than the current channel dowastrof the dam. During these
conditions there will be no pools and overall alshiger stream channel, which will
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block steelhead migration upstream. However, tieesditions will likely be
temporary, lasting on the order of 5 to 10 yeaepethding on the weather and
resulting flow conditions, as channels deepen hadtream equilibrates to its natural
state. Therefore, releasing the entire impoundddsent volume by rapid dam
removal will have a catastrophic impact on Sant@aA@reek’s habitat and will cause
high turbidity and sedimentation in the estuary emtthe surf zone adjacent to the
tide-pools for at least several years. Weathatesethe biggest uncertainty in
predicting the duration of these conditions.

5.5 DiscussIiON OFDAM AND SEDIMENT REMOvVAL OPTIONS

Based on the results of the sediment calculatiwesyere able to refine the dam
removal and sediment management options identifigohg the literature review into
four feasible options for the restoration of stealth passage on Santa Anita Creek.
The four dam and sediment removal options thaappéicable for Santa Anita Creek
are as follows:

1) Complete dam removal with natural sediment trartspor

2) Complete dam removal with partial sediment excavatombined with bank
stabilization

3) Complete dam removal with complete sediment exaavat
4) Incremental dam removal with natural sediment pans

In evaluating these four dam and sediment remagptibms, it is important to
understand the risks associated with each optiamce the dam is removed there will
inevitably be upstream and downstream impactseaatieam channel. The sediment
analysis described above provides a starting oininderstanding where and how
the impounded sediment will flush downstream ohesedam is removed. Concerns
exist on the rate of erosion and the impact thidccbave on the downstream road
and railroad culverts. In addition, there are wateality concerns due to the
persistent flow of turbid water that will adverselffect downstream habitat. This
section of the report will examine the potentiaks associated with each dam
removal and sediment management option. Tabledtimamarizes the following
dam and sediment removal options.

5.5.1 Option 1: Complete Dam Removal with NaturaBediment Transport

Natural sediment transport provides the lowest op&bn in managing the
impounded sediment due to its utilization of natpracesses to erode and flush the
impounded sediment downstream. While it is thetleapensive option, this
approach has a high risk associated with wherehandthe sediment will erode and
be deposited.

Sediment calculation results reveal up to 74% efithpounded sediment will likely
stay in suspension all the way to the estuary,enthié remaining 26% of coarser
material will likely aggrade reaches upstream efrhilroad culvert. The stream
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gradient at the railroad culvert is too shallowéss any sediment as suspendible load
larger than fine sand, even under a ten year reccerflood. This raises concerns
that as much as 16,000 wf sand and gravel could accumulate in the vigioftthe
railroad culvert. Depending on the rate of depasiof sediment near the culvert and
transport rate through the culvert, this volumelddaliock the railroad culvert
entrance. Blocking the culvert would cause wateadcumulate upstream of the
railroad, causing flooding and threats to the $tnat integrity to the railroad

crossing and nearby property. Although significdneats to the structural integrity
of the railroad is low, any potential negative iropa worthy of concern. As
illustrated by the Arroyo Hondo steelhead restoraproject, potential threats to
Union Pacific Railroad structures can halt restoraprojects in their tracks, making
this a very high risk option in terms of projeciag

Another risk associated with natural sediment fpansinvolves the potential effects
of released sediment on downstream habitat. Tivamsat the mouth of Santa Anita
has been designated critical habitat by the F&W3He endangered tidewater goby
(F&WS, 2006). Even during average wet season ftow/fine sediment impounded
behind the dam will be transported at least asagahe estuary. A turbid flow of
water entering the estuary and the ocean raiseeomnabout the persistent impact
sediment might have on the downstream reachesmi& @anita Creek, the estuary,
and offshore tide pools found along the coast.eBams the most probable annual
sediment yield for Santa Anita creek, we estimateghly turbid flow of water would
persist for between 8 and 19 years. Hollister Raand permitting agencies need to
be comfortable with the potential habitat impacsagiated with natural sediment
transport if this option is to be considered furthe

Risk is also associated with the unstable natutbeofimpounded sediment
immediately following the dam removal. The impoaddediment primarily consists
of silts, clays and fine sands, which are extrernelstable at slopes greater than ten
degrees (Skempton, 1953). The risk of a potential flow becomes a serious
concern if the saturated soil behind the dam isdeatatered prior to dam removal.
Even under a dewatered scenario, the impoundethsatiwill remain highly

unstable, especially during precipitation eventemthe saturated soils pose a risk of
mud flows which could clog the downstream road etthand railroad culvert.
Additionally, a large mudflow might completely fithe channel, effectively blocking
the migration of steelhead.

5.5.2 Option 2: Complete Dam Removal with PartiaBediment Excavation and
Bank Stabilization

Another option involving complete dam removal iseémove a portion of the
impounded sediment mechanically through excavatidms approach allows for the
engineering of an upstream channel, which reddeesncertainty of where and how
the stream channel would form through the sedimkm. However, this approach
does not resolve the risk of how the remainingrsedt will be loaded into the
stream. Because the grain size distribution ofrtimounded sediment consists
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primarily of silts, clays, and fine sands, the rermgy sediment will be very unstable
and need to be reinforced to minimize the riskbastk sloughing and mud flows.
Mechanically removing a portion of the sedimenbatstigates some of the potential
impacts to the downstream culverts and habitatuseckess sediment is available to
flow downstream. This could result in a shortedathtion of impact on the
downstream habitat that is roughly proportionahi® amount of sediment removed.

A likely scenario of complete dam removal with atiad sediment removal would
first involve dewatering the sediment plain priorainy excavation work. The
sediment plain could then be excavated and a newneh could be engineered to
match the surrounding stream gradient and charsiitsr The downstream portion
of the sediment plain currently contains the mayaof the impounded sediment and,
as a result, would require a substantial amoueko&vation and bank stabilization to
prevent sloughing and mud flows of the highly ubkaediment. Trucking would
be required to remove a portion of the excavatedrsant, which has the potential to
be stored and used as a source of fill dirt oramiéndment on the Ranch. The
remaining sediment could be stabilized along thekbdhrough both structural and
vegetated reinforcement. The upstream portioh@sediment plain, where the
stream channel is only partially filled with sedimbecould then be left to erode by
natural processes. Assuming that half of the sedirwill need to be mechanically
removed, 3,100 dump truck loads of sediment woeltrénsported through the
Hollister Ranch.

Using a partial mechanical removal with some typleamk stabilization is considered
a moderate risk and cost option for Santa AnitaeekreThis approach would be
appropriate if sediment management were requireddoce the negative effects on
downstream habitat and culverts. While downstreéfects would be minimized,
this option still results in the release of soméireent downstream. If the
management of the impounded sediment through abKigation is too expensive,
the stabilization of the impounded sediment ispussible, or the potential effects on
downstream habitat and infrastructure are too haghmplete sediment removal
should be considered.

5.5.3 Option 3: Complete Dam Removal with Complet8ediment Excavation

Complete dam and sediment removal has high costever, this option also has the
lowest level of risk. Complete mechanical remqualvides the greatest control on
the fate and transport of the impounded sedim&he benefit from this approach is
that it minimizes the impact on the road and raitculverts and reduces the impact
to the migration corridor and estuary habitatadidition, full excavation allows for
the opportunity to define the upstream channeledmilinate the uncertainty in how
the channel might form naturally. After the exdawa process, a gravel-bed channel
with natural dimensions, pool morphology, and cteired sediment can be
engineered and reinforced with native vegetatidmclvwill increase habitat value
for the southern steelhead. This option also hashortest duration, lasting only a
few months. As a result, the dam and the impousgéeiment could be completely
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removed and passable to fish in a very short pertadthermore, the impounded
sediment has the potential to be stored and usadasrce of fill dirt or soil
amendment on the Ranch. If the impounded sediownitl not be used as fill dirt, it
would have to be trucked off site.

Complete dam and sediment removal is considerethtist conservative option
because it manages the fate of the impounded satiiméhe highest degree possible,
and therefore has the lowest level of risks. Havethis option also has higher
costs.

5.5.4 Option 4: Incremental Dam Removal with Natual Sediment Transport

Incremental dam removal combined with natural sedintransport offers the most
controlled scenario for managing downstream impafctee impounded sediment, a
significant benefit from a biological and geotedatistandpoint. In addition, this
option minimizes the risk of clogging or fillingeldownstream culverts or estuary.
However, impacts from sediment and mud flows, iasnmeg turbidity, would exist
over a longer time period. In addition, extending dam removal phase creates a
different set of uncertainties. Costs and uncetitzs are expected to increase due to
a longer project management period, requiring teaingologists, engineers, and
contractors to make many trips to the job site tanthonitor the impacts. Also,
prolonging the removal process could threaten tifiglgy and safety of the
remaining dam structure, due to flooding or erogwents. The prolonging of the
removal process increases monitoring, stabilizagioth engineering requirements.
Finally, steelhead passage on Santa Anita Creekawatilbe restored until the dam
was completely removed, postponing the achievemiemstoration goals.
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Table 5: Pros and Cons of Dam Removal Options

Dam & Sediment

Management Considerations Costs* Risk
Options
Longest impact of high turbidity
on downstream habitat
Large amounts of sediment
Complete Dam may clog downstream culverts
Removal with Natural causing flooding Lower Higher
Sediment Transport Least invasive to the project
site and least time intensive
Highest concern for potential
mudflows
Greater engineering expertise
and artificial stabilization
Complete Dam materials required
) . Increased amount of
Removal with Partial stabilization to prevent bank
Sediment Excavation fai Moderate Moderate
and Bank ailure .
Stabilization Sho_rtgr duration of downstream
turbidity
Medium concern regarding
mudflows and sediment
Longer time and higher effort
Complete Dam Less stabilization required,
Removal with excavation and disposal of .
Complete Sediment majority of sedimer?t Higher Lower
Excavation Less monitoring and risk from
remaining sediment impacts
Dam site may not remain
stable for duration of project
Incremental Dam Reaui it
Removal with Natural €quires hUMerous visits over Higher Moderate

Sediment Transport

the course of years
Long term impacts to water
quality

*Cost estimates for the dam and sediment removamprange from one to three

million dollars

6.0 BARRIER ASSESSMENT

DFG protocol was followed to evaluate the extenwkoch each stream crossing acts

as a barrier to upstream steelhead migration.os fliagram outlining the steps
taken to complete this overall process is foundppendix F.

6.1METHODS ONE

6.1.1 Stream Crossing Identification

The first task necessary in the assessment ofrtpadt of Santa Anita Creek’s
barriers on steelhead upstream migration was ttifgehe barriers. Discussions

57




with our client and site reconnaissance revealedrsstream crossings, including one
railroad culvert, one main road arch culvert, fAuizona crossings and one low flow
crossing (Figure 21).
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Figure 21: The stream profile of Santa Anita Creek, cal@ddtom the National Elevation Dataset
(NED) (USGS, 2008a). The stream profile, due ®oNHED’s coarser resolution (30 m) and averaged
raster cell values, has inherent error within theve — creating misleading results, including dtke-
jumps in profile elevation. The main purpose & profile is to indicate the location of the vasou
fish passage barriers. The red line indicatesthey areas of this project and the black linedatis
reaches that were inaccessible to us.

Once identified, the following measurements of ediwharacteristics were taken at
each stream crossing:

= Culvert length, height (or diameter), and width

= Culvert slope (the difference between inlet andebuivert elevations)

» Culvert type, installation, and material

» Culvert condition

6.1.2 Fish Passage through Stream Crossings

Following DFG protocol, each stream crossing wadueated using the first-phase
passage evaluation filter. See Appendix F fooa ftliagram outlining this

evaluation filter (Love & Taylor, 2003). This flodiagram allows for the initial
assessment of fish passage at each culvert byagwajispecific culvert parameters,
including culvert slope, channel width, and cuhartlet drops to downstream pools.
With this information, the flow diagram assignsleaalvert a color: GREEN, GRAY
or RED. GREEN indicates that all species of flslotighout all life stages can pass
through the crossing. GRAY indicates that the girggmay be a partial or temporary
barrier to passage. RED indicates that the cufaédstto meet fish passage criteria
(Love & Taylor, 2003).

GREEN-ranking culverts have inlet widths that ajjaad to or greater than the
channel width and/or have minimal slopes, as measy the elevation of the inlet
and outlet of the culvert relative to the elevatdrthe tail-water end of the
downstream pool. GRAY-ranking culverts are floovgth natural substrate and
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have an outlet drop less than 0.6 m, or are notéid with natural substrate but have
a slope less than 3% and an outlet drop less titam 0 RED-ranking culverts have
either an outlet drop greater than 0.6 m and/qes@reater than 3% (Appendix F).

Once assigned a color, only the GRAY culverts rtedae further analyzed to assess
the extent that the stream crossing is an impeditoeiish passage using the
computer software, FishXing. The following sectlmts a description of each of the
seven stream crossings and their scoring results.

6.2RESULTS ONE

6.2.1 Stream Crossing One (Railroad Crossing)

Stream Crossing One, the stream crossing undertteattinion Pacific Railroad
tracks, is located 0.25 km from the ocean and Rrislownstream of the dam
(Figure 21). The culvert is currently floored wéf - 120 cm of sand and is 3.05 m
wide, 3.05 m tall and 40.5 m long (Figures 22a,, Z2ible 6). This culvert was the
only crossing to receive a GREEN fish passage raniecause the difference in the
elevation of the inlet and outlet of the culvetati&ve to the height of the tail-end of
the downstream pool is greater than 0.15 m (TapleA8 such, Stream Crossing One
is not a barrier to upstream steelhead migration.

ez

: rogsing One, Iobking downstream (left)
Figure 22b: The outlet of Stream Crossing One (right)

6.2.2 Stream Crossing Two (Rancho Real Road Archulert)

The Rancho Real Road crossing is located 0.4 km thee ocean and 0.6 km
downstream of the dam (Figure 21). An arch cullieg a flat bottom — consisting of
either natural sediment or concrete — and roungtes &ind top. Currently, the inside
of this arch culvert contains remnants of a presjamaller culvert. However, the
current understanding is that this debris will bmoved in the future. For the
purpose of this analysis, fish passage was evaletd this debris was not present.
The culvert is 5.79 m wide, 3.28 m high and 12.Bng (Figures 23a, 23b, Table 6).
This arch culvert received a RED scoring becawssmliét and outlet depths relative
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to the elevation of the tail-end of the downstrgaool are less than 0.15 m (Table 7).
As such, this culvert is not considered to supppstream steelhead passage.

B

Figur ‘The d n ream rtion f Stream Crossirig‘ Twd)(lef
Figure 23b: The inside of Stream Crossing Two from the dovaastr side (right)

6.2.3 Stream Crossing Three (Perched Arizona Croiss))

Stream Crossing Three is located 1.72 km from tie@ao and 0.72 km upstream of
the dam (Figure 21). A perched Arizona crossirgiigised concrete ford that has a
small pipe through its middle. In other words, ld@ws drain through the corrugated
metal pipe, but the crossing is designed to witicstaigher flows by allowing water
to go directly over the crossing and to the otlee.s These crossings are perched
above the stream channel, thus making fish passagemore difficult. This culvert
is the first crossing steelhead would encountetrapms of the dam. Although we did
not have property access to measure this cuh&tinaing that this crossing contains
similar characteristics as the other culverts @astr of the dam, it would receive a
RED ranking (Table 7). Therefore, fish passageisexpected at any time.

6.2.4 Stream Crossing Four (Perched Arizona Crogs)

Stream Crossing Four is located 2.59 km from treanand 1.59 km upstream of the
dam (Figure 11). This Arizona crossing passes ugdata Anita Road and, due to
limited access, culvert measurements were visealiynated from the public road.
The length of the pipe is approximately 7 m lond #re pipe is approximately 80 cm
in diameter (Figures 24a, 24b, Table 6). Streaos§ing Four has the steepest slope
of all the culverts analyzed (14%), which is gredtan 3% and consequently
received a RED scoring (Table 7). Therefore, fiaksage is not expected at this
stream crossing.
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2
Figure 24a:The inlet to Stream Crossing Four (left)
Figure 24b: The outlet of Stream Crossing Four (right)

a

6.2.5 Stream Crossing Five (Perched Arizona Cros)

Stream Crossing Five is located 2.8 km from theana@nd 1.8 km upstream of the
dam (Figure 21). Like Stream Crossing Four, thig@na crossing goes under Santa
Anita Road and was also measured visually frontére The length of the pipe is
approximately 9 m long and the pipe is approxinya®€l cm in diameter (Figures

25a, 25b, Table 6). Its slope, although not aspstes Stream Crossing Five, warrants
a RED scoring for fish passage (Table 7). As supbiream steelhead migration
through this culvert is not expected.

IEigL]fe 25a:The inlet of Stream Crossing Five (left) 7
Figure 25b: The outlet of Stream Crossing Five (right)

6.2.6 Stream Crossing Six (Perched Arizona Crossl)

Stream Crossing Six is located 3.5 km from the n@ead 2.5 km above the dam
(Figure 21). This Arizona crossing is 7 m long @sdipe is 61 cm in diameter
(Figures 26a, 26b, Table 6). Because its inletartkt depths relative to the tail-end
of the downstream pool are less than 0.15 m, thesarg receives a RED scoring and
upstream steelhead passage through the culvest expected (Table 7).
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Figure 26a: The inlet of Stream Crossing Six (left)
Figure 26b: The outlet of Stream Crossing Six (right)

6.2.7 Stream Crossing Seven (Low Flow Crossing)

Stream Crossing Seven is located 3.75 km from teamand 2.75 km from the dam
(Figure 21). A low flow crossing consists of a dsalvert pipe and is covered with
a concrete apron. Like the perched Arizona crgssire low flow crossing allows

for average water flows to pass through the culvertcurrent form, the pipe is 100%
blocked with sediment. For the FishXing model, &halysis assumes that the
sediment is removed completely, unlike its curi@ntdition. The pipe is 4.5 m long
and 30.5 cm in diameter (Figures 27a, 27b, Tabldt6)slope is ~3% and is the only
crossing to receive a GRAY scoring, indicating tBatam Crossing Seven is a
partial and/or temporary barrier to upstream stsdhmigration (Table 7).

. N s N o i TR
Figure 27a: The outlet of Stream Crossing Seven (left)
Figure 27b: The length of Stream Crossing Seven (right)
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Table 6: Collected data for all accessible stream crossings

Parameters Stream Crossing
1 2 4 5 6 7
434.3 X
Culvert type 300 cm 279.4 cm 7{5.2 cm 7{5.2 cm 51 cm 3Q.5 cm
Arch . Circular Circular Circular Circular
Pipe-Arch
Annular Annular Annular Annular Annular
Material Concrete 127 x 25 68 x 13 68 x 13 mm 68 x 13 68 x 13 mm
mm mm mm
. Not Not Not Not Not
Installation Embedded embedded | embedded embedded embedded embedded
Culvert 40 m 12.8m 7m 9m 7m 45m
length
Culvert 0.01% 206 14% 6% 7% 3%
slope
Culvert
roughness 0.02 0.025 0.024 0.024 0.024 0.024
coefficient
Inletinvert |4 59 11.8m 12.3m 13.1m 11.7m 10.4m
elevation
Outlet invert 10m 11.6 m 11.3m 12.6 m 11.2m 10.2m
elevation*
Inlet head
loss 05 05 0.9 0.9 0.9 0.9
coefficient
(Ke)

*Determined by setting the outlet-pool bottom etewaarbitrarily at 10 m and
measuring the other elevations relative to thisreice.

As outlined in Table 2, Stream Crossing One wastilg crossing to receive a
GREEN score, indicating that fish passage is reatrecern at this crossing. Stream
Crossings Two through Six received a RED scorelyimg that current conditions

do not support upstream steelhead migration. Qussly, the fish passage analysis

of these six stream crossings ends here. Streassi@g Seven received a GRAY
score due to its 3% slope and lack of an outlgb.drbhis crossing must be further
analyzed with FishXing so that specific steelhe@aiblgy data can be considered in
the final assessment of fish passage.
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Table 7: GREEN-GRAY-RED first-phase ranking of each streaossing

Stream Crossing Color Ranking
Stream Crossing One (Railroad Crossing) GREEN
Stream Crossing Two (Main Road Arch Culvert) RED
Stream Crossing Three (Perched Arizona Crossing) Unable to rank /
likely RED
Stream Crossing Four (Perched Arizona Crossing) RED
Stream Crossing Five (Perched Arizona Crossing) RED
Stream Crossing Six (Perched Arizona Crossing) RED
Stream Crossing Seven (Low Flow Crossing) GRAY

6.3METHODS TwWO

6.3.1 FishXing Fish Passage Analysis

FishXing was used to evaluate the fish passageeoGRAY-scoring culvert, Stream
Crossing Seven. FishXing is a computational pnogpaoduced by the Six Rivers
National Forest, U.S. Forest Service and availahlae to assess the extent of a
stream crossing’s impact on fish passage. Thisntg tool, commonly used by
technical experts in the field, models the hydiubf culverts. The expected culvert
hydraulic conditions are then compared with datateelhead swimming and leaping
abilities and minimum water depth requirementshi{kiag, 1999). The model
requires data about steelhead and the culvertgide in Tables Six and Eight,
which are used to assess the passable flow rangadb culvert. In addition,
FishXing classifies each culvert as a water ddptp, velocity, and/or pool depth
barrier to fish passage. Three factors — velodigcharge, and water depth — directly
influence fish passage.
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Table 8: Steelhead biological data, taken from DFG, entaredFishXing for different age classes.
Q2 was used in the calculation of the maximum ppsflaw because this flow is an easily available
and uniform index by which to bracket the maximwnge of flow for steelhead upstream migration
(Source: Love & Taylor, 2003; Ross Taylor and Asstas, 2004).

Parameters Steelhead Age Class
2+ Juvenile Young-of-Year
Adult Steelhead | Steelhead/Resident | and 1+ Juvenile
Trout Steelhead
Fish length 50 cm 20cm 8cm
Minimum water depth ~0.20 m ~0.20m 0.10 m
Prolonged swimming 1.83 m/s 1.22 m/s 0.46 m/s
speed
Prolong_ed time to 30 minutes 30 minutes 30 minutes
exhaustion
Burst swimming speed 3.05 m/s 1.52 m/s 0.91 m/s
Burst time to exhaustion 5s 5s 5s
Maximum leaping speed 3.66 m/s 1.83 m/s 0.91 m/s
Velocity reduction factors:
Inlet 1.0 0.8 0.8
Barrel 1.0 0.6 0.6
Outlet 1.0 0.8 0.8
Minimum passage flow 0.085 m°/s 0.057 m°/s 0.028 m°/s
Maximum passage flow 2.05 m°/s 1.22m°/s 0.41 m°/s
50% of Q, 30% of Q> 10% of Q>

6.3.2 Q Flow Calculation Methodology

The FishXing analysis required the calculation gfoRSanta Anita Creek, or the

peak flow that has the probability of being meerceeded once every two years.
The Weibull method was used to calculatef@ Santa Anita Creek, a parameter in
the equation to estimate the maximum passage fiduweTable 3). First, peak
discharges for every year of record were identifig#tien, these peak discharges were
ranked in descending order. The ranks were thadeti by the number of years of
record plus one. To determine each peak dischergtirn interval, the reciprocal of
the fraction — ranks to number of years plus oma&s taken. The result of this
reciprocal gave the return interval of each peawftlischarge, as indicated in Figure
Twenty Eight.
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Estimated Annual Peak Flow Frequency for Santa Anit  a Creek

T
o N

Peak Flow (m 3/s)
(o]

r | ——Weibull Method] |

o N O~ O

0 2 4 6 8 10 12 14 16

Return Interval (years)

Figure 28: The return intervals of the peak discharge flealsulated from 16 years of basin-scaled
Santa Anita Creek peak flow data.

6.3.3 Exceedence Flow Calculation Methodology

To calculate the number of days that fall withie ffassable flow range as indicated
from the FishXing results, percent annual exceeeléoevs were calculated. The
estimated average annual daily discharge for Samta Creek was used to calculate
percent annual exceedence flows. For examplé&dthexceedence flow is defined as
the stream flow that is exceeded on average 5%edfitne during a year. The
average daily flows were computed by averaginge&y of daily stream flow data
from the estimated discharge of Santa Anita Crélekcalculate percent annual
exceedence flows, the average annual daily flowe wanked from highest to lowest.
A rank of 1 was given to the highest flow. A rgnk of 365 was given to the lowest
flow, which equaled the total number of flows calesed. The following equations
were used to identify the rank @ssociated with a particular exceedence flowh suc
as the ranks of the 5% and 90% exceedence flgwsandigoy, respectively; Flosi,
G., etal., 1998):

i506 = 05('\4'1) andiggo, = 090(\+1)
Exceedence flows were used to calculate the nuoflaays of fish passage expected
in culverts during the passable flow range (FiedeTable 8). By taking the

passable flow range and matching it up to the meace of time during the average,
wet and dry years that the range occurs, passapkewere determined.
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Flow Duration Curve for Wet, Average, and Dry Years
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Figure 29: The Santa Anita Creek flow duration curve for ligtoric mean daily flow of the average
year, the wettest year (1977-1978) and the driest (1967-1968) on record. The exceedence curve of
the average daily flow of the average year was adetpby calculating each day’s average discharge
over the period of record, ranking the averagety diaw from highest to lowest and plotting the
percent of days exceeded versus flow.

6.4 RESULTS TWO
6.4.1 FishXing Results

6.4.1.a Stream Crossing Seven (Low Flow Crossing)

Stream Crossing Seven meets the water depth, diggchad velocity criteria for
adult steelhead passage at flows between 0.08.46chf/s (Table 5). A velocity
barrier through the 30.5 cm pipe is the limitingtéa for all steelhead age classes.
Stream Crossing Seven is expected to have 17 dagssable flow during the
average year, 28 days of flow during the wetteat ya record and 0 days of flow
during the driest year on record (USGSb and USQ®@8; Table 8, Figures 24 &
25).
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Table 9: FishXing results for the analysis of adult salntbfish passage

_ Adult Resident '!'rout Juvenile 1+ and
Stream Crossing Seven Steelhead and Juvenile 2+ Young-of-the-
Steelhead Year Steelhead
Percent of Flows Passable 3% 0% 0%
Passable Flow Range 0.08 t0 0.15 m*/s None None
Depth Barrier None None None
Leap Barrier None None None
Velocity Barrier 0.14 to 4.08 m*/s All Flows All Flows
Pool Depth Barrier None None None

Table 10: Passable days of the average, wet and dry yeaescord for Stream Crossing Seven,
derived by comparing the passable flow range frashXing with the Santa Anita Creek flow
hydrograph.

Passable Davs of Passable Days of Passable Days of
Stream Crossing the Average )\/(ear the Wet Year the Dry Year
9 (1977-1978) (1967-1968)
Stream Crossing 7 17 Days 28 Days 0 Days

6.5 PRIORITIZATION OF STREAM CROSSING REDESIGN

Once potential steelhead passage opportunitiesidenéfied with the FishXing
software, the next step was to prioritize the rggesf each of Santa Anita Creek’s
culvert. DFG outlines various criteria by whichgenerate the prioritization of
culvert redesign, including the stream crossingipact to fish passage, current
condition and habitat contribution. The culvelteng Santa Anita Creek only varied
in one criterion, the amount of habitat becomingilable if the crossing no longer
blocked fish passage. This criterion was the Hasithe prioritization of stream
crossing redesign.

6.5.1 Habitat Contribution

The Habitat Contribution criterion gives a higheor® to those stream crossings that,
when redesigned, make a greater amount of halotasaible to steelhead. The
following equation, taken from DFG protocol, wagdgo scale the quantity of
habitat contribution of each stream crossing (L&vEaylor, 2003):
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HabitatContribution = 0.5( HabltatLengthj

152meters

The stream crossings were given Habitat Contribwalues ranging from one to
eight, with a higher score indicating a higher ptyofor stream crossing redesign.
This criterion was set under an assumed scenavidich that the dam no longer
prevented fish passage along Cafiada de Santagkmitthat both the main road arch
culvert and first Arizona crossing were deemed g@ialss Only under these
conditions would steelhead have access to anyagysthabitat. Results of this
scoring are found in Table 10.

Table 11: The scoring of Habitat Contribution for prioritigy stream crossing redesign
Stream Habitat
Crossing Contribution

~N|o|g|A~wiN
RN |O1|01|00 00

Therefore, the barriers closest to the ocean Havaighest priority for redesign.
Stream Crossing Seven has the least priority fdesign due to its geographic
location and the resulting limited contributionsteelhead habitat availability.

6.6 DISCUSSION

Fish passage projects that involve alterationsremam crossings are expected to
adhere to the criteria and recommendations develbpdFG in cooperation with
NOAA NMFS, which are directly outlined in the sextibelow (2001). The
guidelines are general in nature and variancedeamonsidered on a project-by-
project basis (NMFS, 2001). However, followingsbeguidelines would improve
upstream passage of migrating salmonids. Likevimsptoving upstream passage
would allow for young-of-the-year and juvenile skead to swim upstream to find
additional food, avoid predators, and seek refag@oiols with cool temperatures.

6.6.1 Criteria for Fish Passage at Stream Crossisg

Stream crossing alterations are considered atgaatific location. Many
characteristics need to be reviewed prior to selgthe type of crossing to install,
such as local geology, channel confinement, sldpleeonatural channel, and the
possibility of channel incision that may occur fraine removal of a perched culvert.
Furthermore, adverse conditions should be avoisieth as introducing skew or
veering from the natural stream channel when realgthe stream, altering
alignment within the culvert itself, and the preseof trash racks and livestock
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fences (Love & Taylor, 2003). In addition to thesmsiderations, fish friendly
crossings should include:

» Crossing widths at least as wide as the activeradlan

= Natural substrate along the bottom of the crossings

= Smooth transitions between upstream and downstvester surfaces
= No excessive scour in the tailwater pool

» Culvert designed to withstand the 100 year peaddfiitow without structural
damage

» Stable stream banks above and below the crosdiogs & Taylor, 2003)

After evaluation of the site, the following altetiveés and structure types proposed by
DFG should be considered in order of preferencen@pg on location constraints:

1. Nothing - road realignment to avoid crossinggtream

2. Bridge - spanning the stream to allow for loagrt dynamic channel stability

3. Stream simulation method - streambed simulatoategies, such as bottomless
arch or embedded culvert design

4. Non-embedded culvert - hydraulic design metfiadted to low slopes (<3%)

5. Baffled culvert or fishway structure - for steeglopes (NMFS, 2001)

6.6.2 Application of Stream Crossing Criteria to &nta Anita Creek

When determining the appropriate alternative faheaossing that requires retrofit
or replacement on Santa Anita Creek, the secondhamtalternatives were the most
preferred options for all crossings. The thouglbtpss outlining this conclusion is
found in the flow-diagram in Figure Thirty.
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Figure 30: Flow-diagram used to determine the best alteraatvincrease fish passage for each
barrier.

The first question we posed was, “Is road realigmnagpossible alternative to
increase fish passage?” We concluded that rodigmegent was not a viable
alternative for the crossings specific to Santa@Qreek. First, Rancho Real Road
must cross the creek to allow for access to thaner of Hollister Ranch.
Furthermore, Santa Anita Road follows the creelnftbe Rancho Real Road up the
canyon to the vicinity of the natural barrier. &rSanta Anita Road traverses a
steep, narrow walled canyon and property parcelsriboth sides of the creek,
rerouting the road is not a feasible alternativertprove fish passage.

The next question we asked was, “Is the channpksit the culvert less than 6%7?”
(Figure 30). For crossings that have a steeppeskhe preferred alternative is a
bridge (Figure 31). Bridges offer many benefit$hat they span the entire stream,
provide a wide natural bottom, and allow for loegn, active channel stability
(NMFS, 2001). Bridges are specifically considendn the crossing width exceeds
six meters, stream channel slope exceeds 6%, dlssing is prone to debris flows
and/or flooding, or channel incision is likely aftemoval of a perched culvert (Love
& Taylor, 2003). Precast concrete bridges areaatfmal solution for small stream
crossings such as the crossings found on Santa Bngek. They are usually more
cost effective, efficient, and less difficult tostall and maintain than culvert
replacement methods. In contrast to the strearalatran method, a precast bridge
can be installed with much less channel enginegsitg) preparation, and
stabilization. Since natural stream processesal&yeed to occur, this alternative
only requires the installation of proper footingsldahe bridge placed over the stream.
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As such, bridges can be installed in a shorter peréod, impact the job site to a
lesser degree, and still effectively achieve fiakgage goals.

Figure 31: Precast Bridge Stream Crossing

The preferred alternative for crossings that haspe less than 6% is the stream
simulation method (Figure 30). This option stiilizes a culvert for water flow and
fish passage, but emulates natural stream procests the culvert. This
emulation allows for fish passage, flood and deévisnts, and sediment transport.
Structures that are recommended from the streamiaiion method are usually
natural bottom arch culverts or embedded bottomertd (Figure 32). The bottoms
are to have a streambed mixture of native subswatediment that is similar to the
upstream and downstream channel. The followinggsiired for the stream
simulation design method, one specific method talata natural stream processes
(Figure 33):

* Culvert width - minimum culvert width shall be edjt@or greater than
bankfull channel width; minimum culvert width shatht be less than two
meters

* Culvert slope - culvert slope shall approximategdlope of the stream through
the reach in which it is being placed; maximum slspall not exceed 6%

* Embedment - bottom of the culvert shall be burigd the streambed not less
than 30% and not more than 50 % of the culverthtgfgotings or foundation
should be designed for largest anticipated scopthde
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Figure 32: Exmple of an embedded culvert
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or Engineered Fill Culvert Embedment

Figure 33: Stream Simulation Design Criteria (Love & Tayl2603)

6.6.3 Preferred Alternatives for Each Santa AniteCrossing

The following elucidates how Hollister Ranch canetritae stream crossing criteria
and improve fish passage using the second andprefdrred alternatives.
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6.6.3.a Stream Crossing One (Railroad Crossing)

Because the railroad culvert received a greenpgigssage score according to DFG
protocol, it does not need retrofitting or replaesn Since accumulated sands
currently exceed one meter in depth in places withe culvert, monitoring is
recommended to ensure debris does not accumuldtecssequently limit fish
passage. The risk of blocking this culvert wouldrease dramatically if sediment
were to be released from the dam as described above

6.6.3.b Stream Crossing Two (Rancho Real Road Arch Culvert)

Since this crossing is a large arch culvert witlaaconcrete bottom, a retrofit is the
best option to enhance fish passage. The rublbleubvert debris, and concrete
bottom should be removed and replaced with a nidboteom resembling channel
substrate found in the nearby stream reach. Tt@mative entails minor channel
engineering to maintain a slope less than 6% adthgaoarse substrate to create a
roughened channel bed.

6.6.3.c Stream Crossings Three, Four, Five and Six (Perched Arizona Crossings)

Due to the size, slope and channel width of the Agizona crossings, a bridge
replacement is the appropriate alternative. THhasecrossings are considered
perched, meaning that the upstream elevation isiderably greater than the
downstream outlet. This condition is usually calisg scouring of the tail-water
pool due to excessive slope, turbulence, and watecity and the trapping of coarse
sediment on the upstream side of the crossingargelamount of regrading and
channel engineering would be required if a culveplacement were chosen to allow
for fish passage. Additionally, some of these sirggs are of substantial size
warranting a bridge as the best alternative. Brsdgjlow for large, unobstructed
opening of the channel in sites with a slope o%ér @ his alternative will minimize
debris and flood problems on these important cngssihat allow for access along
Santa Anita Road and into residences.

6.6.3.d Stream Crossing Seven (Low Flow Crossing)

Due to the smaller size and mild slope of this ftaw crossing, a culvert redesign
incorporating the stream simulation method wouldhgemost appropriate solution.
A natural bottom culvert sized to allow for delaisd high flows would allow for fish
passage as well as ensure long term access tcetheite, located further up the road.

The following table (Table 11) summarizes the cbtmastics of stream crossings
along Santa Anita Creek and their preferred altere&o increase fish passage.
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Table 11: Santa Anita Stream Crossing Properties

Culvert Crossing Stream
D) (m)* Slope (®)
Sandy
1 ~0.01% 5.8 <3% substrate None -
covering flat
stone bottom
Large arch Natural
2 2 5.8 < 6% 9 Bottom Arch | ~100,000
culvert
Culvert
No access,
assume .
3 - - > 6% similar to Bridge ~500,000
other 3 AZ
crossings.
Perched AZ Bridge
4 14 16 > 6% crossing 9 ~500,000
Debris flows
Perched AZ Bridge
5 6 17 > 6% crossing 9 ~500,000
Debris flows
Perched AZ Bridge
6 7 135 > 6% crossing 9 ~500,000
Debris flows
Low water
7 3 12 < 6% crossing on E@gﬁ/‘é‘:ted ~200,000
well road

* Crossing length is an approximation of the engipan of the crossing, including
width across the stream and road fill.

7.0 BARRIER REMOVAL COST CONSIDERATIONS

There are numerous factors that will affect coshinithis project on Hollister Ranch.
However, at this stage costs are only quantifiable macro scale due to a high level
of uncertainty stemming from a lack of detailedieegring and biological
assessment. A detailed assessment will needc¢orbpleted before any tangible
values can be assigned specific to Santa AnitakCréenerally, costs related to
small dam and fish barrier removal projects cacdiegorized into the following:

1. Engineering
* Planning and design, geotechnical and environmastdssment and
documentation
2. Permitting and management
* Project management and administrative duties, péems and planner
time
3. Construction
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* Supervision, contractors, materials and labor
4. Monitoring and maintenance
* Repairs, adaptation and stabilization

In addition to the above categories, Hollister Raneeds to consider issues specific
to the setting of the Ranch and Santa Anita Cre&adsts for Hollister Ranch to
consider can include:

Assessment of geomorphic and biological conditignant writing and
fundraising, personnel and support staff, perngtand documentation
from county, state, and federal agencies, sitegredion such as
dewatering the impounded sediment and creatingsacdemolition of
existing structures, excavation and disposal ofhsedt, materials,
equipment operation, stabilization, and restoratoodesired finished
state.

Many costs associated with planning and constracie high in Santa Barbara
County due to the cost of living and strong reguiatonditions and oversight.
Furthermore, the distance and rural nature of #wecR will greatly increase
mobilization and transportation costs to and frbmgite. Finally, there are usually
incidental expenses to account for such as acagddamage to roads, habitat, or
property, and mitigation of dust, traffic or otherwanted occurrences.

While it is not yet possible to estimate specifists for Santa Anita Creek steelhead
restoration, Appendix @Glustrates a number of costs as estimated forlarmi
landscape and fish passage restoration projectsrang in Santa Barbara County.
Appendix G,Arroyo Hondo Culvert Modification/Steelhead Pass@gastruction
Estimate, is particularly related to Santa Anitd &helpful in making comparisons
and projections for cost estimates to the Holli&anch project on a per unit basis.
Furthermore, a local contractor experienced in fisesage construction projects
provided qualitative comment after a site visitwgiroup project members, numerous
staff and affiliates from Hollister Ranch to SaAssta Creek.

Using cost comparisons with similar projects, aathments taken from the site visit
with the contractor, we estimate that the totat cbsestoring fish passage to Santa
Anita Creek may range from 3 to 8 million dollarBhis is a conservative estimate
due to the current amount of uncertainty explaiaieolve. The estimate encompasses
the removal of the dam and related sediment exiwavand disposal, modifying the
Rancho Real Road crossing, replacing the four Aidzarossings with bridges, and
modifying the low flow crossing to allow for greafiesh passage.

Table Twelve reports construction costs for the d@aah sediment removal as an

estimate ranging from 1 to 3 million dollars, depiexg greatly on the sediment
management option chosen. Costs will be less dimai the sediment can be
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disposed of, or stored nearby to be reused as fileantop amendment within the
ranch. Altering the other stream crossings rabgéseen 400,000 and 600,000
dollars. These costs depend on the removal oéxlsting structure, the amount of
grading, channel engineering, infill and stabiliaatof the bridge or new culvert.
The remaining costs are allocated to the enginggpermitting, management, and
monitoring of the project.

Table 12: Estimated construction costs

Barrier Cost (3$)
Rancho Real Road ~100,000
1,000,000 -
Dam and Sediment 3,000,000
AZ crossings ~500,000 each
Low flow crossing ~200,000
Total ~5,500,000

Much of the uncertainty in our current cost estienzdn be lessened early in the next
steps of the project during the initial engineer@sgessment. It will be possible to
more clearly estimate costs once initial engingpassessments have been made and
when specific design options for restoring steaedhg@ssage to Santa Anita Creek
have been detailed.

8.0 HABITAT ASSESSMENT

A habitat assessment was performed with the obdi documenting the extent and
current quality of southern steelhead habitat glediby Santa Anita Creek. Because
the stream reaches assessed are not all thouétdarrently available to steelhead,
this assessment was conducted to answer our seesearch question by providing
insight into the quality and quantity of steelhdadbitat that could become available
if passage was restored to the creek.

8.1 METHODS

8.1.1 Area Assessed

The habitat assessment was carried out alongaathes of Santa Anita Creek
downstream of the natural barrier to which groupniers were granted access by
the HROA and individual Hollister Ranch propertyrmrs. Access to the creek was
granted on parcels 83, 88, 89, and 104, as illestria Figure 34. For the purposes of
this report, results and pictures obtained durmgghabitat assessment are ordered as
if the reader is walking upstream from the estuétream reaches were separated
into three sections, which were discovered to fsawdéar habitat characteristics and
were expected to support different stages of thells¢ad lifecycle. For easier
identification each section was assigned a nummbke three sections and their
associated Hollister Ranch parcel numbers are:
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Section One: The estuary to the Union Pacific naamatd railroad crossing
(Parcel 104);

Section Two: Upstream of the Union Pacific railr@adssing to the
upstream property boundary of parcel 88, includivgimpounded sediment
plain behind the dam (Parcels 88 and 89); and

Section Three: The section of creek passing thrqagbtel 83.

In total, 2.2 km of Santa Anita Creek were assesgesection approximately 1.8 km
long flowing through parcels 84, 86, 87, 92, and\@® not assessed due to lack of
access. Similarly, an approximately 0.3 km lergjthreek located upstream of
parcel 83 and below the natural barrier was no¢sgible for assessment.
Consequently, the location of the natural barrar@ not be confirmed on the
ground. However, an analysis of aerial photograpltsUSGS topographical 7.5
minute quad maps (USGSd, USGSe) confirmed thawtterfall barrier is located
approximately 4.2 km upstream of the ocean.
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Figure 34: Map of study area (indicated in pink) with an dag of Hollister Ranch parcel numbers
(indicated in yellow). The natural barrier is iodied in red and the dam is identified in yellow.

Before beginning a more detailed habitat assessaie3dnta Anita Creek, we
performed a pre-assessment walk-through to braddiyacterize the three study
sections and the potential types of habitat avialeibsouthern steelhead within each
section. Following the walk-through, we identifitet steelhead life stages that could
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be supported by each section in their current . sBgspite our observation of its
separation from upstream surface flows, Section @rweestuary, was identified as a
potential rearing site for juvenile steelhead wajtio enter the ocean. Section Two
was identified as a migration corridor for aduttedhead based on a lack of
appropriate spawning substrate, and in some lotatreduced canopy cover. While
Section Two was characterized as migration corritlwing our walk-through, we
recognized its potential for future post dam renhogstoration efforts, including
channel design and revegetation, that could inergasuitability for spawning and
rearing. Section Three was identified as potespalwning and rearing habitat due to
its dense canopy cover, consistent pool habitatodserved spawning substrate.
Our habitat assessment was designed to assedslttyeoh each section to support
the steelhead life stages identified above. A& stne level of analysis undertaken in
each section varied. To determine the qualityt@élbead habitat available in each
section, the following measurements were taken:

8.1.2 Pools and Spawning Gravels

Steelhead use pools for different purposes atréiftestages in their lifecycle.
Young-of-the-year rear and take refuge in the deepeler waters found in pools
over the summer months, migrating adults use theesl waters to rest as they
proceed upstream, and spawning adults create nedplavel-lined pool tail-outs.
The minimum depth of water needed for stream pa&sangd spawning is 15 cm
(Bovee, 1978; as cited in Stoecker, 2002). Intseu California’s coastal streams,
juvenile steelhead have been observed rearingats path depths as shallow as 20
cm (A. Spina, NOAA, personal communication, Mart@, 2007). Such an
observation may establish a lowest limit of shert¥t viability, but not necessarily a
favorable condition for rearing steelhead. Thusteok a slightly more conservative
approach and defined pools based on a minimum adé@b cm, assuming that the
additional depth would provide an increased le¥glrotection from predation for
juvenile steelhead rearing in the creek over tmersar. On October 27, 2007, in
record low flow, pools and patches of spawning glawere identified and
catalogued. Pool depth was measured with a stadjavhile length and width were
measured with a survey tape. Pool tail-outs witivgls of sufficient size and
guantity for spawning were identified. Patchegm@vel found at pool tail-outs in
Santa Anita Creek were approximately Zimsize.

8.1.3 Pebble Count

The Wolman pebble count method, which utilizes camégampling of gravel
particles and a gravel-o-meter, was employed tesdflastreambed particles into a
size distribution on January 17, 2008. Particle sistribution information can be
used to assess the amount of appropriately-sizadhavailable for spawning
steelhead. Steelhead prefer gravels ranging fronmSo 100 mm for spawning
(Bovee, 1978; Reiser and Bjornn, 1979; as citedaeiwan and Jackson, 1996).
Sample sites consisted of pool tail-outs locateSention Three. Pool tail-outs that
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featured predominately sand-sized particles wet@sgessed and, as a result, were
not counted as spawning sites.

8.1.4 Embeddedness

Embeddedness, an indicator of a streambed’s spgwnitability, is the degree to
which larger particles, including boulders, cobbkesd gravels, are surrounded or
covered by fine sediment. Embeddedness was wsestimated following DFG
protocol on January 17, 2008 (Flosi et al., 1998nall cobbles, about 5to 13 cm in
diameter, were chosen from pool tail-outs. The@etage of the stone buried by
sediment was estimated by examining the porticdh@ftobble that was shiny below
the algae or sediment line. Values of 1 througVebe assigned to each cobble based
on the percentage of shininess observed with tleaxfimg ranges: 1 = 0 to 25%
shiny; 2 = 26 to 50% shiny; 3 = 51 to 75% shiny; 46 to 100% shiny; 5 =
unsuitable for spawning. The 5 value was assigneall-outs that were deemed
unsuitable for spawning due to inappropriate salstparticle size or the presence of
a bedrock tail-out. The DFG considers an embedetesirating of 1 to indicate good
guality spawning substrate for steelhead (Floai.et1998). Embeddedness was
estimated for gravel tail-outs found in Sectiond&ér

8.1.5 Canopy Density

Overhead vegetation density was measured using\egspherical densiometer and
the modified Strichler measurement technique aileggoints along the stream
channel. Canopy density was measured in all aleag the creek to which access
was granted. Canopy cover was measured in Sec@pasand Two on September
20, 2007 and in Section Three on October 27, 2@#anhopy coverage of 80% or
more is thought to provide high habitat value fouthern steelhead (Flosi et al.,
1998).

8.1.6 Temperature and Dissolved Oxygen (DO)

HOBO™ data loggers were placed in the estuary, immdglid@vnstream of the
dam, and in the fourth pool upstream of Stream €lngsSix to record water
temperature on an hourly basis. The estuary dagtgel recorded data from
September 13, 2007 to January 17, 2008. It wagddcapproximately 10 m inland
from the estuary mouth and was positioned withircih3of the estuary bed.
Unfortunately, this data logger was washed ouhefdstuary and onto a nearby bank
during a large storm on December 4, 2007, makirsggdte the extent of our estuary
data. While the duration of water temperature measents recorded in the estuary
was shorter than water temperature assessmentsmed upstream, the period of
measurement was sufficient to capture late sumoratitons when temperatures in
the estuary were expected to be highest, and trerfe most stressful for southern
steelhead, due to a lack of water supply from SAntta Creek and increased solar
radiation. The data logger located below the daconded data from August 30,
2007 to January 17, 2008 and was positioned appidriy 30 cm below the water’s
surface. A data logger was also placed approxisn@tecm deep in the fourth pool
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upstream of Stream Crossing Six on parcel 83 tordewater temperature. This data
logger recorded data from August 24, 2007 to Janiiar 2008.

Temperature and DO measurements were also takmola along Santa Anita Creek
using an YSI water quality instrument. Pools downstream ofdhm were
measured on September 2007, between 11:30 AM and 2:00 PM. Pools upstre
of the dam were measured on October 27, 2007, betd@:00 AM and 3:00 PM.
The depth at which DO was measured varied. DCesamith time of day, water
depth, and water temperature. Santa Anita Crde®'svas measured once in the
middle of the day. As a result, while we repont BO measurements, the data
collected on DO in Santa Anita Creek is too limitediraw any significant steelhead
habitat conclusions.

While water temperature range limits for steelhesmiding in the northwestern
United States are relatively well understood, ireiplethal limits for southern
steelhead remain uncertain. The coastal streassubiiern California are often
shallow and clear in the summer, resulting in wegarperatures in exceedence of
incipient lethal water temperatures reported fathern steelhead. Despite water
temperatures approaching 30 °C, juvenile southteslleead are often observed in
coastal southern California streams (Matthews &B&097; Spina, 2007). This
finding has led some fisheries biologists to sugtjest southern steelhead accept
elevated body temperatures in exchange for maingaen expanded geographic
(latitudinal) range (Spina, 2007). Current literatsuggests an upper range of
incipient lethal temperatures for southern stealtfeam 25 °C to 32 °C (Spina,
2007). Results of our habitat analysis were intgal with consideration for this
uncertainty.

8.2 RESULTS

8.2.1 Channel Section One
For detailed habitat assessment data records, [geendix H.

8.2.1.a Canopy Coverage

Canopy coverage increased with distance away fhenotean, ranging from 0 %
near the estuary mouth to 100% at the estuary’segm end near the Railroad
Crossing. Non-native plants were observed intesgokewith native vegetation along
the estuary. It was estimated that non-nativespeimed approximately 10-15% of
the vegetation cover surrounding the estuary. Natnte plants included eucalyptus
trees Eucalyptus sp.), giant reedAtrundo donax), pampas gras€ortaderia

selloana), Peruvian pepper tre€dhinus molle), poison hemlock@onium

maculatum), sweet fennelRoeniculumvulgare), and tree tobaccdN{cotiana glauca).
Examples of native species observed near the gst@ude coyote brush
(Baccharis pilularis), poison oakToxicodendron diversilobum), toyon Heteromeles
arbutifolia), and California sagebrushArtemisia californica).

82



8.2.1.b Temperature, DO, and Salinity

The average temperature recorded by the H&/Biaita logger located in the estuary
between September 13, 2007 and December 4, 200TI6M2C. Temperatures
ranged from 10.2°C to 27.4°C. As illustrated iguie Thirty Five, the highest
estuary temperatures recorded occurred from mideSdger to the beginning of
October, while the lowest temperatures occurrédebeginning of December.
Estuary temperatures fell within the range of régabincipient lethal temperatures
for steelhead for a total of 28 non-continuous Bpundicating that the estuary may
experience conditions lethal to rearing juvenike#tead over the summer months.

Hourly Temperature Measurements Recorded in the San  ta Anita Creek Estuary
from September 13, 2007 to December 4, 2007
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Figure 35: Temperature of Santa Anita Creek estuary measwedy from September 13, 2007 to
January 17, 2008 using a HOB¥data logger.

The average temperature measured in the estuamy tns YSI™ water quality
instrument on September, 2007 was 21.4°C, with very little variation frcie
mouth to its upstream end. Moving upstream froendbean, DO decreased
significantly. The four measurements obtainedisiguat the estuary mouth and
proceeding upstream were 12.1 mg/L, 15.3 mg/Ln&A., and 2.1 mg/L. The
incipient lethal level of DO for adult and juvengteelhead is 3 mg/L or less,
depending on environmental conditions, particuléetyperature (Matthews & Berg,
1997). While our measurements suggest that DOhaag reached steelhead lethal
limits in the estuary, DO in southern Californieesims fluctuates on a diurnal cycle
and, as a result, varies greatly throughout the dayr measurements were only
taken on one day over a short time period, andewemmend further long-term
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monitoring of DO in the estuary and the rest oft&amnita Creek before any
conclusions are drawn.

8.2.2 Channel Section Two
For detailed habitat assessment data records, [geendix H.

8.2.2.a Canopy Coverage

lllustrated in Figure 36, canopy coverage variezhtly in this portion of Santa Anita
Creek. In the 0.75 km section of creek locatedWwehe dam, average canopy cover
was determined to be 70 % with canopy coverageeshg the 80 % coverage
amount preferred by southern steelhead 50 % dirtitee Canopy coverage was
measured to be 0% through the section of the dteefng through the impounded
sediment behind the dam, indicating the need f&toration of vegetation throughout
this section.

Percent Canopy Coverage in Section Two of Santa Ani  ta Creek

Below Main Road | Between Main Road Crossing and | Above

100 - » n o

90

80

70

60 Tt

50

40

Percent Canopy Coverage

30

20 |

101

T T T T T
0 0.2 0.4 0.6 0.8 1 12 14

Kilometers Upstream from the Ocean

Figure 36: Canopy coverage measurements taken in Section T®arga Anita Creek. Distance
upstream of the ocean of each measurement pappi®ximate and barrier locations are provided in
blue for spatial reference.

8.2.2.b Temperature and DO

The average stream temperature recorded by the HbB&a logger located
immediately below the dam between August 30, 20@7January 17, 2008 was
13.9°C. Temperatures ranged from 4.7°C to 23.9Fke highest stream
temperatures recorded occurred over a few daymeard of August and the
beginning of September, while the lowest streanptmatures occurred over a few
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days at the end of December, as illustrated inrei@. Stream temperatures in
Section Two did not, however, fall within the in@pt lethal water temperature range
for southern steelhead, 26°C, at any time in thasueement period.

Hourly Temperature Measurements Recorded Immediatel  y Below the Dam,
Santa Anita Creek, from August 30, 2007 to January 17, 2008
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Figure 37: Temperature of Santa Anita Creek immediately Wwale dam measured hourly from
August 30, 2007 to January 17, 2008 using a HOBdata logger.

Little temperature variation was observed along fection of the creek on
September 19, 2007. Average stream temperatuainebtwhile using the Y3
water quality instrument was 16°C. Dissolved oxyg&as measured to be higher in
the section of creek flowing through the impoundediment above the dam, with an
average of 7.4 mg/L, than below the dam, whichdradverage DO of 5.4 mg/L. A
range of DO values from 3.3 to 7.2 mg/L were measioelow the dam, while
variation in DO measurements above the dam wasmainirom 6.8 to 8.1 mg/L.

The creek bed was observed to be dry from beloea8trCrossing One, the railroad
crossing, to just upstream of Stream Crossing T@main road arch culvert, during
all visits that occurred in the middle of Septemb@d7. Surface flow still occurred
elsewhere along the creek, but this dry stretcbotisected the estuary from
upstream flows.

8.2.3 Channel Section Three
For detailed habitat assessment data records, [geendix H.
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8.2.3.a Channel Dimensions

The low flow width in Section Three ranged from 108.3 m, with an average width
of 4.1 m. Average bankfull channel width was 7.8-amging from 5.5 to 10.5 m.
Surface flow occurred continuously in this sectodrthe stream, despite the region’s
dry conditions.

8.2.3.b Pool Characteristics

Nine pools were identified in this 500 m sectioritd stream. Boulder and log jam-
induced constrictions represented the upstreamdasyrof many of the pools
observed. Pool depths ranged from 39 to 83 crmer@ge pool depth was 57 cm.
Shallow runs and riffles were also observed betvwyemis.

8.2.3.c Substrate Characteristics

Cobble to boulder-sized substrate was predomimaatghout the reach; however,
pool-bed substrate consisted mainly of sand toeairsized particles. Bedrock was
observed periodically. Of the nine pools identlfia this section of Santa Anita
Creek, two pools had grains course enough for alpetmunt. All grains sampled in
the pebble count were classified as gravels base¢kerr diameter. Results of the
pebble count are outlined in Table 12. Gravelgiragnin diameter from 5 to 100 mm
are appropriate for steelhead spawning (Bovee, 1R&Ber and Bjornn, 1979, as
cited in McEwan and Jackson, 1996). Thereforer 896X of the gravels measured
in the second pool downstream of Stream Crossixngusd over 98 % of the gravels
measured in the fourth pool upstream of StreamstigsSix were appropriate for
spawning steelhead.

Table 12: Pebble count results

Median Percent
Pool Substrate Diameter of Grain Gravel Type
: Observed
Size (D50)
16 — 22.6 mm Very coarse gravel 30%
Sg((:)(())rlld 11.3-16 mm Coarse gravel 27%
downstream 19 mm 8-11.3mm Medium gravel 32%
fC i .
© g)i)s(smg 5.7-8 mm Fine gravel 10%
4-57mm Very fine gravel 1%
16 — 22.6 mm Very coarse gravel 5%
Fourth pool 11.3-16 mm Coarse gravel 34%
uréstrea_m of 13 mm 8-11.3mm Medium gravel 37%
rossing
Six 5.7 -8 mm Fine gravel 22%
4-57mm Very fine gravel 2%
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Three pool tail-outs had particles appropriateaedifor inclusion in an
embeddedness estimate. Of these three pool t)ie fourth pool upstream of
Stream Crossing Six was determined to have an emeeéss value of 1 (Figure 38),
the second pool downstream from Stream Crossingp&ixa value of 2 (Figure 39),
and the second pool upstream of Stream Crossing&sixa value of 3 (Figure 40).

The remaining pool tail-outs were assigned valddshmecause the substrate observed
was not large enough to be included in an embeddsdestimate. The DFG
considers an embeddedness rating of 1 to indicadd guality spawning substrate for
steelhead, suggesting that only one of the ninéspaaserved in this section features
spawning substrate of a good quality for steelhead.

1.
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Figure 39: The aI end i he secovnd [;ooldonstream (a: 0018 rossmg Six, which received an
embeddedness value of 2.

- =

Figure 40: The second ooI uptream f Stream CFoésng Silchwas assignéd an embeddedness

value of 3.
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8.2.3.d Canopy Coverage

Riparian canopy cover was high, with an averageggicover of 90%. Only three
out of 17 measurements of canopy cover fell beleev@0% coverage criterion for
steelhead habitat. The vegetation lining the streas predominantly native and
included coast live oakQuercus agrifolia ssp.agrifolia) and California sycamore
(Platanus racemosa var.racemosa) trees.

8.2.3.e Temperatureand DO

The average stream temperature recorded by the HhB@&a logger located in the
fourth pool upstream of Stream Crossing Six betw&egust 21, 2007 and January
17, 2008 was 13.2°C. Temperatures ranged fronCa@22.1°C. The highest
stream temperatures recorded occurred over a fggvatdhe end of August and the
beginning of September, while the lowest streanpenatures occurred over a few
days at the end of December, as illustrated inr€igd. Stream temperatures in
Section Two did not fall within the incipient lethaater temperature range for
southern steelhead at any time during the measutgmeeod, indicating that water
temperature should not be a stressor for juvetslellsead rearing in the upper
portion of the creek over the summer.

Hourly Temperature Measurements Recorded in the Fou  rth Pool Upstream of Crossing
Six, Santa Anita Creek, from August 24, 2007 to Ja  nuary 17, 2008
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Figure 41: Temperature of Santa Anita Creek in the fourtbl ppstream of Stream Crossing Six
measured hourly from August 24, 2007 to Januar20@8 using a HOB®' data logger.

Temperature measurements obtained on OctoBer2BD7 using the YSY water
quality instrument varied little throughout the pesty, with an average temperature
of 14.6°C. Average DO was measured to be 7.4 ragfl_.ranged from 6.5 to 8.1
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mg/L. While these DO measurements suggest thasiald also not be a stressor
for juvenile steelhead rearing in Santa Anita Creedr the summer, further long-
term DO monitoring is needed to account for ddiigtuations.

8.2.3.f Trout

Small trout, about 15 cm in length were observeniswing in two pools located in
Section Three. Two trout were observed in thetfopool above Stream Crossing
Six, the same pool in which the data logger waatkxt (Figure 37). On October®7
2007, the day that the trout were observed, thi$ was measured with the Y8
water quality instrument to have a temperaturedo?IC, and a DO level of 7.7
mg/L. The pool’'s depth was 70 cm. An additiomalt was observed in the second
pool upstream of the low flow crossing on the salae (Figure 38). This pool was
measured to have a depth of 55 cm. The'YS8later quality instrument provided a
temperature measurement of 14.7°C, and a DO Idévkellang/L. The observance of
trout in two of the pools in Section Three of Saftata creek suggests that this
section of the creek offers conditions suitabledeer summer rearing of juvenile
steelhead. In addition to the trout observed i $bction of the creek, local resident
Lee Harrington has observed trout in Santa Anitekin pools located on parcel
numbers 95 and 96 (L. Harrington, personal comnaiin, February 26, 2008).
Due to a lack of access, we were unable to cortfiese observations.

Flgure 42: Two trout Were observed in the fourth pool upstle;ﬁ Stream Crossmg Six pictured here.

90



Figure 43: One trout was observed in the second pool upstofdhe low flow crossing pictured here.
8.3 HABITAT DISCUSSION

8.3.1 Channel Section One

Results of our assessment suggest that the qoaktymmer rearing habitat provided
by the Santa Anita Creek estuary is rather lowmperatures in the estuary fell
within the range of incipient lethal temperaturesdouthern steelhead over a total of
28 hours during our September 2007 to December g#3&urement period. In
addition, DO levels dropped below lethal limits &teelhead, and 0% canopy cover
was observed near the estuary mouth. While estvaigr temperatures can become
stratified during the summer, our temperature measants were conducted within
13 cm of the estuary bed. At this depth, the cxiodaters should have been
measured, even within a highly stratified waterypod

Estuaries can be an important source of habitattemlhead. Of the steelhead
returning to freshwater streams to spawn in nonti@alifornia, Bond (2006) found
that 80% were reared in the estuary. Steelheadhpity use estuaries during the
rearing phase of their lifecycle where they feedwg acclimate to higher salinity
levels, and wait for estuaries closed by sand tealog breached so they can enter the
ocean. For this reason, further investigation theoquality of habitat provided by

the estuary is warranted.

While estuary temperatures fell within the 25° GB&5C range of incipient lethal
temperatures, juvenile southern steelhead havedizssrved rearing in water
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temperatures approaching 30 °C in other coastdaheou California streams (Spina,
2007; Matthews & Berg, 1997). The maximum tempegatecorded in the Santa
Anita estuary was 27.4 ° C. In addition, tempa®tuas not measured in an
approximately 3 m deep pool located at the upstreaanof the estuary. This pool
may feature cooler water temperatures in the sundenetto its greater depth and
canopy coverage. There is also the possibilityttiea pool features a groundwater
seep, an important source of cooler water foundany of southern California’s
coastal streams (Matthews & Berg, 1997). Summapéezatures should be measured
in this pool at several depths to account for gestratification and to identify
groundwater seeps, if they are present. Despit@ahential for lower temperatures
in the most upstream end of the estuary, DO measnts taken in this portion of the
estuary were measured to be 2.3 mg/L and 2.1 nbgtih, below the incipient lethal
level of 3 mg/L. DO fluctuates throughout the daggd a more detailed assessment of
DO in the upstream ends of the estuary may revgheh quality summer rearing
habitat. Research by Matthews and Berg (1997)estgghat juvenile southern
steelhead may make trade-offs between warm watgrdeatures and low levels of
DO to increase their chance of survival in soutr@atifornia streams. There may be
locations within the Santa Anita Creek estuary wlserch trade-offs are possible.
Furthermore, the estuary was cut off from surfdo@s$ during our measurements. In
non-record low stream flow years, stream flows meagain great enough to keep the
estuary connected to the creek’s surface watengwvhich could result in higher
levels of DO in the upstream end of the estuany: tRese reasons, extended
investigation of the summer rearing habitat proditg the estuary should be
conducted.

While our initial analysis of the estuary sugggxier quality summer rearing habitat,
it does not discount Santa Anita Creek’s utilitygasource of habitat for southern
steelhead. Sixty-seven to 96% of young-of-the-gteelhead resided in pools
upstream of the estuary in another small coasthfio@da stream (Cross, as cited in
Stoecker & the Conception Coast Project, 2002).

8.3.2 Channel Section Two

Further analysis of the middle portion of SantatArireek, from the railroad
crossing upstream through the impounded sedimait,dupports our initial
assumption that this portion of the creek curreptlyvides important corridor habitat
for southern steelhead migration. Complex in-stréabitat features, including logs
and overhanging banks, were detected throughausé#ation, especially below the
dam. Canopy cover was higher below the dam than abova the 0.75 km section
of creek located below the dam, average canopyraeae determined to be 70%
with canopy coverage exceeding the 80% coverageianpoeferred by southern
steelhead 50% of the time. However, canopy coweveas measured to be 0%
through the section of the creek flowing through itnpounded sediment upstream of
the dam. Despite a dearth of canopy cover aloisgsettion, temperature
measurements indicate non-lethal conditions evemmglthe height of summer.
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Average water temperature in this section of tleekyr13.9 °C, was only slightly
higher than the average water temperature upstie&w®ction Three, 13.2 °C,
suggesting the presence of (a) groundwater seep{lsat increased solar radiation
due to a lack of canopy cover was not significafitgh water temperatures would
certainly not be a threat during the winter wetss@awhen adult steelhead would be
expected to use the corridor for migration. While sandy and silty substrate
observed in this section of Santa Anita Creek isappropriate for spawning, the
creek features characteristics that would suppeelisead as they migrate upstream
to spawn.

Special attention should be called to the portib8anta Anita Creek flowing through
the sediment impounded behind the dam. This seofithe creek currently lacks
canopy coverage and features little habitat conigyleproviding steelhead minimal
protection from predators. A few overhanging bawkse observed in this portion of
the stream, but no pools were detected. Migradohgt steelhead require pools for
resting as they make their way upstream toward sppegrhabitat. If the dam and the
impounded sediment were removed from Santa Arieacteek would be expected to
return to its original pre-dam slope and associatdtern of pool habitat, either over
time through natural sediment transport or morekjyithrough mechanical design
of the channel. Figure 44 illustrates an estinpat®anta Anita Creek’s pre-dam
slope in this section of the creek based on hagdrang results and aerial
photographs.
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Pre-Dam and Impounded Sediment Longitudinal Profile
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Figure 44: Pre-dam streambed profile (red) estimated usiagimmum auger depths and aerial
photographs. Pre-dam channel slope is indicatéueabp of the figure (green) and current sediment
surface is shown (blue) for comparison.

Upon dam removal, the slope of Santa Anita Credlnoethe dam would be
expected to increase from its current impounde@ st&lopes would be expected to
be steeper in what is now the more upstream ettieafnpounded sediment,
decreasing downstream. This prediction is supddsjemeasurements upstream of
the impounded sediment in Section Three and doeaustrof the dam, which show
that slope decreases as you proceed downstreaamia 8nita Creek. In addition to
a decreased slope downstream, the stream chanokl @ expected to widen. A
wider channel would result in a decreased frequen@pols and an increased stream
flow depth. As a result, deeper pools would becetgd to occur. Gravels
appropriately sized for steelhead spawning woulexpected to occur further
downstream than they do now due to increased toainsgpacity resulting from an
increased channel slope. Buffington and Montgoni&®®9) have shown that gravel
should be expected along stream beds a few meteesdown to slopes of 0.6%,
indicating that patches of spawning gravel may bexavailable downstream to
roughly the current location of the dam. Sedinmgarisport calculations described
earlier support this prediction, estimating theastion of gravels near the dam’s
current location upon dam removal. An increasadber of pools and associated
patches of gravel in pool tail-outs would transfd@ection Two of Santa Anita Creek
from a migration corridor to spawning and rearimpitat. For this reason, it would
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be important to revegetate the section. Vegetapadian corridors shade streams,
reducing water temperature. In addition, matuigetation that dies and falls into the
stream channel creates increased complexity ichlthanel, providing additional
cover for rearing steelhead.

8.3.3 Channel Section Three

Suitable steelhead habitat was observed througbectton Three of Santa Anita
Creek. The DFG classifies steelhead habitat froor o excellent and defines
excellent steelhead habitat to be relatively unbigesl with pristine watershed
conditions. Excellent habitat should also incltite following habitat features: dense
riparian zones with a mix of mature native spediegjuent pools, high quality
spawning areas, cool summer water temperaturegyleanm-stream habitat, and a
relatively intact floodplain. While habitat receig a rating of good must also be
relatively intact, it differs from excellent haltita that it may have been and may
continue to be altered by erosion processes. &tatidssified as good should also
contain the same habitat features found in exdetjeality habitat (Love & Taylor,
2003).

While the portion of Santa Anita Creek flowing thgh Section Three contains one
Arizona crossing and one low flow crossing andasked by a road approximately 5
m from its bank, our assessment shows that thigoseaf the creek features an intact
floodplain. Applying DFG classification of habitqtiality to Santa Anita Creek
without considering southern California’s other stahstreams suggests a ranking of
good to excellent is appropriate. However, retativthe large primary steelhead
streams located in southern California, includimg $anta Maria, Santa Ynez,
Ventura, and Santa Clara, labeling Santa Anitanasxaellent quality southern
steelhead stream seems less appropriate. Ddspitpiality of habitat provided by
Santa Anita Creek relative to the four primary Btead streams, the habitat features
found in Section Three of Santa Anita Creek, inclgccanopy cover, native
vegetation, summer water temperatures, embeddedipesgning areas and gravels,
pools, and a complex in-stream environment aregptesithin suitable ranges to
support southern steelhead, as indicated by Tdble 1
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Table 13: Parameters measured in Section Three indicatebkusteelhead habitat

Habitat Feature

Parameter Ranges

Considered Supportive for

Southern Steelhead

Section 3 Parameter
Measurement/Observations

Canopy Cover Density

80% or greater

Average of 90%.

Mature, Native

No specific parameter

Present, as indicated by mature

Vegetation available. native oak and sycamore.
Cool Summer Water 010 22C 13.23T on average, with a
Temperatures ' range of 6.23C to 22.10C.
A rating of 1 is considered One pool was rated with an
Embeddedness

good for spawning.

embeddedness value of 1.

High Quality Spawning
Areas

No specific parameter
available.

Present, as indicated by the
presence of pools with
adequately-sized spawning
gravels.

Frequent Pools

No specific parameter
available.

Present, as indicated by the
presence of 9 pools in a 500m
length of stream.

Presence of Spawning
Gravels

0.5t0 10.2 cm.

Present in appropriate sizes in 2
pools.

Complex In stream
Habitat

No specific parameter
available.

Present, as indicated by several
boulders and wood-debris
features observed within the
stream channel.

Intact Floodplain

No specific parameter
available.

Present, as indicated by a lack of
observed streambed erosion and

mature streamside vegetation.

Boulder and log-jam induced constrictions were olesi at the upstream edge of
several of the pools located in Section Three. S@tarions of stream flow such as
these have been shown to maintain pool habitabastal California streams
(Harrison & Keller, 2007). The observation of upsim constrictions in pools
indicates that the habitat features observed durnimgssessment of Section Three
are likely stable in that pools suitable for spavgwill be maintained over time.

The observation of three juvenile rainbow troutviio different pools offers further
support that the habitat quality in Section Thiesuitable. Coastal rainbow trout
share the same ecological requirements as anadsosteeihead, and rainbow trout
that migrate to the ocean to feed are considessdh&iad (Stoecker & the Conception
Coast Project, 2002). The presence of rainbowt trmlicates that the upper reaches
of Santa Anita Creek would be capable of supporimgdromous southern steelhead
if they were able to access this section of thelcréd-urthermore, native rainbow
trout populations currently residing in the creekild constitute a source population
of southern steelhead if passage up and down #ek evere possible. Steelhead
originating in Santa Anita would potentially retuimspawn in their natal creek or
would spawn in other nearby creeks and streamgndipg on the availability of
passage opportunities.
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8.3.4 Extrapolated Extent of Habitat Quality

While we were unable to assess the approximat8lkrh. of Santa Anita Creek
flowing through parcels 84, 86, 87, 92, and 93 assume that a portion of this
stream length is similar in habitat quality to $&ct3, located immediately upstream.
Analysis of aerial photographs revealed that thesdeeanopy coverage measured in
Section Three extends downstream approximatelpdd@ional kilometers. Beyond
this distance, the canopy coverage becomes noljclesls dense both along the
creek and further out into the hillsides. Also,amalysis of the extrapolated area
using the National Elevation Dataset (NED) reveaedlatively consistent slope of
2%. In addition to the suitable habitat suspebildw Section Three, 0.3 km of
additional habitat is suspected above Section Taneebelow the natural barrier.
Based on our analysis, we estimate that Santa Amnéak currently provides a total
of 2.4 km of habitat capable of supporting spawrsagthern steelhead.

In the 500 m of Santa Anita Creek analyzed in $actihree, two pool tail-outs out
of 9 pools were identified as having gravels ofisignt size and quality for southern
steelhead spawning. Extrapolating this same peqgluincy to the predicted
additional suitable habitat on Santa Anita Creekeals that 34 additional pools
should be present. Of these 34 additional poast should have pool tail-outs
suitable for spawning. In total, Santa Anita Creegredicted to have a total of 43
pools, ten of which would support spawning soutrsteelhead.

Removal of the dam and the subsequent post-damvedrsiepening of the channel
expected throughout Section Two is predicted toeiase the total amount of suitable
steelhead spawning and rearing habitat on avaitabl®anta Anita Creek by
approximately 0.8 km. Extrapolating the same paamjuency observed in Section
Three, an additional 14 pools would be expecteattur, three of which would be
expected to have pool tail-outs suitable for spagniThis prediction of amount of
additional spawning and rearing habitat that wdaddcreated by the removal of the
Santa Anita Creek dam might be slightly overestadaas pool frequency decreases
with decreasing slope and the slope of the lowetiggoof Section Two is predicted
to be less than that observed upstream in SechogeT With this uncertainty as a
caveat, we expect Santa Anita Creek to providea ¢ 3.2 km of suitable spawning
and rearing habitat for southern steelhead if tra & removed. Within this 3.2 km,
57 pools are estimated to occur, 13 of which apeeted to contain suitable
spawning gravel in their tail-outs.

8.3.5 Weather Influences on Habitat Parameters

The majority of the measurements made to assesgitiigy of habitat in Santa Anita
Creek were taken in the summer and fall of 200fe 2007 water year was a record-
making dry year with the lowest recorded amourriaoffall in 100 years (City of
Santa Barbara, 2007). As a result, flow in Sam#@aAwas extraordinarily low during
the assessment, and some of the characteristicainaedikely represent the lower
end of the naturally occurring range of steelheagitat quality within the creek. For
example, steelhead prefer cool summer stream teypes and stream temperature
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measurements reported here represent the uppef &melcreek’s natural
temperature range. Additionally, measurementsream width and depth, both
measurements of habitat availability, represenimmim values in the creek’s
naturally occurring range. However, 2007 was meteded by multiple drought
years, and baseflow in the stream might not haea beits lowest possible value.

Despite the low flow conditions observed in Santat@ Creek during the habitat
assessment, water temperature measurements tadstegaup of the railroad crossing
were within the acceptable range for southernlséael. Such a finding provides
additional strength to the assertion that the uppst portions of Santa Anita Creek
located below the natural barrier contain suitapl@wning habitat for southern
steelhead and that suitable corridor habitat ekistaeen the spawning habitat and
the estuary.

9.0 CONCLUSIONS AND RECOMMENDATIONS

9.1 CONCLUSIONS

The Hollister Ranch Owners’ Association and thelidtdr Ranch Conservancy have
identified steelhead restoration as a conservatimmity for Hollister Ranch. Our
analyses were designed to aid the HROA and the HRI@ir decision to undertake
a steelhead passage restoration project for Caf@a&anta Anita. Specifically, we
set out to determine whether or not steelheadnagio was a feasible option. We
also assessed the amount and quality of steellfaathhthat would become available
if the creek’s barriers to fish passage were remdove

Our habitat analysis indicates that 2.4 km of fl@auality spawning and rearing
habitat currently exists in Santa Anita Creek. Theopy cover along this region of
the creek is dense and mature, and summer pooktatapes never approached
levels lethal to steelhead during the study pemdd¢ch occurred over the summer
and fall of a record dry year. The observationamibow trout in two of the nine
pools assessed supports our conclusions that fhex opaches of Santa Anita are
capable of supporting steelhead. Because the ambhigh quality habitat had to be
extrapolated beyond the 500 m long reach to whickess was allowed, further
assessment is warranted to confirm our expectatibntal, we expect that Santa
Anita Creek contains approximately 43 pools suédbl summer steelhead rearing
and refuge and 10 pool tail-outs with patches dabile spawning gravels.

While the total amount of habitat available in thmoer reaches of Santa Anita Creek
is small relative to that which is, or could begyaded within the four major rivers
known to support southern steelhead, restoratidislofpassage to Santa Anita Creek
would provide additional spawning options for thgortunistic southern steelhead
when passage is unavailable elsewhere. Likewm&taSAnita Creek can enhance
habitat diversity and provide refuge for steelhtred stray from the major rivers,
thereby contributing to the resilience of the papioh. In addition, the resident
rainbow trout observed living in the upper reaabiehe creek could make a small
contribution to the genetic diversity among lodalethead populations.
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Six of the seven stream crossings found on Sanita Aneek currently impede
upstream fish passage. Of these six barriers giigecompletely impassable for all
age classes at all flow ranges, while one offenstéid opportunity for fish passage.
These barriers could be replaced according to Die@gols for fish passage
restoration at an estimated total cost of approteiga2.5 million. Based on our
preliminary analysis, which focused on the slopéhefchannel at each crossing, we
expect appropriate retrofits to include bridgestha creek’s four Arizona Crossings,
a natural-bottom arch for the main road crossing, alarger, partially embedded
culvert for the low flow crossing. However, furtrengineering and hydraulic
analyses will be required to determine suitableofies for each barrier on a case-by-
case basis. These analyses would consider thiexsteeam type and natural
tendencies toward channel-structure stability oleoto design retrofits that are
appropriate specifically for Santa Anita’s and foldgy and geomorphology.

In addition to the creek’s six impassable streanssings, the 4.5 m high dam would
have to be removed in order for steelhead to adbedsabitat documented in our
constrained field survey. The 100,000 ofi sediment impounded behind the dam
would have be managed to minimize adverse effemisidtream. Once the dam was
removed and Santa Anita Creek was allowed to retuits pre-dam gradient, either
through natural sediment transport or through eattam and restructuring of the
channel, at a cost of approximately $3 million, predict that an additional 0.8 km of
spawning and rearing habitat suitable for soutiséerlhead could be created. Within
this 0.8 km stretch of spawning and rearing hahiatpredict the occurrence of an
additional 14 pools and 3 pool tail-outs with p&slof gravel suitable for spawning.
We propose four recommendations for Hollister Raioatonsider, each with a
different level of cost and risk.

Ultimately, it will be up to Hollister Ranch to wgh the various risks and costs
associated with the restoration of steelhead passa8anta Anita Creek against the
steelhead benefits predicted in this report in otdelecide whether or not they will
move forward on this project. If the HROA deenmee#itead passage restoration on
Santa Anita Creek to be a worthwhile pursuit, re#&ps should include a detailed
engineering analysis and further biological assessmBecause the creek flows
through several privately-owned parcels, a coalitailding effort will likely be
required to foster cooperation among landownerfhese analyses and assessments
must include the entire creek. The unique orgaimmat structure of the Hollister
Ranch may provide an increased opportunity foregtegforts through pre-established
connections among private property owners throhghollister Ranch Owners’
Association and the Hollister Ranch Conservancy.

9.2 RECOMMENDATIONS

If Hollister Ranch does decide to continue witlstsieelhead restoration project, we
suggest they consider four options for dam remamdl sediment management, each
with a different level of cost and risk. Theseiops include:
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1) Complete dam removal with natural sedimentspart.High risk, low cost.

2) Complete dam removal with partial sedimentagation and bank
stabilization.Moderate risk, moder ate cost.

3) Complete dam removal with complete sedimenaeation.Low risk, high
cost.

4) Incremental dam removal with natural sedimearigport Moderate risk, high
cost over an extended period of time.

We further recommend retrofitting of the six impase stream crossings analyzed in
this report, according to DFG protocol. Dam rem@rad the enhancement of
steelhead habitat in the portion of the channeleniily impounded with sediment

will result in no benefit to southern steelheath# barriers downstream of the dam
are not first made passable. For this reasonga@mmend the highest priority to
barrier retrofits the furthest downstream, withréasing priority proceeding
upstream.

In addition to the restoration options listed ahave recommend the following
actions to enhance the restoration efforts proptmefianta Anita Creek:

Revegetation of the section of stream currently located behind the dam: The
section of Santa Anita Creek located immediatehyjitthe dam was
measured to have in-adequate canopy cover for sougheelhead. We
recommend that this section be replanted oncedheisl removed and the
stream channel stabilizes. We predict this seafddanta Anita Creek to
transform from a migration corridor to additionpbsvning and rearing habitat
post dam removal. A dense canopy cover keepse#t’sreummer
temperatures cooler for rearing southern steelresadur temperature
measurements show, and can provide additionalestelt steelhead year-
round. Native vegetation may serve to help instadilization process,
depending on the level of engineering undertaken.

Continued monitoring and stream gauge installation: Continued monitoring
of conditions within Santa Anita Creek with the HOB' data loggers would
provide data that would be useful for future restion efforts. A prolonged
record of temperature and water-level data woulddsdul for future habitat
assessments, as these characteristics can vatly grer time. In addition,
we recommend that a stream gauge be installed mia 3aita Creek. An
accurate assessment of stream flow is valuabléh&design of barrier
retrofits and channel modifications. Monitoringgluding water temperature
measurements and steelhead counts, would alloRdheh to measure the
success of their restoration efforts. Steelheanhisothat included both
spawning adults and rearing juveniles would beigagrly useful. The
regular bio-assessment sampling planned to begheicurrent year, 2008,
on Santa Anita Creek could also provide useful faaljuality information.
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» Further analysis and possible restoration of the estuary: The creek’s estuary
is one of the few remaining estuarine wetlandsahf@rnia. Estuaries can be
important during the rearing stage of steelheaeldgvnent, as they are a
place to feed and adapt to saline conditions. geirminary habitat
assessment revealed that the estuary currently okopy coverage except
for along its most upstream end. Near the dowastrend of the estuary,
temperatures that fell within the range of incipikthal limits for southern
steelhead were measured within 13 cm of the bedddlition, limited DO
measurements taken at the upstream end of theg&tlldelow the lethal
limit for steelhead. Further analysis could beeantmken to determine
whether or not the estuary is a suitable envirorirferover-summer rearing
juvenile steelhead. This analysis could be coretlioizer multiple summers
to determine whether or not habitat quality in ¢éséuary is higher when low
stream flows do not disconnect it from Santa AQitaek. If deemed
necessary, vegetation along the banks of the gstoatd be increased to
increase canopy cover, providing shade for cooktememperatures. The
downstream end of the estuary is narrower thangmsof the creek located
further upstream with adequate canopy coveragegestiqg increased
vegetation could bring canopy coverage in this phthe estuary within
ranges preferred by southern steelhead. As ardduimieus, the location of
the Santa Anita Creek estuary at one of Hollist@ndR’s frequently visited
group areas provides potential for showcasing t#wecR’'s restoration and
conservation efforts. Informative signage coulcctemated and installed near
the estuary to educate residents and visitors aheuRanch'’s restoration
work.

By addressing these specific recommendations, tikstér Ranch Conservancy
could improve passage and rearing conditions inegSanita Creek by the amounts
indicated in this report, and enhance the creeparian habitat from the ocean to the
natural barrier.

101



REFERENCES

American Society of Civil Engineers (ASCE). (199Guidelines for retirement of
dams and hydroelectric facilities. New York: ASCE.

Bond, M. H. (2006). Importance of estuarine neguto central California steelhead
(Oncor hynchus mykiss) growth and marine survival. MA Thesis. Univéysi
of California, Santa Cruz, CA.

Boughton, D. A., Adams, P. B., Anderson, E., Fus@roKeller, E., Kelley, E.,
Lentsch, L., Nielsen, J., Perry, K., Regan, H.,t8ml., Swift, C., Thompson,
L., & Watson, F. (2006). Steelhead of the sowahtial/southern California
coast: population characterization for recoverypiag. NOAA NMFS
Technical Memorandum 394. Retrieved on March 0882rom
http://swfsc.noaa.gov/publications/TM/SWFSC/NOAA-TWMMFS-SWFSC-
394.PDFE

Boughton, D. A., Fish, H., Pipal, K., Goin, J., 8@, F., Casagrande, J.,
Casagrande, J., & Stoecker, M. (2005). Contraatficdthe southern range
limit for anadromou®ncorhynchus mykiss. NOAA NMFS Technical
Memorandum 380.

Boughton, D. A., Gibson, M., Yedor, R., & Kelley, E2007). Stream temperature
and the potential growth and survival of juver@ilecorhynchus mykissin a
southern California creelreshwater Biology, 52, 1353-1364.

Boughton, D. A. & Goslin, M. (2006). Potentiaésthead over-summering habitat
in the south-central/southern California coast vecp domain: maps based on
the envelope method. NOAA NMFS Technical Memorand91. Retrieved
on March 14, 2008 from
http://swfsc.noaa.gov/publications/TM/SWFSC/NOAA-TNWMMFS-SWFSC-
391.PDFE

Buffington, J. M. & Montgomery, D. R. (1999). Efits of hydraulic roughness on
surface textures of gravel-bed rivei/ater Resources Research, 35(11):
3507-3521.

Cachuma Resource Conservation District & the Céepian Creek Watershed
Coalition. (2005). Carpinteria Creek watersheghplPrepared for the
California Department of Fish and Game. Retriemedanuary 20, 2008
from http://carpinteriacreek.org/watershedplan.html

102



City of Santa Barbara Engineering Division and &seRivision. (2006). Contract
for construction of the Arroyo Burro estuary reatosn project. Retrieved on
February 22, 2008 from
http://www.santabarbaraca.gov/NR/rdonlyres/ED7C8B38%8-45E7-9BC2-
8CA4A3078362/0/ArroyoBurroEstuaryConstructionCoot@AR. pdf

City of Santa Barbara Water Resources DivisiofQ0{3. Water supply management
report. 2007 water year (October 1, 2006 — Sepeerdd, 2007). Retrieved
on January 27, 2008 from
http://www.santabarbaraca.qgov/NR/rdonlyres/235138751-4618-8650-
CAC4FC275211/0/WSMR2007.pdf

Filtration and Seperation.com. (n.d.). The pagephrticle settling. Retrieved on
March 11, 2008 fronmttp://www.filtration-and-
separation.com/settling/settling.htm

FishXing. (1999). FishXing software: version 3.06[DA Forest Service, Six Rivers
National Forest, Eureka, California. Retrievedrabruary 9, 2008 from
www.stream.fs.fed.us/fishxing

Flosi, G., Downie, S., Hopelain, J., Bird, M., Co& & Collins, B. (1998).
California salmonid stream habitat restoration nantrepared for the
California Department of Fish and Game. Retriemedanuary 29, 2008
from http://www.dfg.ca.gov/fish/Resources/HabitatManash.

Gabet, E. J. & Dunne, T. (2003). A stochastidreedt delivery model for a steep
Mediterranean landscap&Vater Resources Research, 39(9), 1-12.

Gaviota Coast Conservancy. (2007). A unique amngkriled area. Retrieved
November 21, 2007 fromnttp://www.gaviotacoastconservancy.org/coast.html

Golden Gate Weather Services. (2007). El Nifiolandlifia years: a consensus list.
Retrieved on February 18, 2008 frinttp://ggweather.com/enso/years.htm

Good, T.P., R.S. Waples, & P. Adams (editors). 800pdated status of federally
listed ESUs of West Coast salmon and steelhead.eéf. Commer.,
NOAA Tech. Memo. NMFS-NWFSC-66, 598 p. RetrievedJanuary 17,
2008 fromhttp://www.nwr.noaa.gov/Publications/Biological-is-
Reviews/upload/SR2005-allspecies.pdf

Graber, B.E., M. Bowman, R.S. Carney, M.W. Doyle,f&her, S.D. Mackey, & L.
Wildman. (2001). Technical issues in small dam remhengineering. The
future of dams and their reservoirs®2ihnual USSD lecture series, Denver,
CO, July 30-August 3.

103



Grant, G. (2005). The geomorphic response of sit@idam removaPNW Science
Findings, 71(3): 1-5.

Harrison, L. & Keller, E. (2007). Modeling forcgaol-riffle hydraulics in a
boulder-bed stream, southern Californ@@eomor phology, 83: 232-248.

Hart, D.D., T.E. Johnson, K.L. Bushaw-Newton, Ridrwitz, A.T. Bednarek, D.F.
Charles, D.A. Kreeger, & D.J. Velinsky. (2002). Daamoval: Challenges
and opportunities for ecological research and niestorationBio-Science,
52(8): 669-681.

Hendrickson, B., Ferren Jr., W. R., & Klug, T. dr). Botanical resources of Hollister
Ranch, Santa Barbara County, CA. Environmentéihget Prepared for the
Hollister Ranch Conservancy. Retrieved on Noven3e2007 from
http://www.hollisterranch.org/

Hollister Ranch Conservancy. (2003). About HodfisRanch. Retrieved November
23, 2007 fromhttp://www.hollisterranch.org/about_hr/about_hr.htm

Hollister Ranch Owners Association (HROA). (200€ovenants, conditions, and
restrictions. Gaviota, CA: author.

Keller, E. A., Valentine, D. W., & Gibbs, D. R. 427). Hydrological response of
small watersheds following the southern Califofdganted Cave fire of June
1990. Hydrological Processes, 11: 401-414.

Love, M. & Llanos, P.E. (2005). Stream channskasment for Horse Creek dam
removal project. Retrieved on February 7, 200&fro
http://www.stoeckerecological.com/reports/HorseDaao@orphicReport.pdf

Love, M. & Taylor, R. (2003). California salmorstream habitat restoration
manual. Part IX: fish passage evaluation at stre@ssings. Prepared for the
California Department of Fish and Game. Retriemedrebruary 9, 2008
from http://www.dfg.ca.gov/fish/Resources/HabitatManash.

Los Padres ForestWatch. (2006). Defunct dam dehead in Sisquoc River
watershed. Retrieved on January 20, 2008 from
http://www.Ipfw.org/news/0610horsecreekdam.htm

Matthews, K. R., & Berg, N. H. (1997). Rainbowdut responses to water
temperature and dissolved oxygen stress in twdsouiCalifornia stream
pools. Journal of Fish Biology, 50: 50-67.

104



McEwan, D. & T. A. Jackson. (1996). Steelheadomradion and management plan
for California. Prepared for the State of Calife;nThe Resources Agency,
and the Department of Fish and Game. Retrieveéetmnuary 6, 2008 from
http://www.dfg.ca.gov/fish/Resources/SteelHead/indsp

National Forest Service (NFS). (2006). Decisicgrmmo for Horse Creek Dam
removal project. Retrieved on January 20, 2008\fro
http://www.fs.fed.us/r5/lospadres/projects/analy$sse-Canyon-DM-

Final.pdf

National Marine Fisheries Service (NMFS). (199Endangered and threatened
species: Listing of several evolutionary signifitanits (ESUs) of West Coast
steelhead Federal Register, 62 (159), 43937-43954. Retrieved on February
6, 2008 fromhttp://www.fws.gov/endangered/pdfs/FR/f970818.pdf

National Marine Fisheries Service (NMFS). (200Guidelines for salmonid
passage at stream crossings. Retrieved on Jahua2p08 from
http://swr.nmfs.noaa.gov/habitat.htm

National Marine Fisheries Service (NMFS). (200Endangered and threatened
species: designation of critical habitat for segealutionarily significant
units of pacific salmon and steelhead in Califorfi@al Rule. Federal
Register 70 (170), 52488-52627. Retrieved on NovembeRR87 from
http://www.nwr.noaa.gov/Publications/FR-
Notices/2005/upload/70FR52488.pdf

National Marine Fisheries Service (NMFS). (200Endangered and threatened
species: final determination for 10 distinct popioia segments of west coast
steelhead,; final ruleFederal Register, 71 (3), 834-862. Retrieved on
November 25, 2007 fromttp://www.nwr.noaa.gov/Publications/FR-
Notices/2006/upload/71fr834.pdf

National Marine Fisheries Service (NMFS). (20072007 federal recovery outline
for the distinct population segment of Southernf@alia Coast Steelhead.
Retrieved on November 25, 2007 from
http://swr.nmfs.noaa.gov/recovery/FINAL%202007%20&ary%200utline
%20for%20the%20DPS%200f%20Southern%20CA%20Coasttéeabead
%20091407.pdf

National Marine Fisheries Service (NMFS). (2007H)story of recovery program.
Retrieved on November 25, 2007 from
http://swr.nmfs.noaa.gov/recovery/Recovery Prgm.htm

105



National Marine Fisheries Service (NMFS). (2007Ejsheries glossary. Retrieved
on February 6, 2008 frommtp://www.nmfs.noaa.gov/pr/glossary.htm#a

National Marine Fisheries Service (NMFS). (20078}eelhead listing status maps.
Retrieved on February 6, 2008 frdrtip://www.nwr.noaa.gov/ESA-Salmon-
Listings/Salmon-Populations/Maps/Steelhead-ESU-MAps

National Park Service (NPS). (2003). Gaviota €deaft feasibility study and
environmental assessment. Retrieved on Novemh&@¥ from
http://www.nps.gov/pwro/gaviota/draftreport.htm

Parker, G. (1990). Acronyml visual basic programstrieved on February 18,
2008 fromhttp://cee.uiuc.edu/people/parkerg/excel_files.htm

Questa Engineering Corporation. (2004). Arroyaéimculvert
modification/steelhead passage conceptual despprirePrepared for Ms.
Carolyn Chandler, Land Trust for Santa Barbara @ouRetrieved on
January 20, 2008 from
http://www.scc.ca.gov/sccbb/0606bb/0606Board1l yardiondo Steelhea
d_Passage Ex2.pdf

Ross Taylor and Associates. (2004). County ot&@&nuz stream crossing and fish
passage evaluation. Retrieved on February 9, 068
http://sccounty0l.co.santa-
cruz.ca.us/BDS/GovStream/BDSvData/non_legacy/ag#@@s/20050503/P

DF/029.pdf

Santa Ynez River Technical Advisory Committee. 200A review of effects of
warm water temperature on steelhead/rainbow trBetrieved on January 20,
2008 fromhttp://www.ccrb-
comb.org/Volume%2011%20Appendices/appxg.pdf

Shapovalov, L., & Taft, A.C. (1954). Fish Bulletho. 98. The life histories of the
steelhead rainbow trousglmo gairdneri) and silver salmonCincorhynchus
kisutch) with special reference to Waddell Creek, Califayand
recommendations regarding their management. Rettiem February 6, 2008
from
http://repositories.cdlib.org/cgi/viewcontent.cgifde=1166&context=sio/lib

Skemption, A. W. (1953). Soil mechanics in relatio geology.Proceedings of
Yorkshire Geological Society, 29: 33-62.

Spina, A. (2007). Thermal ecology of juvenileetiead in a warm-water
environment.Environmental Biology of Fishes, 80, 23-34.

106



Stoecker, M. W., & the Conception Coast Proje200Q). Steelhead assessment and
recovery opportunities in southern Santa BarbananGgo California.
Retrieved on November 23, 2007 from
http://www.conceptioncoast.org/all_steelhead regmél2002-06-21.pdf

U.S. Fish and Wildlife Service (F&WS). (2006). \iRsed critical habitat for the
Tidewater GobyHEucyclogobius newberryi). Federal Register, 71 (228),
68913-68995. Retrieved on February 18, 2008 from
http://www.epa.gov/EPA-SPECIES/2006/November/Daje2891.htm

U.S. Fish and Wildlife Service (F&WS). (2008). ised designation of critical
habitat for the Tidewater Gobi£(cyclogobius newberryi). Federal Register,
73(21), 5920-6006.

U.S. Geological Survey (USGS). (1967). Surfacéewheld techniques. Verified
roughness characteristics of natural channelsrigRet on February 18, 2008
from http://wwwrcamnl.wr.usgs.gov/sws/fieldmethods/lredis/nvalues/

U.S. Geological Survey (USGS). (2005). Suspersgeliment database. Daily
values of suspended sediment and ancillary dagédrieRed on February 18,
2008 fromhttp://co.water.usgs.gov/sediment/selRegion.cfm

U.S. Geological Survey (USGSa). (2008). The nafiomap seamless server.
Retrieved on February 18, 2008 frintp://seamless.usgs.gov/

U.S. Geological Survey (USGSb). (2008). USGS Seraater Daily Statistics for
the Nation. Gaviota, CA. 11120550. Time-seriesiDetatistics, Santa
Barbara County, CA. Retrieved on February 9, 2006f
http://nwis.waterdata.usgs.gov/nwis/dvstat/?reterneodule=sw&amp;site_n
0=11120550&amp;por 11120550 1=2207969,00060,1,19661,1986-09-
30&amp;format=html_table&amp;stat _cds=mean_va&amigdformat=YY
YY-MM-

DD&amp;rdb_compression=file&amp;submitted form=paeder selection
list.

107



U.S. Geological Survey (USGSc). (2008). USGS-Seratater Daily Statistics for
the Nation. Jalama, CA. 11120600. Time-seriestyB3datistics, Santa
Barbara County, CA. Retrieved on February 9, 2006f
http://nwis.waterdata.usgs.gov/nwis/dvstat/?reterneodule=sw&amp;site_n
0=11120600&amp;por 11120600 2=2207970,00060,2,19681,1982-09-
30&amp;format=html_table&amp;stat cds=mean_va&amgdformat=YY
YY-MM-

DD&amp;rdb_compression=file&amp;submitted form=paeder selection
list.

U.S. Geological Survey (USGSd). Sacate Quadrafglkfornia — Santa Barbara
Co. [map]. 1:24,000. 7.5 Minute Series. Washindd.C.; USGS, 1953.

U.S. Geological Survey (USGSe). Santa Rosa Hilladpangle, California — Santa
Barbara Co. [map]. 1:24,000. 7.5 Minute Serigshington D.C.; USGS,
1959.

Ventura County. (2005). Matilija Dam ecosystemstoeation project, Ventura
County, California. Retrieved on January 20, 20606
http://www.matilijadam.org/reports/pmpfinal. pdf

108



