bt/ LaL9bdhblble% bh!ha {
{coo[1to g ! ®Y{L.{elI5¢,

Prepared by
ICF
201 Mission Street, Suite 1500, San Francisco, CA 94105
Contact: Forrest Carpentefgrrest.carpenter@icf.com

A4
ZICF
Prepared for

Monterey County Water Resources Agency
1441 Schilling Place, North Building, Salinas, CA 93901



mailto:forrest.carpenter@icf.com

Contents

Chapter 1 INtrOdUCLION............ooo i e e e e e e e e e e e e e e e eaaeeeeeeeeameaneees 1-1
1.1 BaACKGIOUNG........oeiiiiiiiiiiiiiittt ettt 1-1
1.2 [ (0T T=Tod ST =] 1] o S 1-2

1.2.1 Salinas River Hydrology...........ueoiii oo 1-2
1.2.2 Nacimiento and San AntoNio BaSINS............uuvuviiiiiiiiiiiiineeeeeeeeeeeeeeeenns 1-2
1.2.3 SouthCentral California Coast Distinct Population Segment
Steelheadl-3

1.2.4 Steelhead Habitat and Presence in the Study Area............cccoeeeeeeees 1-4

Chapter 2 Review of Existing Information and Design Considerations..............ccccc.c..... 2-1
2.1 Biological and Species Design Criteria...........ccoveevevviiieeeiiiieeiiiiieeeeiieeeeeens 2:2
2.2 Facilities and OpPerations. .......ccoooeeeieireeee e 2-3

2.2.1 Nacimiento River and RESEIVQLL............covviiiiiiiiiiieeeceeii e 2-3
2.2.2 San Antonio River and RESEIVOIL..........uuiiii i 2-5
2.2.3 Development of HCP Reoperation Protocols...............ccooeeiiiveivevennnnne, 2-6

Chapter 3 Evaluation of Passage AILErNativVeS............cc.uvviiiiiiiimiiieeeee e 31

3.1 Biological CONSIraINtS.........cccovuviiiiieiiis et 31
3.1.1 ReSErvoir CONAITIONS. .....ccovveeiiiie i e e e e e e e e e e eeenees 31
3.1.2 Salinas River CoNAItIONS..........uuiii i 3-2

3.2 UPSLream PaSSaAgE. ......uuiiieeriieeieiiieee et e e e e e e e 3-3
3.2.1 Selection of Adult Passage Alternatives...........coccovviiieeeeiiieviiiiee e, 33
3.2.2 US Alternative 1: Volitional Passage via a Fish Laddetr...................... 3-4
3.2.3 US Alternative 2: NoKolitional Passage via Trap and Haul............... 312
3.24 US Alternative 3: Lower Salinas River Jaag-Haul Facility.................. 3-18

3.3 DOWNSIrEaM PaSSAQE. .. .ivvuiiii it e it ettt e e e e e eeas 3-19
3.3.1 Selection of Juvenile Passage Alternatives...............oeevvvvveeeieiinennnnnns 3-20

3.3.2 Existing Condition: DS Volitional Passage through Existing Dam
Outlets  3-20

3.3.3 DS Alternative 1: Passage via Spillway.............ccccooeeeeeeiiiiiiiiiiiiieee, 3-22
3.34 DS Alternative 2: Passage through a Screened Intake and Bypass..3-23
3.35 DS Alternative 3: Floating Surface Collector in Reservoir Forebay...3-28

3.3.6 DS Alternative 4: iRiver Collector Upstream of Reservoir................. 3-32

3.4 Passage ENhanCemMents.........oooiiiiiiii i 3-40
Chapter 4 Steelhead Trout Production Potential in the Upper Nacimiento and San

ANLONIO WALEISNEAS........cvvviiieiieieeeeeime et eeeeeenes 4-1

4.1 Historical CONAItIONS..........coovuiiiiiiieiiieeeieee e e ea e enn e enn D -1

Nacimiento and San Antonio Dams Steelhead Passage i December2024

Feasibility Study



Monterey County Water Resources Agency Content:

41.1 NaCIMIENTO BASIN......ceveeiiiiiii i e e e e e e e e i -1

4.1.2 San ANtoNIO BasSiN..........oiiiiiiiii e 4-4

4.1.3 SUMIMIATY. ottt et e et e e et s e e e e e e n e e eb e e et e e ean e naa s 4-6

4.2 Characterizing Upper Basin Ozx8ummer Intrinsic Potential....................... 4-7
4.3 Evaluation of Hydrologic ConditiQns...............cccevviiiimimiiiiiiiiiiiiiiies 4-8
4.4 Evaluation of Passage Impediments.........cccoovviiiiiiiie e -14
44.1 Topographic IMPedimentS............coovviiiiiiiiiieiiii e -14

4.4.2 Artificial and Natural BarrierS.........cccuuiieiiiiiii e 4-18

4.5 Water Quality CONAITIONS..........vuueiiiiiiiiiiiiieies e ee e eeeeeeeend -1
4.6 Current Habitat CoONItIONS..........ccovviuiiiiiii e 4-7
4.6.1 1YL= 1 0 To £ RUPPRT” b 4

4.6.2 TS U (P 4-8

4.6.3 DISCUSSION . ...uuciiiii e e e e e e e aaa s 4-26

4.7 Upper BasiD. MykisProduction Potential............ccccccceeeeeeeeeeiicenneeenn 427
Chapter 5 Conclusion and RecommendatiQnsS.............cevevveereevimiieniinnnsnesneseeeseeeeeeesmeeees 5-1
51 NaCIMIENTO DaM......iiiiiii e e eeeas 51
5.2 SanN ANTONIO DAL ....ooiiicceii e e e 5:1
5.3 Additional ConSIderations.............ccuuiiiiiiiiieeeiie e 5-2

(O P o] (=] g G R =] (=] 1T [0 6-1
Nacimiento and San Antonio Dams Steelhead Passage December2024

Feasibility Study ii



Monterey County Water Resources Agency Content:

Acronyms and Abbreviations

°C degrees Celsius
°F degrees Fahrenheit
amsl| above mean sea level
AF acrefeet
basin Salinas Rivebasin
CDFG California Department of Fish and Game
CDFW California Department of Fish and Wildlife
cfs cubic feet per second
cm centimeter
DO dissolved oxygen
DPS Distinct Population Segment
ESA federalEndangered Species Act
FERC Federal Energy Regulatory Commission
FSC floating surface collector
FWC floating weir collector
HCP Habitat Conservation Plan
HLOW high-level outlet works
LLOW low-level outlet works
MCWRA Monterey County Water Resources Agency
mg/L milligrams per liter
mL milliliter
NHC National Hydrography Dataset
NWSC & CCSE Nacitone Watersheds Steering Committee and Central Coast Sal
Enhancement
NMFS National Marine Fisheries Service
NWPCC Northwest Power and Conservation Council
RM river mile
SCCC SouthCentral California Coast
SRDF Salinas River Diversion Facility
SVWP Salinas Valley Water Project
TDS total dissolved solids
USFS U.S. Forest Service
USGS U.S. Geological Survey
Nacimiento and San Antonio Dams Steelhead Passage December2024

Feasibility Study iii



Chapter 1
Introduction

1.1 Background

The Salinas River is the longest river systemlongthe central California coast Fertile soils in

the floodplain, a highly favorable climate, and the use of river flows for aquifer recharge and
irrigation make the Salinas Valleyone of the most productive agricultural regions in California
generating billions of dollars for the regional economy. Howevergiven the intense agricultural
demand in the basin and pervasive drought conditionsyater allocation and management has
been challenging. Specificallystakeholders in theSalinas Riverbasin (basin) have been faced
with maintaining stream flows for agriculture and species habitat; controlling periodic flooding;
managing invasive species; and addressing impaired water quality, loss of riparian vegetation,
encroachment on the stream channel, and ad hoc bank stabilization.

Monterey County Water Resources AgencyCWRA is the primary local agency managing
water and minimizing flood risks along the Salinas Riveand in Monterey County MCWRA
operates the San Antonio and Nacimiento Dasrand avariety of other water management
facilities along and near the Salinas Rivexs part of the Salinas Valley Water Project (SVWmP)
2020, following development of the Salinas River Longerm Monitoring Plan (MCWRA and
CSCC 2019)MCWRA begapreparing a Habitat Conservation Plan HCB to cover non-federally
funded or permitted activities associated with theMCWRASalinas River water management
systemunder the federal Endangered Species ACESA.

To support the development of the Salinas RiveédperationsHCR this study evaluates the
feasibility of providing passagefor adult and juvenile steelhead trout Oncorhynchusnykisg at
Nacimiento and San Antoniddams Evaluation of fish passage alternativelsasbecomea

common requirement of ESA consultations for water infrastructure and dam projects where
listed fish species are unable to accessstoric spawning and rearing habitats upstream of

dams. The Salinas River HCP is intended to provide an effective framework to protect, enhance,
and restore natural resources in specific areas of the basin. The purpose of the HC® igstore

the balance between natural resource conservation and water resources management by
improving habitat conservation efforts in the Salinas River watershed.

A key component to habitat conservation as it relates to listed species is restoring and
improving access to historical habitats, such as salmonid spawning and rearing habitat above
impassable dams. On March 25, 2022, the National Marine Fisheries Sen{ld®FS
recommended MCWRA assess fish passage feasibility at Nacimiento and San Antonio Dams as it
relates to ESAlisted South-Central California Coas{SCCCPpistinct Population Segment (DPS
steelheadtrout (listed as Threatenedin 2006; 71 FR 834). NMFS expects that addressing
passage at both facilities is likely to meaningfully increase adult escapemg(fish returning

from the ocean)to the basinand juvenile production while improving population viability and
moving the DPS closer to recovery. This study has been prepared in respons¢i® NMFS
recommendation and to ensure tlt all conservation strategies areconsideredwhile developing
the HCP The goal of thigeport is to evaluate the feasibility of multiple fish passage alternatives
at the Nacimiento and San Antonio Dams for adult and juvenile steelhead trautd satisfypart

of the preliminary design phase described in NMFS (2022While this study does notprovide
specific desigh recommendations and cost estimates associated with each alternative, it does

Nacimiento and San Antonio Dams Steelhead Passage December2024
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provide recommendations on the most feasible option given the species biological
characteristics, facility information, andbasin hydrologic characteristics.

1.2 ProjectSetting

The dam facilities impound the Nacimiento and San Antonio Riverdhoth prominent tributaries
to the Salinas RiverFor more detailed information on the Salinadasinas a whole, refer to the
Long-Term ManagementPlan (MCWRA and GSC 2019. The following sections provide
information necessary to evaluate fish passage alternatives at Nacimiento and San Antonio
Dams.

1.2.1 Salinas RiveHydrology

The Salinas River watershed is the largesin the central California coast, draining
approximately 4,240 square miles of land in Monterey and San Luis Obispo Countis8QWRA
2014a). The headwaters of the Salinas River begin in the Santa Lucia and La Panza Mountain
Ranges, in the Los Padres National Forest, and flow approximately 184 river miles north by
northwest through the Salinas Valley and into the Monterey Bay near Castrovil®1CWRA
2014a). The principal tributaries of the Salinas River floodplain within the plan area are the
Nacimiento River, the San Antonio River, San Lorenzo Creek, and the Arroyo Seco Riany

of the tributaries to the Salinas River watershed are not gaged, meaning that streamflow,
temperature, and water quality in these tributariesare not monitored. Only a handful of stream
gages exist in the watershed and are shown drigure 1-1.

1.2.2 Nacimientoand San Antonio Basis

The Nacimiento River isa major tributary of the Salinas Rivethat originates from the Santa
Lucia Mountainsin the Los Padres Natioal Forest atan elevation 3350 feet abovemeansea
level (amsl). The Nacimientobasindrains approximately 362 square milesand is regulated at
river mile (RM) 10 by NacimientoDam; Nacimiento Reservoir forms behind the danirhe river

is approximately 55 mileslong andflows southeast before joining the Salinas RiveMuch of the
Nacimiento River remains dry during the summer monthexcept forthe headwaters in the
Santa Lucia MountainsThe basin is typically divided into two areas: the lower basin that drains
directly into the reservoir and the upper basin that drains into the Nacimiento RiverPerennial
conditions in the Nacimiento River exist in the uppermost reachedNWSC and CCSE 20Q08)

The San AntonidRiver is another major tributary to the Salinas River that also originates in the
Santa Lucia Mountains in the Los Padres National Forest at an elevation o080 feet amsl
(NWSCand CCSE 2008)The San Antonidbasindrains approximately 344 square miles and is
impounded by San Antoniddamand Reservoir. The river is approximately58 miles long

flowing southeast before joining the Salinas RiveMuch of the San Antonibasinis dry during
the late summer and fall monthssprings near the hadwaters flow yearround (NWSCand
CCSE 2008However, the existenceof perennial streams in the upper watershed have not been
recently evaluated.

The two dams are jointly managed by MCWRA to control flood risk, recharge Salinas Valley
aquifersto support irrigation and agriculture, enhance recreation and provide flows for Salinas
River steelnead MCWRAandCSCC 20197y AOAO Al 1 OAOOAOGEIT EO OEA
and is accomplished primarilythrough groundwater recharge into Salinas Valley aquifers

Nacimiento and San Antonio Dams Steelhead Passage December2024
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through targeted releases from Nacimiento and San Anton@ams(MCWRAand CCSC 2019)
Together the Nacimiento and SaAntonio Rivers account for roughly 75% of the Salinas River
flow (NWSCand CCSE 2008)Overall,about three times as much water flows into Nacimiento
Reservoir comparedto San Antonio Reservoirdue in part to differences in meteorological
conditions and geologic characteristic§NWSCand CCSE 2008Nacimiento and San Antonio
Damshaveyear-round minimum releaserequirements of 60 cubic fed per second €fs) and 3
cfs, respectively (Stillwater Sciences 2020)Flows in bothsystems have been significantly
altered since the dams were built. In the Nacimiento Rivewinter and early spring flows
downstream of the dam have decreased and late spring flows have increasefien exceeding
500 cfs(Stillwater Sciences 2020)In the San Antonio Riveseveralhundred cfs is releasedn
the summerfor agricultural purposes, depending on the water year typgStillwater Sciences
2020).

1.2.3 South-Central California Coad2istinct Population
SegmentSteelhead

1.2.3.1 Life History

Oncorhynchuamykissare known for having a particularly diverse set of liféhistory strategies
exhibiting resident, migratory, andanadromous forms. Anadromous variants, known as
steelhead, migrate to the oceaas juveniles(known as smolts)to mature, whereas residents,
known as rainbow trout, remain in freshwater for the entirety of their lives. Anadromous
steelhead can produce resident offspring, just as resident rainbow trout can produce
anadromous offspring, and the two lifehistory variants are known to interbreed. Steelhead are
generally classified as winter or summer-run ecotypes depending on when they return to fresh
water to spawn. Salinas River steelhead are winter run and generally migrate upstream
between December and April and spawn shortly aftefTable 1-1) (Stillwater Sciences 2020)
Steelhead, unlike salmon of the same genu®iicorhynchuy are iteroparous meaning they can
spawn more than once in their lifetime. Repeat spawning in the SCCC DPS has not been
thoroughly investigated; therefore, it is unknown how many individuals exhibit repeat
spawning and how this mayaffect population dynamics(NMFS 2013)

Within the SCCC DP&,few watersheds support the expressiom life history type termed

(dagoon anadromousdin California, some river estuaries become cubff from the ocean during

the summer by sandbars creating a seasonal lago@dMFS 2013) When this happens,some
juveniles may migrate downstream and oversummer in the seasonal lagoons before migrating
out to the ocean the following springvhen the lagoa opens to the ocean. This lifaistory

strategy gives individuals an advantage as thesangrow larger before entering the ocean
environment, increasing their likelihood of survival and probability of returning as adults to
spawn.However, if the lagoon remains closed off from the ocean during the adult migration
period, adultsare notable to access th river and reach spawning areas. Expression of a

Ol AGATTAAOT 11 0606 1 EEAA EEOOI OU EAO AAAT 1 AOGAOOGAA
estuary is blocked by a sandbar. In this case, steelhead were observed migrating downstream to
the lagoon where they spent several months before migrating upstream to spawiMCWRAand
CSCC 2019)

After spawning, deposited ggs incubate within graves from 3 to 8 weeks depending upon
water temperatures (NMFS 2013)before emergingas alevins.Alevins emerge from gravels as
fry between 2 and 6 weeks afterhatching and move into the shallow and offchannel habitats
that provide protection from predators and high flows.Juvenile steelhead remain in freskvater

Nacimiento and San Antonio Dams Steelhead Passage December2024
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between 1 and 4 years, occupying a wide variety of habitat types including stream margins,
main channel, and offthannel areas (e.g., backwateyside channels). As individuals grow
larger, ontogenetic shifts in behavior result in juvenilesising more diversehabitat features. For
example, foraging juveniles move to migchannel habitat, commonly in or near riffles, rapids,
and cascades, to establish territories and feed. They tend to choose territories in faster,
shallower water as it is best suited to their style of feeding. Cover is an important habitat
feature that helps juveniles avoid high temperaturesand predation. Riparian vegetation, large
woody debris, and large substrat€cobbles and boulder$ provide cover for juveniles and are
important for high-quality steelhead habitat. Juvenilesindergo smoltification (a complex series
of physiological changes where youngalmonid fish adapt from living in fresh water to living in
seawater) and migrate to the ocean in late winter andspring and spend betweerl and4 years
in the ocean maturing before returning to spawn in frestwater as adults(NMFS 2013)

1.2.3.2 Population Status

Steelhead populations across th8 CCOPS have declined dramatically from theiestimated
historical abundance. NMFS (201Bestimated that historically runs were often greater than
25,000 and have since declined to roughly 500 fish per year. Historically, steelhead were widely
distributed throughout the Salinasbasin,including the Arroyo Seco, Nacimiento, and San
Antonio Rivers. Between 2010 and 2014ocumentedescapementto the Basinvia upstream
migrant trapping ranged from Oto 43 adults (Cuthbert et al. 2014) (Figure 1-2). Juvenile
steelhead outmigrationis also low, with fewer than 10 juvenile migrants captured annually in
the upper Salinasbasin between 2010 and 2014(Cuthbert et al. 2014). Sampling data suggests
that the Arroyo Seco River in the lower Salinalsasinis more productive, with substantially

more juveniles sampled during outmigration monitoringrelative to other locations (Figure

1-3).

1.2.4 SteelheadHabitatand Presencén the Study Area

MCWRAhas conductedseveralyears of stream surveys in théower rivers to assesssteelhead
populations and conduct fisheries monitoring An understanding of thehabitat conditions
required for the migratory fish speciesneedingpassage is critical to assessing alternatives and
ultimately designing an effective passage system. Specifigbitat characteristics important for
steelheadto considerin the upper Salinas watershedas part of the feasibility assessment
include streamflow, stream channel gradientand water quality. The following subsections
explore thesehabitat conditions in both the Nacimiento and San AntoniRivers.

1.24.1 Nacimiento River

Hydrology

The Nacimiento River was historically capable of producing large flows, but after construction
of Nacimiento Damthe seasonal distribution and magnitude of flows entering the Salinas River
has been significantly altered; in general, wet season flows have been reduced and dry season
flows haveincreased(MCWRA and CSCC 201%ince Nacimiento Damwas installedin 1956,
peak flowsin the lower river (downstream of the dan) have declined between 78 and 95%
(Table 1-2 and Figure 1-4). The lower river is about10 miles long to its confluence with the
Salinas River.

The lower Nacimiento River is characterized by a low gradient and wide sections. Riparian
vegetation is generally sparse but is present in some reaches. Typical substrate consists of

Nacimiento and San Antonio Dams Steelhead Passage December2024
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gravel with somesand and cobbleStreamflow is a major limiting factor for steelheachabitat in
the Nacimiento River below the danbecauseit is largely controlled byreservoir releases Hows
are typically low in the winter and high in the spring and summer to accommodate agricultural
irrigation water supply downstream in the Salinas River basir{Stillwater Sciences 2020)
Summer flow releases from the dam are primarily responsible for cool water temperatures
which likely provide a benefit to steelhead during peak summer temperatures. However, the
value of cool water releases from the dam may be attenuated by the lack of velocity refuge in
the reach downstream of the dan{Stillwater Scienas 2020). A consultation with NMFSby
MCWRAdetermined that aminimum flow of 60 cfs as measured at th&).S. Geological Survey
(USG¥streamflow gagealong Nacimiento River below Nacimiento Dam neaBradley would
provide adequatesteelheadrearing habitat in the lower Nacimiento River. Until a conclusive
study on steelhead rearinghabitat is completed, the biological opinion has defined 60 cfs as the
minimum rearing flow for the Nacimiento Riverbelow Nacimiento Dam(NMFS2007; MCWRA
2018a).

Water Quality

Water quality is a measure of the physical, chemical, and biological characteristics of water and
is influenced by factors both within the waterbody and by influences from stream runoff
outside of the waterbody. The Salinas River watershed is in the jurisdion of the Central Coast
RegionalWater Quality Control Boardwhich is responsible for adopting water quality control
plans. Nacimiento Reservoir is a 303(d)isted waterbody for the pollutant mercury and the
Nacimiento River downstream of the reservaiis 303(d) listed for pH.In the Nacimiento River,
the mean surface water quality objective fototal dissolved solids (TDS is 200 milligrams per
liter (mg/L) (CARWQCB 2019)MCWRA biannually monitors surface water conditions in
Nacimiento Reservoir for dissolved oxygen (DO), temperature, nutrients, and general minerals,
which includes TDS. Three of these water quality indicatoestemperature, DO, and TDS are
important for steelhead. Generally, DO concentration should remain above 7.0 mg/L at any
time. MONRA recently analyzed water samples collecteid September2021 for TDSand found
concentrations were slightly higher at the surface compared to a depth of 98et: 210 mg/L and
205 mg/L respectively. MCWRA has monitored temperature and DO in Nacimiento Reservoir
since 2005.Generally,DOis less than 15 mg/L at the surface anduickly declinesto near zero

as depth increass (Figure 1-6). A similar trend was observed with reservoir water
temperatures; temperatures were generally high at the surface and decreased with depth
Depending on the time of year surface temperatures exceeded @6grees Celsius°C) and
temperatures near the reservoir bottom werebetween 10 and 15C.

Habitat conditions in the lower river contain some suitable habitat for steelhead and are
characterized in general by low channel gradients, gravel substrate, sparse riparian vegetation,
and warm water temperatures ranging from 11 to 23C(Cuthbert et al. 2014). Water
temperatures are generally cooler closer to the dam where riparian vegetation genser,and
channel substrate is largerSuitable spawning habitat exists along with many deep pools in the
lower river , suggesting that area can support steellasl; recent captures of juveniled. mykiss
indicate that some natural production is occurring in the lower river(Cuthbert et al. 2014).

Water temperatures above 28 increase stress and disease susceptibilitgnd cause individuals
to lose their competitive edge with other fish(Reeves et al. 1987)Water temperature becomes
lethal around 253 (Brett 1952; McCullough et al. 2009)During water profile surveys
conducted in spring 2022, temperatures at the reservoir surface were 2@ and DGluctuated
between 6 and 9 mg/L at depths less than 20 feeF{gure 1-6). Given that the 2022 surveys
were completed in the spring, temperatures are likely to be cooler in the late winteand early
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spring when adult steelhead are actively moving upstream. DO was also low during the spring
survey, but similarly may be more suitable during the coolemetter part of the year when
inflows into the reservoir are likely higher. However, given the persistent drought conditions in
Salinas Valley, temperature and DO may be poor during longer portions of the ygaarticularly
during long periods without rainfall.

Steelhead Presence

Limited steelhead presence in the Nacimiento River below thdam has been documented
(Stillwater Sciences 2020) although aduls and juveniles have been observed infrequently and
in very low abundances(Cuthbert et al. 2014a2014b). Dive count surveysalong four
monitoring sites (Sites 1z4) in the lower river in October2014 resulted in positive observations
of O. mykisst three of the fou sites surveyed, with the negative observationbeing the most
downstream (MCWRA 2014). Site 2(about 3 kilometers downstream of Nacimiento Dam had
the highest density ofO. mykissvith an estimate of 5.93 fish per 100 metersand contained
beneficial habitat in the form ofundercut banks and a boulder formatiorthat created diverse
flow conditions. A standardized average from the 2014 survey estimates that the total number
of O. mykissn the entire lower river is approximately 500 fish.On a subsequent surveyni 2017,
two young-of-the-year steelheadwere observed atSte 2 (Cuthbert et al. 201§. The results
from these surveys show thaO. mykissppear toassociate with specific habitat that creates
complex flow conditions, rather thanwith a specific position in the river (MCWRA 2018).

1.2.4.2 San Antonio River

Hydrology

The San Antonio River watershed was historically capable of producing large flows to the
Salinas River prior to the construction of San Antonio Damfter its construction in 1967, the
seasonal distribution and magnitude of flows entering the Salinas River significantly altered; in
general, wet season flows reduced and dry season flows increas@&tie reservoirflows released
during the dry season to maximize groundwater recharge adversely affettie riparian
community, river hydrology, and steelheadhabitat by changing thenatural seasonafflow and
dynamics of the river system (MCWRA and CSCC 2019CWRA maintairs a minimum release
flow of 10 cfs from San Antonio Reservoir until the surface elevation of San Antonio Reservoir is
at or belowthe minimum pool elevation 666 feetamsl (MCWRA 2005. The minimum release
flow into the lower river is not favorable tosteelheadspawning or rearing habitatas this
streamflow does not provide adequate habitat composition needed for steelhedBENTRIXand
EDAW 2002).

Water Quality

San Antonio Reservoir is a 303(d)isted waterbody for the pollutant DDT and the San Antonio
River downstream of the reservoir is 303(d) listed for E. coli and pH. MCWRA-&hnually
monitors reservoir surface water at San Antonidamfor DO, temperature, nutrients, and
general minerals, which includesTDS Three of these water quality indicatorg temperature,
DO, and TD% are important for steelhead trout habitat requirements. Forcold freshwater
habitat, the criteria reference forDOconcentration is to reman above7.0 mg/L at any time. In
the San Antonio River, the mean surface water quality objective for TDS is 250 mg/L
(CARWQCB 2019)MCWRA has monitoredvater temperatures and DO levels in San Antonio
Reservoir since 2008DO0Olevels are highest at the surface and quickly decline to ze(bigure
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1-8). Surface water temperatures often exceeded 2Cand declined to roughly 1GCnear the
reservoir bottom.

Thermal stratification may occur in the San Antonio Reservoir from spring through fall. During
the stratification period (summer), surface water temperatures may range between 20 and
27°C, while at depths greater than about 30 feet water temperature is typically between 12 and
17°C(NWSCand CCSE 2008)Temperatures exceeding 20°C amgenerally unsuitable for
steelhead migration and for other coldwater species(Bjornn and Reiser 1991) However, some
studies have noted that California steelhead can tolerate temperatures in excess of 204@&n
food resources areabundant,and temperatures cool at night (Casagrand2010). Similarly,
Thompson et al. (2012) observed no steelhead in Salinas River tributaries whemaximum
water temperatures exceeded 26°C and mean temperatures exceeded 21.3R@itionally,
steelhead require relatively high DO concentration$> 7 mg/L) for fish spawning andcold-
water habitat (CARWQCB 2019hand during the summer months, DO cocentration drops below
the thermocline, negating the possibility of trout habitat (NWS@nd CCSE 2008).

Steelhead Presence

The San Antonio River is one of three tributaries in the Salinas River watershed consideted
beA OPOET AEDAI OOAAI ERAAOADOAxT ET EOAOCEBAC 11 OEA OI
-#72180 "EI 11T CEAAI). InfdriatioR felatedjta hab&aB corglitionsyof the San
Antonio River downstream of San Antonio Dam indicatthat steelheadspawning and rearing
habitat is limited by substrate, channel formtemperature conditions,and streanflow (MCWRA
2005). Specifically, in the2015 presencesurvey along 4.3kilometers of the river, streamflows
measured5 cfsand water quality measurements showedvater temperatures between21.8°C
(a.m. hours) and 26.8°C(p.m. hours) and DOconcentrations between2.8 mg/L and 7.9 mg/L.
Given these water temperaturesit is likely that daily maximum temperatures at this site were
approaching or exceeding the lethal thresholdor steelhead However,this was near the peak of
the extendeddrought period that occurred between 2012 and 2016 throughout California
resulting in severelyreduced flows throughout the Salinas ValleyAdditionally, channel
substrate was composedprimarily of sand, silt, and finesexcept forintermixed gravel in the
pool immediately downstream from the dam. Thereforethe surveydid not identify any
locations that would provide suitable holding habitat for O. mykissinder existing streamflow,
with the exception of the small pool directly below the damAdverse environmental conditions
in the lower San Antonio Riverattributable to naturally occurring sulfur bacteria and
compounded by low river flowshascreated unsuitable conditions for steelhead in most years.

The mostrecent steelhead presence surveyisiclude a stranding surveyin September 2013 and
a presence/absence survey in August 201%oth below the dan. Results of bothindicate that
the Lower San Antonio River is unlikely to harbor many, if any, steelhead under typical
conditions (Cuthbert et al. 201§. Although the lack of evidence fosteelheadpresenceduring
this survey cannotconfirm absence of the species in the survey readhg surveyconcluded that
steelheadpresencewas highly unlikely under measuredenvironmental conditions (Cuthbert et
al. 2018).
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Tablel-1. Salinas Rive®teelhead Trout Life History Timing

Life stage

Smolt Outmigration

Adult Migration

Adult Outmigration (Kelts)

Egg Incubation

Juvenile Rearing
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Figurel-3. AnnualCounts of Juvenile O. mykisssampled viaRotary Screw Traps on the Salinas,
Nacimiento, and Arroyo Seco Rivers from 2010 to 2017

Tablel-2. Peak FlowAnalyses forStream @ges in the Upper Salinas RivBasin

Peak Flow (cubic feet per second)
Gage Years 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year

Nacimiento River 193871956 20,000 37,000 51,000 69,000 83,000 98,000
near San Miguel (pre-dam)

Nacimiento River 195772018 1,000 3,000 6,000 10,000 15,000 22,000
below Nacimiento  (post-dam) (-95%)  (-92%)  (-88%)  (-86%)  (-82%)  (-78%)
Dam near Bradley

Salinas River near 195722018 4,000 16,000 32,000 67,000 107,000 162,000
Bradleye

Sources: U.S. Geological Survey 201BICWRA and CSCC 2019

aUSGS Gage 11149500 located near the San Luis Obispo/Monterey County border, approximately 7 river miles
downstream of dam (Latitude 35°47'00", Longitude 120°47'24" NAD27).

b USGS Gage 11149400 located approximately 2 river miles downstream of dam (Latitude 35°45'41", Longitude
120°51'16" NAD27).

cUSGS Gage 11150500 located approximately 6.5 river miles downstream of town of Bradley (Latitude 35°55'49",
Longitude 120°52'04" NAD27).

Nacimiento and San Antonio Dams Steelhead Passage December2024
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Figurel-4. AnnualPeak Hows (cubic feet per second) from 1958 to 20R&corded by USGS (gage
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Figurel-5. Mean Daily How ExceedanceProbabilities Calculated for USGS gadd.149400on the
Nacimiento River below Nacimiento Dam near Bradley from Octobet988, toNovember 2,
2022
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Tablel-3. Exceedanc®robabilities andRecurrencelntervals for Nacimiento and San Antonio
Rivers

Annual Exceedance Recurrence Interval Nacimiento Discharge San Antonio Discharge

Probability (%) (n-year flood) (cfs)a (cfs)p
96 15 0.10 0
50 2 116 7
43 2.33 185 10
20 5 401 100
10 10 478 225

4 25 591 370

2 50 1,630 550

1 100 3,120 736
0.5 200 4,240 1,080
0.02 500 6,290 2,500

aCalculated using data from the USGS gage (11194900) near Bradely, CA from 1958 to 2022.
b Streamflow is not measured downstream of the San Antonio Dam. Exceedances were calculated using dam release
data from October 2, 1966, to August 30, 2021.
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Figurel-6. Water Quality Profiles Measured by MCWRA in Nacimiento Reserioétween 2005
and 2024
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Figurel-7. MeanDaily DischargeExceedanceProbabilities Calculated using San Antonio Dam
Discharge data from October 2, 1966, to August 30, 2021
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Figurel-8. WaterQuality Profiles Measured by MCWR#& San Antonio Reservoir between 280
and 2024
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Chapter 2
Review of Existing Information anBesign
Considerations

This assessment relies on th&IMFSAnadromous Salmonid Design ManugNMFS 2022)to

evaluate the feasibility of passage alternativeat Nacimiento and San Antonio Damds he

manualOD O OEAAO OPAAEZEA EEOE bBekihicahBAstanEAfdriffisthE OU AAO
passage] actions within the WCR (West Coast Reg@i®ar NMFS to provide technical

assistancethey require the following information to be provided as part of afeasibility

assessment

1 Functional relationship between the proposed fish passage facilities as related to project
operations and streamflows.

9 Site and physical information includng basin hydrologic characteristicsproject operations,
stream or river morphology, and sediment and debris conditions

9 Biological information including salmonid biological characteristicsnon-salmonids
requiring passage, predation risk, fish behavioradditional research needs, streamflow
requirements, poaching risks, and water quality

1 Operations and maintenancénformation such as plans, funding sourcesnd schedule of
operations.

Based on these requirements, this preliminary evaluation of conceptual fish passage
alternatives reviews existing conditions within each reservoir and the riverchannel
immediately downstream of thedamsaswell asbiological and life history characteristics of
SCCC DPseelheadin relation to NMFS requirements for specific fish passage alternatives
According toNMFS Gish passage must be safe, timely, and effectivihe risk of physical injury,
stress, and passage delays must be minimal, and the system must be capable of passing
sufficient numbers of adults upstream and juveniles downstream to support a viable
populationd6(NMFS 2021) In general, NMFS requires fish passage be designed to allow
volitional passagewhenever feasibly possiblNMFS 2022)

This analysisalsorelies on fish passage feasibility studies completed in California and Oregon
andtwo review documents to inform theO O O Anaysid and conclusions. Specifically, this
evaluation isinformed by recent passageassessmentcompleted by R2 Resource Consultants
for Bowman Dam on the Crooked River in OregqiiR2 Resource Consultants Inc. 202@nd an
evaluation at Santa Felica Dam on Piru Creek in the Santa Clara River watershed by the United
Water Conservation District(Santa Felicia Dam Fish Passage Panel 201@develop passage
alternatives and analyze feasibility Similarly, information summarized by the California
Department of Water Resource$DWR 2013)and the Northwest Power and Conservation
Council concerning fish passage technologies at large dams in California and the Pacific
Northwest (NPCC 2016)wasalsoused to describe and evaluate passage alternatives. Heae
studiesand review documents provided valuable information on design, appropriate
applications, costs, and examples where passage technologies hbeen successfully
implemented.

Nacimiento and San Antonio Dams Steelhead Passage December2024
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2.1 Biological and Species Design Criteria

An understanding of the biological characteristics of thenigratory fish speciesrequiring
passagsés critical to assessing alternatives and ultimately designing an effectiyssage
system.Migratory fish species for passage considerations this study are adult and juvenile
steelhead trout.Specificspeciescharacteristics important to consider as part of the feasibility
assessment and design process includeigration timing, jumping ability, swim speed,run
abundances, and passage depths

Potential run timing for upstream migrants is necessary tassess passage facility requirements
at Nacimiento and San Antonio Dam#s noted inSectionl1.2.3 South-Central California Coast
Distinct Population Segment Steelheaadult steelhead nigrants typically enter the system
between December and April Table 1-1). Adult steelhead migration into the Salinas River is
dependent on accesand sufficient water in the Salinas River to accommodate upstream
movement. It is common fora sandbarto form at the mouth of the Salinas Rivedagoonand
block accesgo the river from the ocean MCWRA managesonnectivity to the oceanto prevent
or alleviate flooding by grading or excavating gilot channel across the sandbar tallow the
river to reconnect to the ocean The initial breach usually occurs in conjunction with winter
storms between Novemberand January butcan occur anytime between October and June
(Hagar Environmental Science 2015)River flow may recede to low levels between storms and,
depending on tide and wave conditions, the mouth may close again for periods of tirfiéagar
Environmental Science 2015) If the sandbar is nobreached,then both adult and juvenile
migrants are less likely to complete their respective migrations. Similarly, it is common for
portions of the Salinas Riveto go dry at various points during the yearpresenting another
impediment to fish passagg Figure 2-1).

The potential ability of adult salmonids to migrate upstreamis a function of streamflow velocity
and water depth. Additionally, the ability of salmorids to pass overstream barriers depends on
the swimming velocity of the fish, the horizontal and vertical distances to be jumped, and the
angle to the top of thepotential barrier (Bjornn and Reiser 1991) Established mssagecriteria
over obstacles for adultO. mykissequiresa1:1.25 height to pool depth ratio based on jumping
ability and associated streanhydraulics, while studies suggest arnoutfall drop to pool depth

ratio of 1:1 as @nducive to leaping(Weigel et al. 2013 Pearson et al. 200k A study by Reiser
and Peacock (1985) computeanaximum jumping heights ofadult steelhead based omarting
speedsand observeda maximum jumping height of 3.4 meters. Juvenile coho salmon (~100
millimeter hatchery fish) were capable, although at a very low percentage (3%), of overcoming
a culvert-outlet outfall drop equivalent to approximately 2.5 body lengths. For the test
conditions, the threshold for leaping success occurred at outfall drops between 2abd 3 body
lengths (Pearson et al. 2005)For pool and weir fish ladders, the recommended head
differential between pools is1 foot for most salmon and trout, which can leap from pool to pool,
and 0.75foot for chum salmon Fish Passage Tdmologies1995). Exploring potential fishpool
head differentialsin subsequent sections is importantvhen designing fish passage structures
to enable the highest probability of steelhead ugtream migration.

Adult migration can vary annually occurring early in December or towards the end of March
(FISHBIO2018). Adult migration often occursafter high flows when the lagooris open to the
ocean FISHBIO2018). For this study we assume that adult migrants would be entering the
system and migrating upstream between December 1 and April Recent monitoring efforts
show the number of adult steelhead returning to the Salinas Rivdras been low(Figure 1-2);
between 2010 and 201 7fewer than 75 adults were observed passinghe Salinas River weir at
RM2.75.Based on current conditions in the Salinas River watershed and recent adult

Nacimiento and San Antonio Dams Steelhead Passage December2024
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monitoring efforts, we do not expectdaily run size at either dam to bea limiting factor of fish
passage desigs. Moreover, historical data across the SCCC DPS is limited. In the 1960s
estimates from the California Department of Fish and Game (CDHgait the DPS at 17,750
adults with 500 annual spawners in the PajarcSalinas Carmel, Little Sur, and Big SiRivers
(NMFS 2007) Given the limited historical data we assume thdhe total number ofadults
returning to Nacimiento and San Antonio Rivers would not exceed 500 in any given yeard
that daily abundances would be limited to less thas0 adults.

All anadromous salmonidsrequire adequate water depthto successfully completdreshwater
migrations. Adequate depth variepetween species and lifestages. For exampl€alifornia
Department of Fish and Wildlife(CDFW)(2017) considers0.7 foot (8.4 inches) to be the
minimum depth required for successful adult upstream passag@&his depth requirement is
important to consider when designing collection or passage facilities. If flows through a fishway
do not provide sufficient water depth for fish to access and move through the facility it will be
ineffective atproviding passage to the intended species. Similgy water releases from water
storage or hydro facilities must provide sufficient depth within the river or stream channel for
fish to reach the passage or collection facility

2.2 Facilitesand Operations

2.2.1 NacimientoRiverand Reservoir

Nacimiento Dam and Reservoir has been in operation since 195Fhe facilitystores water in

the winter and releases water in the spring and summer to support groundwater recharge and
irrigation for agricultural purposes (Stillwater Sciences 2020) The facility is also operated to
meet minimum flow requirements for upstream and downstream steelhead migrants and
generates power via a small hydroelectric plant. Nacimiento Dam is 10 miles upstream frahe
Nacimiento andSalinas Riverconfluenceandis a complée barrier to steelhead spawning and
rearing habitat in the upper Nacimientobasin (Cuthbert et al. 2014).

2211 Facilities

Nacimiento Dam crests at 82%eet amslwith a spillway elevation of 787.75 feet Table2-1 and
Figure 2-2). The spillway can be extended to 800 feet using an inflatable Obermeyer spillway
gate, which increases reservoir storage by 66,587 acffeet (AF. Overall, Nacimiento Damrises
215 feet above the streambed

When the reservoir is full (elevation 800 feet) it has a maximum storage capacity of 377,90,
is 18 miles long, and has about 165 miles of shoreline. The maximum elevation during flood
stage is 825 feet, with a maximum temporary capacity of 538,008Fand a temporary surface
area of 7,149 acres. The Nacimiento Reservoir was designed and constructed to meet specific
purposes for water supply and flood control, and volumes of reservoir storage (typically
referred to as pools or operational pools) were dbcated for each purposeEigure 2-2). A flood
pool occupies the area between the top of the Obermeyer spillway gate when inflated (at an
elevation of 800 £et amsl) down to the height of the concrete spillway (at an elevation of
787.75 feet amsl). The flood pool does not typically hold water; rather it is intended to provide
winter flood protection by maintaining extra space in the reservoir to ensure the ability of the
spillway to pass theprobable maximum floodwithout overtopping the dam.

Nacimiento and San Antonio Dams Steelhead Passage December2024
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The conservation pool, which extends from the concrete spillway to the minimum pool,
comprises most of the water in the reservoir and was designed to be managed for groundwater
recharge in Monterey County. In general, this water is captured during the weeason and
released during the dry season. The minimum pool retains water reserved for fish and wildlife
habitat as well as a water entitlement belonging to the County of San Luis Obispo. The dead pool
is the portion of the reservoir that cannot readily bereleased from the reservoirbecauseit is

below the elevation of thelow-level outlet works (LLOW).

Spillway and Obermeyer Gates

The Nacimiento Dam spillway consists of a trapezoidal, unlined approach channel; an ungated
concrete ogee crest weir with a crest elevation of 787.75 feet; and a 54@ot-long rectangular
concrete chute that terminates in a flip bucket (a small bucket or lip at the bottom of the
spillway designed to dissipate energy prior to releases entering the plunge pool). The highest
point of the spillway is 787.75 feet ams| and the lowest point at the flip bucket iat about 630
feet amsl. Theflip bucket is approximately 20 feet above the streambed. The spillway crest is a
150-foot-wide, ogeeshaped weir that is curved in plan with a 309.2doot radius. Up to 606foot-
high retaining walls flank the ogee and the approach channel. The spillway chute tapers down
to a 100-foot width and varies in slope from 0.15 dot/f oot near the crest to 0.5 dot/f oot near
the flip bucket. The chute has sidewalls that vary in height from 13 to 25 feet. The flip bucket
has a 50foot vertical radius of curvature and directs the flow into tke plunge pool.

The Obermeyergatesystem is a patented bottorshinged spillway gate that is supported
entirely by an inflatable air bladder. This pneumatically actuated gate system is equipped with
steel panels, a rubber bladder, and a simple steel frame. With accurate automatic pond level
control, the spillway capacty is preserved as the low profile of the Obermeyer gate system
allows efficient passage of flood flows without any significant increase in flood pond elevation.
This prevents dangerous overtopping of dam embgments.

Hydroelectric Plant and Bypass Valves

The Nacimiento hydroelectric plant isa4.351 megawatt/hour capacity hydroelectric power
plant, which began operation downstream of the dam in 1987. The plant contains a large
Francisturbine (Unit 1) capable of generating up to 4,418&ilovolt -amperes kVA) and a smaller
induction generator turbine (Unit 2) that are operated in the ranges of 150 cfs to 460 cfs, and
25 cfs, respectively. The hydroelectric plant requires a minimum reservoir elevation of 690 feet
for the operation of Unit 1 and 728 feet for the operation of Unit 2. To maximizeopver
production, two turbine runners have been provided for Unit 1. The high head runner is used
for elevations above 735 feet. The low head runner is required for operation between
elevations of 690 feet and 735 feet.

As a result of the installation and operation of the hydroelectric power generation facility in
1987, the dam is under the jurisdiction of theFederal Energy Regulatory CommissiorHER(.

To meet FERC requirementdMCWRA has adopted an Emergency Action Plan for the dam. The
Emergency Action Plarcontains a High Flow Operations Plan to ensure the dam is operated
safely during flood events and that the appropriate agencies are notified of expected flood
control releases.

Nacimiento Dam has two outlets: &igh-level outlet works (HLOW) and a LLOW The HLOW is
composed of twin 8foot by 8-foot square steel slide gates and cast concrete tunnels under the
center of the spillway at an elevation of 755 feet. The HLOW has a maximum capacity of 5,500
cfswhen the reservoir elevation is 800 feet. The LLOW is a 58ch-diameter pipe near the

Nacimiento and San Antonio Dams Steelhead Passage December2024
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southern side of the dam. The inlet to the LLOW consists of three-ith butterfly valves and a
hydraulic operator set in a concrete structure at an elevation of 670 feet. Releases from the
LLOW can be made from either a manifold of six Z#ch, manuallyoperated valves or the
hydroelectric power plant. The LLOW has a maximum capacity of 460 cfs when the reservoir
elevation is 800 feet.

At the base of the spillway is a plunge pool that dissipates energy by slowing the velocity of
releases before entering the Nacimiento River. The plunge pool is separated from the
Nacimiento River by a causeway about 300 feet downstream of the bottom ofetlspillway.
When the spillway is in operation, the plunge pool is connected via surface flow to the
Nacimiento River.

2.2.1.2 Reservoir Operations

Nacimiento Reservoir is operated to meet irrigationagricultural, groundwater, and fish
passage needs throughout the Salinas River basifo provide adequate spawning and rearing
habitat in the Nacimiento River below Nacimiento Dam60 cfs is released from the reservoir
throughout the yearas long as surface elevation remains abolE A OAOAOOT EO8 O 1 ET EI
elevation of678.8 (Figure 2-2) (MCWRA 2005) The reservoir is also operated during steelhead
migration periods to provide passage opportunities foradults and juveniles from the Salinas
River mouth to the Arroyo SecoNacimiento, and upper Salinas Rivers. More detailed
descriptions of the fish passage flow prescriptions can be found the 10-year flow evaluation
report (MCWRA and ICF 202Ror the 2005 Flow Prescriptions (MCWRA 2006 For the
purposes of thisstudy, we rely onthe minimum required flows for spawning and rearing
habitat in the lower Nacimiento River.Reservoir elevationshave fluctuated from 670 to 803

feet since the dam was operational Figure 1-5) but exceed730 feet most of the time (75%
exceedance).

2.2.2 San Antonio River and Reservoir

The San Antonio Dam and Reservoir are in southern Monterey County, about 16 miles

northwest of Paso Robles. San Antonio Damas earth-filled dam and was completed in 1967.

Like Nacimiento, the conservation pool stores winter precipitation for later release to the

Salinas River for groundwater recharge, fish passage, and the operation of Balinas River

Diversion Facility (SRDF. The San Antonio Dam is 5 miles upstream from the San Antonio

REOAOGO Ai T &£ OAT AA xEOE OEA &vAighndfe@rinhBbidddio AT A 1 E
the basin (NMFS 200Y.

2221 Facilities

San Antonio Dam crests at 802 feet amalith a spillway elevation of 780 feet ams(Figure 2-2
and Table 2-1). The spillway elevation and the maximum reservoir elevation are the same at
780 feet amsl. Theeservoir does, however, contain a flood podhat extends from the spillway
to the conservation pool at 774.5 feet asmWhich increases reservoir storage by 30,000 AF
When the reservoir is full (elevation 780 feet) it has a maximum storage capacity of 335,00,
is 16 miles long, and has about 100 miles of shoreline. The maximum elevation during flood
stage is 802 feet, with a maximum temporary storage capacity of 477,0@80-and a temporary
surface area of 7,500 acres. The San Antonio Reservoir was designed and constructed to meet
specific purposes for water supply and flood control, and volumes of reservoir storage
(typically referred to as pools or operational pool3 were allocated for each purpose. A flood
pool occupies the area between the top of the spillway gate (at an elevation of 7&@tfamsl)

Nacimiento and San Antonio Dams Steelhead Passage December2024
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down to the top height of the conservation pool (at an elevation of 774.8é& amsl). The flood
pool does not typically hold water; it is intended to provide winter flood protection by
maintaining extra space in the reservoir teenablethe spillway to pass theprobable maximum
flood without overtopping the dam. The conservation pool, which extends from the minimum
pool, comprises most of the water in the reservoir and was designed to be managed for
groundwater recharge, fish passage, and the operation ofafSVWP in Monterey County. In
general, this water is captured during the wet season and released during the dry season. The
minimum pool retains water reserved for fish and wildlife habitat. The dead pool is the portion
of the reservoir that cannot readilybe released from the reservoir as it is below the elevation of
the LLOW.

2.2.2.2 Reservoir Operations

San Antonio Reservoir is operated to meet irrigation, agricultural, and groundwater needs in
the Salinas Rivebbasin. Flow releases from San Antonio Dam range from 3 cfs to several
thousand cfs and are managed to maintain the minimum flow requirements a0 cfsfrom the
reservoir (MCWRA 2009. Specifications for San Antonio Dam and Reservoir are provided in
Table2-1.

San Antonio Dam has an outlet works consisting of an 8dch-diameter 1,085-foot steel
conduit near the center of the dam. The conduit leads through the dam embankment from a
small intake structure to an outlet structure, which contains a HowelBunger type valve and
supports a concrete house. The outlet workeave a maximum capacity of 2,200 cfs when the
reservoir elevation is 780 feet.

Unlike Nacimiento, this dam does not have an inflatable gate, so the maximum reservoir
elevation is the same as the spillway at an elevation of 788 amsl. MCWRA does, however,
maintain a flood pool. The flood pool extends from the spillway to the conservation pool at
774.5 feet amsl. The maximum elevation during flood stage is 802 feet, with a maximum
temporary capacity of about 477,000AF and a temporary surface area of about 7,500 acres. The
dead pool begins at an elevation of 645 feet and has 10,086 of storage.

2.2.3 Development ofHCP ReoperatioRrotocols

MCWRAhas operated the SVWP in accordance with the 2005 Flow PrescriptiGCWRA2005)
and 2007 Bological Opinion(NMFS 2007)since 2010 to facilitate ustream and downstream
steelhead passage. This is accomplished by providing water releases from Nacimiento and San
Antonio Dams based on water year conditions, water availability, and established hydrologic
triggers at various locations in the basinReleases from Nacimientand San Antonio Reservoirs
are designed to occur when the likelihood of providing passage opportunities to the Arroyo
Seco River are highHowever, as part of the HCP developmentacessthe water management
operations will be re-evaluatedand restructured to minimize impactson species covered by the
HCPncluding SCCC steelhead. At the end of this procegserational releases from Nacimiento
and San Antonio Darmmay change from current (interim) operations. These evaluations will
include assesment spawning, rearing, and migration habitat needs in the lower Nacimiento,
lower San Antonio, and lower Salinas River3his report evaluatesfish passage alternatives
based onhistoric and current SVWP operations. Furtheanalyseswill be needed oncehe SVWP
operations are finalizedas part of the HCP process
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Figure2-1. FlowConditionsin the Salinas RiveBasinat Various Monitoring Sitesn the Salinas
River and Arroyo Seco River

Table2-1. Nacimiento and San Antonio Dam and Resenk@y FacilityHevations andSatistics
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Specifications Nacimiento Reservoir San Antonio Reservoir
Reservoir length (maximum capacity) 18 mi 16 mi
Shoreline (maximum capacity) 165 mi 100 mi
Dam crest length 1,650 ft 1,433 ft
Dam height above streambed 215 ft 201 ft
Dam crest elevation 825 ft amsl 802 ft amsl
Spillway elevation 800 ft amsl 780 ft amsl
Maximum storage capacity 377,900 AF 335,000 AF
Top of Dead pool elevation 670 ft amsl 645 ft amsl
Dead pool storage capacity 10,300 AF 10,000 AF
Top of Operational minimum pool elevation 687.8 ft amsl 666 ft amsl
Operational minimum pool storage capacity 12,000 AF 13,000 AF
Top of Conservation pool elevation 787.75 ft amsl 774.5 ft amsl
Conservation pool storage capacity 289,013 AF 282,000 AF
Top of Flood pool elevation 801 ft amsl 780 ft amsl
Flood pool storage capacity 66,587 AF 30,000 AF
Source:MCWRA2018b, 2018c.
mi = mile; ft = feet; amsl = abor mean sea level; AF = acifeet
Nacimiento Reservoir San Antonio Reservoir
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Figure2-2. Nacimiento and San Antonio Reserv@orage Levels andkey Operation Hevations
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Chapter 3
Evaluation ofPassagdlternatives

This chapter evaluatesadult and juvenile salmonid passage technologies considered for the
Nacimiento and San Antonio DamsThe scope of this study is to conceptually identify feasible
passage alternatives based on the characteristics of the facility, species, and riv@wnstruction
and gperation and maintenance costsncurred at other facilities in California, Oregon, and
Washington are providel to give contextfor expectedassociatedcostsfor each alternative

3.1 Biological Constraints

Passage through Nacimiento and San Antonio Reservopsesent a variety of biological
constraints for migrating steelhead. Passage througte reservoirs may expose juvenile and
adult steelhead topoor water quality, low-flow and low-velocity conditions, and predation, all
of which may reduce overall survival rates. Additionallytravel through each reservoir maybe a
lengthy process given thdinear distance from the dam to the upperiver and the extensive and
complex shoreline Similarly, the amount and quality of rearing and spawning habitat upstream
of the reservoirsis critical in determining upper production potential. Based on review of
available literature, no comprehensive field assessment of steelhead habitat Hasen
conducted in these watersheds, though there have been numerous surveys for steelhead
presence and general observations of habitat suitability. The great majority of these surveys
and observations, documented b DFG@now CDFW, U.S. Forest ServicgJSFS)NMFS and
environmental consultant staff, are older reports from the 1940s through the 1990and likely
do not reflect current conditions. The following sections discuss thesdactors in more detail.
Also,each alternative evaluationexpands on thesdactors as necessary.

3.1.1 Reservoir Conditions

Several of the evaluategbassage alternatives would requireadult and juvenile steelhead to
travel through Nacimiento or San AntonioReservoirto reach spawning habitat orto complete
their outmigration, respectively. Nacimiento Reservoiris roughly 18 mileslong with over 150
miles of shoreline(Table 2-1). San Antonio Reservoir is 16 miles long with 100 miles of
shoreline. During a study of salmon and steelhead migration rates through Columbia and Snake
River Reservoirs Keefer et al. (2004)found that adult summer steelhead traveled, on average,
between 13 and 25 miles per dayBased on this travel ratgtravel through Nacimiento
Reservoir could take adults more thara day to complete The authors &ributed long migration
times with high water temperatures because fish sought out and held in tributaries with cotd
water refugia. Given the laclof long-term monitoring data it is unclearif water temperatures in
the reservoir during the adult migration period would cause migration delays

Travel through Nacimiento Reservoiralso presents a significantobstacleto smolts. Traveling
through long reservoirs canresult in prolonged migration rates and low survival as smolts can
become disorienteddue to low flows and low velocities For example Zabel et al. (2002)found
that survival of smolts navigating the Columbia River and Snake River hydropower reservoirs
declined as fish traveled longer distancesThe authors estimatedsurvival of steelhead and
Chinook salmon from Lower Granite Dam to Little Goose Dam was 0.801 and 0.939,
respectively (Zabel et al. 2002) However, survival from Lower Granite Reservoir to Bonneville
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Dam wassubstantially lower, 0.038 and0.264 for steelhead andChinook salmon, respectively.
Zabel et al. (2002)surmised that exceptionally low flows were a contributor to low survival
rates and extended travel timesln general, higher flows through reservoirgresult in better
survival as smolts are less prone to becoming disoriented his was demonstrated on the
Yakima Riverby Courter et al. (2016) who found higher smolt survival over Roza Danwas
positively correlated with increasing flow.

Poor water quality conditions in the reservoir may also negativelgffectadult and juvenile
survival. As described inSection1.2.4.1 Nacimiento Riverwater quality, DO,and particularly
temperature is impaired in Nacimiento Reservoir.Steelhead require diverse channel features
and clean, cold water to surviveSeeSection1.2.4.1 for more discussion on water quality
conditions and impactson steelhead.Like NacimientoReservoir, poor water quality conditions
in San AntonioReservoir may also negativelyaffectadult survival. Asdescribed inSection
1.2.4.2 San Antonio Riverwater quality, DO, and particularly temperaturds impaired in San
Antonio Reservoir. Additional investigations would be needed to fully evaluate the reservoir
water quality and the associated effects on adult survival.

The Salinas River and its tributaries are known to supports populations dargemouth bass
(Micropterus salmoidel smallmouth bass Micropterus dolomiey, white bass (Morone

chrysops, striped bass Morone saxatiliy, channel catfish (ctalurus punctatug, and white

catfish (Ictalurus catug, all of which are known to feed on salmonids including steelhead
(MCWRA and CSCC 2019)hile there is limited data on thecurrent presence and abundance of
piscivorous fish in Nacimiento Reservoirelectrofishing surveys conducted by CDFWh 1995 as
reported by ENTRIXand EDAW/(2002) found that largemouth bass, smallmouth bassyhite
bass,white catfish, and channel catfish were all present in the reservoiWWhite bass ha
historically been of concern to CDFW in the reservoisince they were introduced in 1965and
appear to spawn in theheadwaters of Nacimiento Reservoir anéssociatedtributaries and

have alsobeen found inthe Nacimiento Riverfollowing flood control releases ENTRIXand
EDAW 2002).While there is limited data on the current presence and abundance of piscivorous
fish in San Antonio Reservoir, electrofishing surveys conducted by CDFW as reporisd
ENTRIXand EDAW(2002) found that largemouth bass, smallmouth bass, stripedass, white
catfish, and channel catfish were all present in the reservoir. Striped bass has been known to
occur in the reservoir as this species was experimentally stocked beginning in 1971 and
continuously stocked until the 1980s (; ENTRIXdnd EDAW 2002). Anecdotal reports of striped
bass catchhavealso been reported in the reservoir as recently as 2014 and 201Additional
investigation into the risk of piscivorous predation in the reservoir is needed to asseske

impact of predation on smoltsurvival through the reservoir.

3.1.2 Salinas Rive€Conditions

Nacimiento and San Antonio Bms have significantly altered the seasonal distribution and
magnitude of streamflow in the Salinas River by reducing weteason flows and increasing dry
season flowslt is not uncommon forflow in the mainstem SalinasRiver to cease completely
during dry water years (Figure 21). When theriverbed becomes dry or flons intermittently for
extended periods of time adult and juvenile steelhead are unable to complete their migrations.
During the adult migration period the Salinas River was dry durindgpalf of the time between2010
and 2019because of the extended drought period between 2012 and 20IBICWRAand ICF
2022). Similarly, during months when smolts typically migrate downstream the SalinaRiver was
disconnected from theocean forfour of the years between 2010 and 201%istorically, it also
was not uncommon for the Salinas River to run dry

Nacimiento and San Antonio Dams Steelhead Passage December2024
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3.2 Upstream Passage

Adult upstream fish passagdechnologies can be broadly groupeds volitional andnon-
volitional . Volitional passagetechnologies allowfish to pass continuouslyallowing migrants to
choosewhen they pass obstructions Fish ladders, for example, provide a constant hydraulic
connection from the reservoir upstreamto the river downstream (DWR 2013). Volitional
passage systems can be operatggar-round and require less maintenance andewer
personnel to operate Non-volitional technologies such as lifts, loks, and trapand-haul
operations rely on machines and people to collect, transport, and release fish stpeam or
downstream of the damand reservoir. Trap-and-haul operations do notallow for year-round
passageaspersonnel are required for operation. NMF®refers volitional options as opposed to
trap-and-haul methods to minimize handling and the rislof injury. However, volitional passage
is not always possibledue tofacility constraints. The timing of trap operations can exclude early
and late arriving fish, disproportionately affectingthose fish by delaying or preventing
migration altogether. This may, over time causeadult return timing to be condensedand less
diverse than natural or volitional passagesystemns.

NMFS (2023 setsgeneral design criteria specific to all passage projexts well criteria for
specific passage systems (e.g., trap and haul, fishways). General requirements inclhde
following.

1. Design low flows mean daily average streamflow that is exceeded 95% of the time when
fish are actively migrating through the system. If possible, 25 years of daily stream
measurements should be used.

2. Design high flow meandaily average streamflow that is exceeeld 5% of the time during
periods when migrating fish are present at the site. If possible, 25 years of daily stream
measurements should be used.

3. Design flood flows fish passage systems should accommodate up to a-$@ar flood event. A
fish passage operation shouldot be inoperable due to high river flows for a period greater
than 7 days during the migration period.

4. Attraction flow: attraction flows should be between 5 and 10% of the design high flow for
streams with mean annual stream flows greater than 1,000 cfs.

5. Entrance hydraulic drop: entrance to the fishway must be maintained between 1 and 1.5
feet depending on the species present and designed to operate between 0.5 and 2 feet.

6. Entrance dimensions the entrance to the fishway must be at least feet wide and6 feet
deep.

7. Transport velocity: velocity between the fishway entrance and the first fishway weir,
fishway channels, or over fishway weirs must be between 1.5 and 4 &=f/ second

The following subsectionsdiscuss general features and characteristics and provide examples of
upstream passage technologies.

3.2.1 Selection ofAdult Passage Alternatives

Numeroustechnologieswere initially considered for adult upstream passage at Nacimiento and
San Antonio Dams. Howevecertain options were ruled out based onthe physical
characteristicsand operationsof the facilities and surrounding landscapgTable 3-1). After a
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preliminary review of upstream passage optionghe following three alternatives wereselected
to be further evaluated atboth facilities.

1. Volitional passage via a poestyle fish ladder.

2. Trap-and-haul program with collection atthe base ofthe dams and transport via trucks
upstreamto release points within thereservoirs.

3. Trap-and-haul program with collection ata downstream location alongthe Salinas River
and transport via trucks upstreamto release pointswithin t he reservoirs.

Table3-1. List ofAdult Upstream RssageConceptsDeferred from Further Evaluation

Considered Alternative Reason for Deferment

EﬁggﬂgnedBypass Impractical due to height of the dam and steep surrounding topography
Fish Locks Limited documented successimpractical due to height of the dam and

steep surrounding topography

Whooosh™ Fish Camon | Unproven experimental technology

Other alternative such as trapand haul are simpler, require less

Fish Lift maintenance, and allow greater flexibility (i.e., dferent release points in
the reservoir)

3.2.2 USAlternative 1 Volitional Passage via a Fish Ladder

Fishways and fish ladders are structures designed to facilitate fish passage over or around an
obstacle, dam, or other migration barrier. Fish ladders and fishways are constantly
hydraulically connected to the river and reservoir providing volitional passage during

migration periods. The behavior and swimming ability of the fish species requiring passage is a
key factor in designing a fish ladder. Flow, velocity, turbulence, and drop height are also
considered in the fish ladder @sign. If the conditions within the fish ladder preclude #EE OE 6 O
swimming ability the ladder is ineffective and act as a barrier. Water quality is also important
becausefish, particularly salmonids, are sensitive to conditions such as dissolved gasegian
temperature. Attraction flow at the downstream entrance of the ladder is also a critical
component of the design. Attraction flow guides adult salmonids to the ladder and ensures they
can move upstream past the obstaclé&or fish ladders at hydroelectricfacilities, it is important
that the entrance to a fish ladder is positioned outside of the influence of turbulent flows from
spillways or powerhouses which can hide the ladders attraction flowand disrupt or delay
passaggNPCC 2016) Similarly, fish ladder exits need to be positioned in calm areas far enough
above the dam so that fish are not entrained in the powerhouse or spillway dischargsausing
xEAO EO ETIT xI AO OAAOI O Z£AI 1 AAAES8S

NMFS groups fisHadders into two categories:(1) pool-style and(2) roughened chutestyle.
Poolstyle ladders include vertical slot, pool and weir, weir and orifice, and pool and chute
types. Roughenedhute-style ladders are much less common but include Denil steeppass and
Alaska steeppass types. Roughened chesgtyle ladders are not used where adult and juvenile
salmonid migration occurs (NMFS 202 The following evaluation focuses on the feasibility of
constructing poolstyle ladders at Nacimiento and San Antonio Damisey fish ladder design
criteria are presented inTable 3-2.

Nacimiento and San Antonio Dams Steelhead Passage December2024
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Table3-2. Fish Ladder Design Criteria

Ladder Feature Design Criteria

Hydraulic Drop 1 foot or less

Between Ladder Pools

Flow Depth At least 1foot

Pool Dimensions Minimum of 8 feetlong, 6feetwide, and 5feet deep; ladder pools should be
designed so that there is no standing water in the pool when the system is
dewatered.

Turning Pools At least double the length of the standard fishway pool

Pool Volume Volume should provide sufficient hydraulic capacity to absorb and dissipate
the pool-to-pool energy and accommodate thenaximum daily run of fish

Orifice Dimensions Minimum dimensions ofL8 incheshigh by 15incheswide

3.221 Nacimiento Dam

A fish ladder at Nacimiento Dam would provide volitional passage for adult steelhead frotime
main river channel below thedam (Figure 2-3) to the reservoir behind the dam. The entrance
would need to be located far enough downstream of the dam outletsat the dam outlets would
not falsely attract fish away from the entrance. The ladder entrance would also need to be far
enough downstream to accommodate the linear distance necessary to traverse the 215 vertical
feet to the top of the dam. To pass fish ovéine 215 vertical feet and maintain a slope of less
than 10%,! a fish ladder at Nacimiento Dam would need to be at least 2,150 feet in length,
classifying it as a highhead fish ladder, many of which have performance issues. Two possible
ladder configurations are included inFigure 3-1. Configuration A would place the ladder along
the north side of the river with the entrance approximately 2,200eet downstream of the base
of the spillway. Alternatively, under Configuration B the ladder would run along the south
shore. These configurations could be altered by including more turning pools to reduce the
overall linear distance from the base of the danwotthe entrance, but this would increase total
length of the ladder as turning pools are suggested to be at least double the ldngf the
standard fishway pool(NMFS 2022)(Table 3-2).

The exit of the fish ladder would need to be designed to accommodate the 132 feet of potential
reservoir elevation fluctuations (Table 3-3) and be located far enough away from the spillway
to minimize risk of fallbacks during possible spill eventsHowever, becausevater is rarely

spilled at Nacimiento Dam risk of fallbacks would be lowlhe large fluctuations in reservoir
elevation create a challenge in designing a safe and effective eXithile engineeringsolutions to
this problem do exist, they areoften complex and costlyOne possible solution is adding a fish
release pipe or slide at the end of the ladder that fish could utilize when water levels are below
the ladder exit elevations. The location of both the ladder entrance and exit would require
additional on-the-ground and engineering investigations.

Another concern is that the length of the ladder may causeater to warm during transit from
the ladder exit downstream to the ladder entrance This could act as a barriercause fish to
delay, or turn around during their ascent. Thispresentsa significant problem and would
require that additional cold water be pumped into the ladder at various locations to ensure
temperatures do not impede passage.

1 NMFS (2022) generally recommends that fishways maintain a slope of less than 10%.
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To provide volitional adult steelhead passage, the ladder would require continuous unimpeded
flow during the adult upstream migration window (December 1 to March 31) Table 3-3). Based
on guidelines outlinedby NMFS (2023, ladder attraction flows between23.5and 46.9 cfs(5z
10% of 5% exceedance flows) during the adult migration period would be requiredTl@ble 3-3).
According to NMFS (2022, the higher percentage of total river flows used to create attraction
flow at the ladder entrance the more effective the facility is likely to be. In this case, Nacimiento
River minimum flows are required to be 60 cfs for the entire year as long as water supply is
sufficient (MCWRA 2005) Considering the minimum flow requirements for the Nacimiento
River (as defined in MCWRA 2005and the attraction flows required for the ladder, 83.5to

106.9 cfsflow may be necessary during the adult migration windowHowever, it may be
possible tomeet minimum flow requirements without additional releases fromthe dam by
routing all 60 cfs through the ladder.Given the frequency of severe drought conditions since
2010, achieving those flow conditions during dry and drynormal year types, or during periods
of prolonged drought conditions, may prove difficultfMCWRAand ICF 2022)

Operation and maintenance of the facility would likely be minimal relative to other passage
options but would require staff and resources in addition to those required for current dam
operations. During migration periods it is likely that daily observation and periodic
maintenance would be required to ensure the facility is functioning as intended. Maintenance
may include periodic removal of debris, adjusting flow rates, and documenting fish movemisn

Finally, the use of a fish ladder would require adults to travel the entire length (18 miles) of
Nacimiento Reservoir to reach the upper basin to spawn. Similarly, kelts (repeat spawners)
would have to navigate the reservoir during their migration back tahe ocean and face the same
obstacles. While conditions within the reservoir have not been well documented, adults may be
exposed to degraded water quality conditions including high temperatures and loDO, disease,
and parasites Section3.1, Biological nstraints). Moreover, low velocity and flow within the
reservoir may disorient fish and slow migration rates.

In summary, a fish ladder may be feasible from a design perspective, but given the dam height,
reservoir fluctuations, length of the reservoir, and expected conditions within the reservoir
other designs are more feasibland likely to be more effective.

3.2.2.2 San Antonio Dam

A fish ladder at San Antonio Dam would provide volitional passage for adult steelhead from a
suitable location near the dam outlet to the reservoir behind the dam. The entrance would need
to be located far enough downstream of the dam outléhat the outlet would not falsely attract
fish away from the ladder entrance. The ladder entrance would also need to be far enough
downstream to accommodate the linear distance necessary to traverse the 201 vertical feet
from the stream channel to the top of the dam. Tpass fish over the 201 vertical feet and
maintain a slope of less than 10%, a fish ladder at San Antonio Dam would need to be at least
2,000 feetlong, classifying it as a higthead fish ladder, many of which have been shown to have
significant performance issues. A possible ladder configuration is included Kigure 3-2. In this
configuration the ladder would run along the north side of the danopposite the spillway.

Due to the length of the ladder, it is likely that water wouldvarm up during transit from the
reservoir. This may act as a barrier and cause fish to delay or turn around during their ascent of
the ladder. This presens a significant problem and would require additional cold water be
pumped into the ladder at various locations to ensure temperatures do not impede passage.
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The exit of the fish ladder would need to be designed to accommodate the nearly 138 feet of
potential reservoir elevation fluctuations (Table 3-3) and be located far enough away from the
spillway to minimize risk of fallbacks during spill events. The large fluctuations in reservoir
elevation create a challenge in designing a safe and effective ladder exithile engineering
solutions to this problem do exist, theycan becomplex and costlyOne possible solution is
adding a fish release pipe or slide at the end of the ladder that fish could utilize when reservoir
levels are lower than the ladder exit. The location of both the ladder entrance and exit would
require additional on the ground ard engineering investigations.

To provide volitional adult steelhead passage, the ladder would require continuous unimpeded
flow during the adult upstream migration window (December 1 to March 3). Based on
guidelines outlinedby NMFS (2023, ladder attraction flows between 16.05 and 32.1 cfs (&

10% of 5% exceedance flows) would be requiredT{able 3-3). According to NMFS (202p, the
higher percentage of total river flows used to create attraction flow at the ladder entrance the
more effective the facility is likely to be. Given the frequency of severe drought conditions since
2010, achieving those flow conditions during dry and drynormal year types, or during periods

of prolonged drought conditions, may prove difficult(MCWRA and ICF 2022

Operation and maintenance of the facility would likely be minimal relative to other passage
options but would require staff and resources in addition to those required for current dam
operations. During migration periods daily observation and periodic maintenancemay be
required to ensure the facility is functioning as intended. Maintenance may include periodic
removal of debris, managing flow rates, and documenting fish movements.

Finally, the use of a fish ladder would require adults to travel the entire length (16 miles) of San
Antonio Reservoir to reach the upper basin to spawn. Similarly, kelts (repeat spawners) would
have to navigate the reservoir during their migration back tdhe ocean and face the same
obstacles. While conditions within the reservoir have not been well documented, adults may be
exposed to degraded water quality conditions including high temperatures and loRO, disease,
and parasites(Section3.1). Moreover,low velocity and flow within the reservoir may disorient
fish and slow migration rates.

In summary, a fish ladder may be feasible from a design perspective, but given the dam height,
reservoir fluctuations, length of the reservoir, and expected conditions within the reservoir
other designs are more feasibland likely to be more effective.

3.2.2.3 Technical Considerations

The following advantages (pros) and risks (cons) were identified fodSAlternative 1 at
Nacimiento and San Antonio Dams.

Pros

1 Afish ladder provides true volitional passageAdult steelhead can decide when to enter and
ascend the ladder.

A ladder requires no handling and limited staffing.

Fish can navigate to any tributary feeding into the reservoir

Nacimiento and San Antonio Dams Steelhead Passage December2024
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Cons

9 Fish ladders at highhead dams are rare and often perform poorly due to the length and
height fish are required to traverse

9 Largereservoir fluctuations are complicated to accommodate and would require a complex
engineered exit design

1 Given the length of the ladder water may warm during transit and create a barriecausing
fish to turn around or hold within the ladder.

1 Water quality through the reservoir may be poor during the migration period and be
detrimental to adult survival.

1 Low flow and low velocity in the reservoirs along with the overall lengths and extensive
shoreline may cause fish to become disoriented and prolong migration rates.

1 Lack of watermay make it difficult to achieve necessary attraction flowsluring drought
conditions.

3.2.2.4 Estimate of Construction, Operation, and Maintenance Costs

Costs tobuild, operate, and maintain fish ladders can vary widely andependlargely on the
dynamics of the river system. A few examples of construction costs for specific projects in the
Pacific Northwestare provided below.

1 A Half Ice Harbor pool and weir type ladder was built at River Mill Dam on the Clackamas
River in 2006 for $16 million (equivalent to $23 million in 2022) (DWR 2013).

1 A Half Ice Harbor pool and weir type ladder was built at Cougar Dam on the South Fork
McKenzie River in 2010 for $11.3 millionequivalent to $16.6 million in 2022) (NPCC
2016).

Given the height oNacimiento and San Antonio Damand large reservoir fluctuations it is

likely that the engineering, design, and construction costs would be high to add a fish ladder at
both facilities. While more investigations are needed to confirm designs and cost, it is expected
that, based on review of the costs of other facilit& construction costs alone would exceed $25
million per facility (NPCC 2016; DWR 2013Permitting, administrative, planning, and
engineering costs would be in addition ® construction costs. Operation and maintenance could
exceed $100,000 annually.
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Table3-3. Nacimientoand San Antonidrivers and Reservog Fish Passage Design Consatens

Design Considerations Nacimiento San Antonio
Design Flows

Low Flows (95% exceedancejcfs)2 80d 80d

High Flow (5% exceedancejcfs) 566 325

Flood Flows (5Gyear) (cfs)b 1,630 550
Attraction flows (5-10% of 5 % Exceedance(cfs) 28.3756.6 16.25z32.5
Reservoir Characteristics

Minimum Reservoir Elevation(ft) 672.25 645.5
Maximum Reservoir Elevation(ft) 803.4 782.65
Elevation Differential (ft) 131.15 137.15
DamHeight (ft) 215 201
Reservoir Length 18 mi 16
Ave.Annual Reservoir Fluctuation (fty (minzmax) 8.5(0.3z51.44) 4.03(0.07z29.88)
Biological and Species Criteria

Juvenile OutmigrantTiming Mar 15zJun 1 Mar 15zJun 1
JuvenileQutmigrant Abundance TBD TBD

Adult Migrant Timing Dec ZApr 1 (upstream); Mar 1zJun 1 (kelts)
Estimate Annul Adult Migrant Abundance 500 500
Reservoir Predation Risk High High

alongterm flow data does not exist downstream of San Antonio Dam. Daily discharge data from the dam was used to
approximate design flows.This may skew data high.

b Calculated from October 1, 1988, to November 2, 2022.

¢ Figure 3-6 provides a more detailed summary of reservoir fluctuations.

dMinimum designflows are based on NMFS 2023 guidan8éow flow design flow should be initially consistent with

the lowest discharge at which fish are xpected tobe able to migrate ugtreamoHere that value is 80 cfs measuredt
Chualar on the 8linas River.
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Figure3-1. Example of fish ladder configurations A (blue line) and B (orange line) at Nacimiento
Dam
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Figure3-2. Example ofish Ladder Configuration at San Antonid>am
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3.2.3 USAlternative 2 Non-Volitional Passage vidrap and Haul

Trap-and-haul methodologieshave beenincreasingly usedto accommodate upstream passage
for adult salmonids across the west coast. They are particularly effective for systems with long
reservoirs, multiple reservoirs, or highhead dams where traditional fishway would be difficult
to design and may not perform well. Additionally, trapand-haul operations often require less
water than fish ladders or other technologieswhich can make them viable options for areas
where water is scarce,and flows are frequently low(DWR 2013). However, trapand-haul
systems requre a significant amount of handling and cahavedirect negative effects on fish
health and behavior including migration disruption, disease, and mortality. Fish traps or
collection facilities can either be located at the base of the dam or downstream. Merwin Dam
the Lewis River, for example, was retrofitted with an adult fish trap/lift at the base of the dam
that captures fish and lifts them to a fish collection and transfer facility from which fish are
loaded into trucks and driven upstream around thee large reservoir® Merwin, Yale, and Swift.
The Cowlitz River adult collection systenusesan electrified barrier dam and fish ladder
downstream of Mayfield Dam to collect migrating salmonids. Adults are then sampled,
transferred to holding tanks, and then moved into transport trucks that carry and release fish
into the upper Cowlitz Basin. Thegassage goal for trapand-haul systems is to provide safe,
efficient, and timely passage with no delay, strong attraction flows, high acceptance into the
facility, and little to no injury or mortality (NPCC 2016) Trapand haul requires significant
resources including staff, equipment, maintenance, and time to operate effectively.

3.2.3.1 Nacimiento Dam

A trap-and-haul operation at Nacimiento Damwould consist of a fishway, collection facility, fish
holding and processing facility, and truck loading facility. Fish would be collected at the base of
Nacimiento Dam and driven by truck to one of two release sites along the reservoir shoreline.

Most trap-and-haul facilities usea fishway such as a fish ladder to attract and guide fish into a
collection facility. Apartial fish ladder like the type described inAlternative 1 would precede
the collection facility but would likely be closer to the base of the dartihan Alternative 1
becausethe fishway would notneed totraverse the full height of the dam. Attraction flows to
the fishway would be the same as those described for Alternative Additionally, pool
dimensions would be designed to meet NMFS requirements listed Trable 3-2. At the end ofthe
fishway, a collection facility would be designed térap and hold fish for a short period before
they are counted, transferred into trucks, and transported to release locations.

The collection and holding facility would require a continuous flow of water to fill and maintain
conditions in holding tanks where fish would be helduntil they are enumerated andorepped
for transport . The holdingtanks would be designed to accommodate the expected peak daily
run size of fish returning to the basin. As described in Section 1.2tBe current abundance of
returning adult steelhead to the basin is exceptionally kv, and r the purposes of this
evaluationit is assumed that fewer than 50Gdults would becollected at the facility.This
means the facility could bearelatively simple manual system ratherthan alarger automated
operation, representing significant cost savings.

Many trap-and-haul operations include a monitoring program thattracks abundance identifies
species, sex, and lifestage, evaluates fish condition (e.g., injuries, parasites, disease), and checks
for tags (e.g., Bssivelntegrated Transponder (PIT)tag, anchor, coded wire)Depending on

recovery goals of the passagend reintroduction programs, fish may be transported into

different watersheds in the upper Nacimientdbasin. This component of the program would
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largely depend on the program goals developeith coordination with NMFS.Given recent trends
in annual adult returns, it is likely thatall fish would be releasedhear the upstream extent of
Nacimiento Reservoir. During yeags when returns are higher, additional experimental releases
to other reservoir tributaries could be considered.

Additional design requirementsfor the holding facility include the following (NMFS 2023.
1 Provide 0.67 gallon of water per minute peradult.

1 Hold fish for less than 24hours.

1 Maintain water temperatures below 50degrees Fahrenheit {F)

1 Maintain DObetween 6 and 7 parts pemillion.

From the holdingfacility fish would be movedto a transport truck via a transfer facility.
Transfer facilities can be complex depending on the species requiring passage, the total
numbers of individual fish, and the number of release locations. In this caggven the low
numbers ofexpectedadults, the truck transfer facility would also likely be relatively simple.
One possible design ishopper that could lift fish from the holding pool and transfer them
directly into a transport truck. This would be considered a \ater-to-water transfer, which is
preferable because iteducesinjury risk.

Transport trucks would then drive fish from the collection facility above the danandthen into
the reservoir. The advantage of a trucland-haul operation is thatfish can bereleasedat
essentially any locationin the reservoir. Two potential release pointsinclude an existing boat
launch nea the dam on the northsideof the reservoir (Figure 3-3) and one at the upper end of
the reservoir near Ashbury Creek Figure 3-4). Fish released at the northside boat launch would
then need to travel the entire lengthof the reservoir to reach the upper Nacimiento River
potentially delaying migration timing and exposing fish to predation, warm temperatures, and
disease However, using the boat launch near the dam would allow fish to choose their
migration route through the reservoir and enterany tributary in the reservoir basinto spawn.
Further investigation is needed to assess habitat suitability in reservoir tributariesncluding
the upper Nacimiento.Releasing fish at the upper end of the reservoir may improve prgpawn
survival becausetravel time and distance would be reduced. Moreoverglease at Ashbury
Creek wouldreduce exposure to potentialy detrimental conditions within the reservoir. The
distance from the collection facility to the boat launch is approximately 30 miles and would
likely result in approximately 1 hour of transit time.

Trap-and-haul operations, unlike volitional passage options, require that fish are handled
multiple times, which mayincrease injury and mortality rates. However, trap-and-haul
operations also allow for flexibility in where adults are released aftecollection in the facility.
Similarly, the collection and holding facility would provide an opportunity to collect vital
demographic, biological, and genetic information before aduliteelheadare released upstream
which may improve the passage and reintroducton program over time.Trap-and-haul facilities
may also require less water than the fish ladder described in Alternative, fvhich is an
important distinction given the pervasive drought conditions that afflict the SalinasValley
Groundwater Basinat times.
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Fish Release Location at
Existing Boat Launch

Fish Collectionand ™
transport facility

Google Earth

The Green Line Indicates the Fish Truck Route from the Collection Facility to the Release Site.

Figure3-3. Trapand-Haul Operational Configuration with the Fish Collection Facility at the Base of Nacimiento Dam and thieelease
Location Approximately 4,200FeetUpstreamat an Existing Boat Launch on theNorth Shore.
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The roadsleading tothe Ashbury Creek boat launch and the launch itself would need be further inspected to ensure they are suitable.

Figure3-4. Trapand-Haul Operational Configuration with the Fish Collection Facility at the Bafsdacimiento Damand the Release
Location at the Upper End of the Reservoiraat Existing Boat Launahear Asbury Creek
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3.2.3.2 San Antonio Dam

Atrap-and-haul operation at San Antonidamwould resemblethe operation described for
Nacimiento Dam in that it would consist of a fishway, collection facility, fish holding facility,
and truck loading facility. The requirements and designs described for Nacimiento Dam are
applicableto San Antonio Dam

The fishway, or fish ladder, would be located near the base of the dam and lead fish into a
collection facility where they would be heldfor a short period of time before being
enumerated, sorted, and loaded into truckfor transport above the reservoir.A partial fish
ladder like the type described in Alternative 1 would precede the collection facility but
would likely be closer to the base of the darthan under Alternative 1 becausethe fishway
would not need to traverse the full height of the dam. Attraction flows to the fishway would
be the same as those described for Alternative 1. Additionally, pool dimensions would be
designed to meet NMFS requirements listed imable 3-2. At the end of the fishway, a
collection facility would be designed to trap and hold fish for a short period before they are
enumerated and transferred into trucks and transported to release locationg.he collection
and holding facility would beconstructed using specificationslike those describedfor
Nacimiento Dam.

Adult steelheadwould be collected near the dam and trucked upstream tone of four
established boat launclesand released San Antonio Reservoir is slightly smaller than
Nacimiento, storing 335,000 AF compared t®877,000 AFandis less complex in that it has
fewer arms andsubstantially less shoreline.Due toits smaller size and the simpler
shoreline adult steelhead may be able tmore quickly navigate throughSan Antonio
Reservoir compared to NacimientdReservoir. However, fewtributaries enter the reservoir,
which makes releasing fish lower in the reservoir less desirabléFigure 3-5). Usingthe boat
launches at the upstream end of the reservoimear the upper San Antonio Rivewould
reduce exposure of adults to detrimental reservoir conditionsand reducemigration time
and distanceto spawning habitats potentially leading to highersurvival rates.
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Figure3-5. Trapand-Haul Operational Configuratiomwith the Fish Collection Facilitgt the
base of San Antonio Danvith Release Locationat Existing Boat Launchesong theReservoir
and UpperSan Antonio River

3.2.3.3 Technical Considerations

The following advantages (pros) and risks (cons) were iddified for USAlternative 2 at
Nacimiento and San Antonio Dams.

Pros

1 Survival is generally highat trap-and-haul facilities after collection and hauling

1 Migration delay is less likely relative toAlternative 1 (fish ladder).

1 A trap-and-haul operation provides flexibility to release fish upstream of the dam at any
desired location, or to make releases at multiple locations

9 Trap-and-haul system is technically feasible at the dam

Cons

91 Does not provide volitional passage.

1 Once in the trap fish may not volitionally exit

9 Daily staffing of the facility would be required during the migration window

1 Human handling is required increasing potential for injury or death.

1 Potential for vehicular accidents during transport which could result in loss of a load of
fish.
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3.2.34 Estimate of Construction, Operation, and Maintenance Costs

Example construction and operation and maintenance costs are provided for similar trap
and-haul facilities.

9 Baker River trap-and-haul system on the Baker River in Washington was constructed in
2010 and cost roughly $25 million(equivalent to $34 million in 2022) (DWR 2013).
Operation and maintenance costs vary annually, but range between $500,000 and
$600,000(NPCC 2016)

1 South Fork McKenzie River trapand-haul system with fish ladder was built in 2010 for
$10.4 million (equivalent to $14.1 million in 2022) (DWR 2013).

1 Merwin Dam trap-and-haul system on the Lewis River in Washington was constructed
in 2014 and cost roughly $60 million(equivalent to $75.2 million in 2022) (NPCC 2016)
Operation and maintenance costs exceed $200,000 annually.

3.2.4 USAlternative 3 Lower Salinas RivéeFrap-and-Haul
Facility

A trap-and-haul facility could also bebuilt on the lower Salinas River This option would be
advantageous in several ways. First, from a costandpoint building one facility would be
cheaper than buildinga facility at each damGiven the low annual abundance of adults
returning to the Salinas Riverasimple facility like those describedunder Alternative 2

would likely be sufficientto accommodateexpected peak returngto the Salinasbasin.
Additionally, a facility located in thelower basin may facilitate adult passage during dry
water years whenlong stretches ofthe Salinas Riverun dry. For this to happen, the facility
would likely need to bewithin a few miles of the lagoon Another advantage of this

approach is that fish could be moved tother basins in addition to Nacimiento and San
Antonio.NMF® c¢mmcge 1 AOOAO O1 - # mé@mo adiresadd © BihBvens, OAAET EA,
NMFSfrom Mark H. Capelli, NMFS SICsteelheadrecovery coordinator, which described

the role of the Salinas Riveand its tributaries in meeting NMF$ OEAAEIT EOUT OAAT OAOU
The memo explains that the Salinas River, given its size and complexdgntains five

distinct steelhead habitat areasncluding Gabilan Creek, Arroyo Seco River, San Antonio
River, Nacimiento River, and thaipper Salinas River systermwhich includes numerous
tributaries including the Santa Margarita RiverAn adult colection facility in the lower
Salinas River could pree to be a vital tool for promoting recovery goals given the
historically pervasive drought condition that may continue well into the future

exacerbating water scarcity throughout the basin. Additional genetic investigation would be
required to developa management plantat directs allocation of captured adults to each
distinct habitat area. This strategy mayresult in a greaternet benefit to steelhead in the
basin than constructingseparatepassage facilitiesat Nacimiento and San Antonio Dam

A facility in the lower river would need to be located near a water supplwhich may prove
difficult. Facilities at the dams have the advantage of being ableusewater stored in the
reservoirs for facility operations. Additional investigations would be required to determine
if a location in the lower basin could provide the necessary amount of water to the facility
during the adult migration period, particularly during drought years. One possible location
is at or near SRDKEFigure 1-1). Locating the adult collection facility near the SRDF could
prove advantageous from a design and construction perspective in thasing portions of
the existing infrastructure could reduce overall costs. The SRDF is also located in the
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watershed, which could prove advantageous during drought conditions when much of the
river upstream becomes dry or intermittent.

3.24.1 Technical Considerations

The following advantages (pros) and risks (cons) were identified fodSAlternative 3 at
Nacimiento and San Antonio Dams.
Pros

1 May provide for adult upstream passage during droughyears when flows in the lower
Salinas Rivempreclude natural passage

91 Facilitate recovery efforts in the five distinct steelhead habitat areas within the greater
Salinas River basin

1 Need for one collection facilityrather than two, resulting in lower construction and
operational costs

Cons

91 Does not provide volitional passage

1 Genetic analysids neededto appropriately distribute captured adults to natal
subbasins

Daily staffing of the facility would be required during migration window.
Human handling is required increasing potential for injury or death.

Potential for vehicular accidents during transport which could result in loss of a load of
fish.

1 Uncertain availability of water during dry yearsto consistently operate a trap in the
lower river .

1  When sufficient flow is available to maintain a lagoon opening and attract steelhead,
upstream passage to the Arroyo Seco and other tributaries may already be possible
without the need to trap and haul.

3.24.2 Estimate of Construction, Operation, and Maintenance Costs

Construction and operation and maintenance costf®r similar trap -and-haul facilities are
described inSection3.2.3.4 Estimate of Construction, Operation, and Maintenance Costs

3.3 Downstream Passage

Downstream passagédor juvenile salmonids can be particularly challenging at higthead
dams due tocosts and engineering complexity Passage for juvenile salmonids at highead
dams, such as Nacimiento and San Antonio, can occur through various volitional armh-
volitional methods. Volitional passage methods include unmodified dam outletsyrbines,
spillways, screened bypassedypass channelsand other water conveyance systera. Non
volitional passage most commonly occurs vigap-and-haul systems suchasfloating
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surface collectos (FSCs)In systems that support iteroparous salmonids such a®. mykiss
downstream passage systems must also suppgubst spawning adults known as kelts

3.3.1 Selection of Juvenile Passage Alternatives

Numerous technologies were considered for juvenile downstream passage at Nacimiento
and San Antonio Dams. However, certain options were ruled out based on the physical
characteristics of the facilities and surrounding landscapeTable 3-4). After a preliminary
review of upstream passage optionssix alternatives were included to be further evaluated

Volitional passage through unmodified dam outlet works
Volitional passagethrough dam spillways.

Volitional passage through screened intake and bypass system
Truck-and-haul systemusing FSG in reservoir forebays

Floating weir collector (FWC)using a bypassor trap-and-haul collection facility.

ok w N

Trap-and-haul system using an ifriver collector in the river upstream of the reservoir
pool.

Table3-4. Deferred Juvenile Passage Alternative

Considered Alternative Reason for Deferment

Roughened Bypass Impractical due to height of the dam and steep surrounding
ChannelNature -like fishway topography

Floating Bypass Channel Significant devation changes in reservoir

Fish Locks Difficult to design due to height of dam and rugged topography

3.3.2 Existing ConditionDSVolitional Passage through
ExistingDam Outles

Juvenile salmonids camseexisting dam outlets as passage routes. However, depending on
the configuration of the facility this may be ineffective and may result in high rates of injury
and mortality. Injury and mortality rates are dependent on which route juvenile take,

either through the dam outlet or over the spillway(DWR 2013). Survival of fish passing
through hydroelectric turbines depends on the size, type, and operation of the turbines and
the species, size, lifestage, and condition of fi§PWR 2013). Passage through turbies has
become less common as the understanding of risks has become better documeraed
designsmove fish through different routes

3.3.2.1 Nacimiento Dam

As described inSection2.2.1.1, Nacimiento Dam has two outlets, the HLOW and the LLOW
(Figure 2-2), that steelhead smoltscould volitionally useduring their downstream

migration. However, both outlets wouldexposesteelhead smoltsto a variety of potentialy
lethal mechanisms. Mortality and injury related to passage through turbines is well
documented and results from extreme pressure changes, blade strikes, shear stress, and
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cavitation (Keefer et al. 2013; DWR 2013)Passage through the HLOW presents risks
becausefish would travel approximately 508 feet down the concrete spillway to the plunge
pool andmay experienceabrasion and shear stress.

Passage through the LLOW also presents challenges. For fish to move through the LLOW to
the Nacimiento River, they would first need to pass through the hydroelectric plant turbines
before exiting to the lowlevel outlet channel and the main river. Migratimg juvenile

salmonids are generally surface oriented and may have difficulty locating the LLOW when
reservoir elevations are greater than 67deetamsl (location of the LLOW), which may delay
migrants and increase exposure to piscivorous predators. Surviviiirough turbines can

vary depending upon the type of turbine, volume of flow, species, and fish size. For example,
Muir et al. (2001) found that yearling Chinook salmon survival through the turbines at Little
Goose Dam ranged from 86.5 to 92.7% and was approximately 93% for steelheRdrry et

al. (2003) found that yearling Chinook salmon (87%) survived passage through turbines at
McNary Dam on the Columbia River at higher rates than subyearling Chinook salmon

(77%).

3.3.2.2 San Antonio Dam

Seelhead smoltspassingSan Antonio Danvia the outlet works would face similarobstacles
as described for Nacimiento Dam. Howevefan Antonio Dam is not equipped with a
hydropower system and is used exclusively for water storage and flood control. Water is
released via the outlet works(645 feet amsl) to the outlet channeland the lower San
Antonio River.Migrating juvenile salmonids are generally surface oriented and may have
difficulty locating the outlet works when reservoir elevations are greater tha 645 feet
amsl, which may delay migrants and increase exposure to predatofd/hile fish could pass
through the outlet works it is unclear how well fish would survive Migration through the
16-mile San Antonio Reservoiposessimilar risks as those described for Nacimiento
Reservoirandin Section3.1. Poor water quality, predation, and low flow and velocity
conditions may result in poor smolt survival rates through the reservoir.

3.3.2.3 Technical Considerations

While juveniles could pass through the existing outlets alacimiento ard San Antonio
Dams, studies have not been completed to evaluate survival or passage efficiency through
the outlets, but they are expected to be lowAdditional investigations would be needed to
fully evaluate the effectiveness of this approachlhe following advantages (pros) and risks
(cons) were identified for DSVolitional Passage through Existing Dam Outlets Nacimiento
and San Antonio Dams.

Pros

1 No modifications to the currentdam configurations areneeded.

Cons

9 Passage rates are likely to be low as fish are unlikely to be attracted to the outlet gates
at either facility.

1 Fish injury or mortality could be high, particularly atNacimiento Damdue to the
presence ofhydroelectric turbines.
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3.3.3 DSAlternative 1:Passageia Spillway

A more commonapproach is topassmigrating juvenile salmonids over spillways during
spill eventsor intentionally spill water during the outmigration period . This practice is
commonly used at runof-the-river dams such as the mainstem Columbia or Lower Snake
River dams that have very little storage capacity. Spillways are rarely used at facilities
designed for water storage and flood contral

3.3.3.1 Nacimiento Dam

Smolts could also pass over the spillway when reservoir levels exceed flood pool elevations
and water is passed over the spillwayPassage over a spillway is generally safer for juvenile
outmigrants than passage through turbines. Mortality and injury rates associated with
spillway passage can be lower than through turbines but is dependent on the spillway
configuration and plunge pml depth.

Given the recent and prolonged drought conditions throughout California, spilling at
Nacimiento Dam § unlikely to occur at frequent intervalsin the future 2 Moreover, passage
via spill would also likely result in high injury and mortality rates given the length (540 feet
long) and steep gradient (0.15t/ft to 0.5 ft/ft) of the spillway chute. Additionally, the chute
is concrete which could cause abrasive damage to smolts plummeting down the spillway.

3.3.3.2 San Antonio Dam

Like Nacimiento Dam, the spillway at San AntoniDamis used when reservoir elevations
exceed the flood pool elevation (78@eet amsl). Given recent drought conditions it is
unlikely the spillway would be used in the future or that enough stored water would be
available to provide spill specifically for smolt passageddditionally ,the San Antonio
spillway is a passivedesign, meaning that when water reaches certain elevation it spills
over the dam down the spillway.

3.3.3.3 Technical Considerations

Based on thespillway and spilling basin design some survival of smoltpassedvia spill is
possible. However, neithedam regularly spills water due to water storage needsThe
following advantages (pros) and risks (cons) were identified for DS Alternative 1 at
Nacimiento and San Antonio Dams.

Pros

1 No modifications to the current dam configurations are needed

Cons

91 Spill events have occurred infrequentlyin the pastand gven recent drought conditions
intentionally spilling water to pass smolts is not feasiblet either facility without
severelyaffecting facility operations, flood management, anégency water allocation
requirements.

2 Future investigations could examine the frequency of watethat is released via the vaious spillway
components (e.g., highevel gates, Obermeyespillway gates).
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1 Dam operations would need to be modifiedo provide enoughspill during the migration
period to pass juveniles.

1 Injury and mortality rates are likely to be high given theheight and structure ofeach
spillway.

3.3.4 DSAlternative 2 Passagéhrough a Screened Intake
and Bypass

Volitional passage can also be achieved throughcombination of fishscreers and abypass
system.Fish screens are designed to preveriish, primarily juveniles, from being entrained
into water diversions including hydroelectric facilities, municipal, irrigation, or other water
withdrawal projects (NMFS 2022. Screened bypass systemallow migrating fish around a
dam without passing through the powerhouse or over the spillwayDWR 2013). Bypass
systems are commonly used in th&acific Northwestand Californiaand utilize angled,
louver, Eicher, modular inclined screensangled rotary drum screens, plane screens, or
submerged traveling screensAdditionally, screened bypassesare designed to prevent fish
impingement and avoid predation above background levels (NMFS 20R&creens generally
require periodic maintenance to remove debrisand ensure they are functioning properly.
All new fish screens are required to include active cleaning systentisat remove
accumulated debris and ensures the screens are clean and free of impinged materials.
Cleaning systems are physical, hydraulic, or pneumatic. NMFS (2028commends physical
cleaning systems for most applications, whichisea brush or other device to physically
remove debris.

A juvenile bypass system can either move fistirectly into the river below the dam or into a
collection and transport facility from which they can be trucked further downstream and
released.Physical giidance structures such asets direct fish into the bypass systenand
away from the water diversion A screened bypass system shoultbnvey100% of the
diverted water through the screening system to ensure afish are removed beforethe
water enters the water diversion facility. A portion of the diverted waer would be routed to
the bypass to transport fish around thedam. Flow into the fish screens needs to be strong
enoughto attract fish but within suitable velocity ranges(<0.4 foot per second)(NMFS
2022). Bypass entrances should be located at the downstream end of the fish screens and
allow downstream migrants to easily locate and enter the bypass pipe or condwnhd
naturally funnel fish and flow to the bypass entrance (NMFS 2022).

An exampleof ascreened juvenile bypass system is operated on Rocky Reach Damthe
mainstem Columbia River. The juvenile bypass system at Rocky Reach Dam includes a
collector system comprisel of two channels in the dam forebay. The channels include
stainless steel screens and submerged pumps that create attraction flows. Once in the
channel, fish move into a steel tube that transports fish through the dam and then across the
face of the spillway before returning fish back to the Columbia River about aitfdl of a mile
downstream of the dam. While this system is substantially larger it provides an example of a
highly effective screened bypass system that could be modified and applied to Nacimiento
and San Antonio Dams.

3.34.1 Nacimiento Damand San Antonio Dam

A screenedjuvenile bypass systemat Nacimiento and San Antonio Damsvould need to
accommodatethe large annual fluctuations in reservoir elevationgFigure 3-6). One
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possible approach toaccounting for reservoir fluctuationsis a floating or adustable intake
attached to atower structure that could track changing reservoir levelsDesigning this type
of facility would be complex and costlyA variety of screen typescould be effective
including V-screers, rotary drum screens, or cylindrical screens (NMFS 2022However,
screen elevationswould need to be manually or automatically adjusted based on reservoir
levels. NMFS (2022) criteria require thatscreens be fully or partially submerged depending
on screen type. Further engineering investigations would be needed to determine the most
appropriate and effective screen typeand would depend largely on the amount of water
availableto operate the screens and bypass systemSonceptually, asmall proportion of
operational flow would be diverted through the facility to transport fish through a bypass
pipe. The remainder ofthe flow would be used fornormal dam operational purposes.

Given thesmall releases at San Antonio DarffFigure 3-7) there may not be sufficient water
to accommodate a bypass facility as it would require continuous attraction floand flow
through the bypass pipe for the duration of the migration window. Operations at
Nacimiento would likely accommodate a bypass system as releases during the migration
period are generally higherand could accommodate the additionalvater demands of the
passage systemHowever, both reservoirs experience periods when flows are excepnally
low, which may inhibit screen operation and reduce passage of smolts and keldinimum
flows from Nacimiento Reservoir are currently managed at 60 cfavhile flows at San
Antonio are managed at 3 cfs. These values will likely change once hydrologic modeling is
completedas part ofthe HCP process.

Like Alternative 1, screened bypass systems at the dams require that fish travel through the
entire reservoir before entering the bypass systenexposing fishto predation, poor water
quality, and low flow and velocity, all ofwhich canreduce smolt survival (Section3.1).

Fish would either be releaseddirectly into the outlet channels below the dams or inta
collection facility to be sorted and transferred into trucks and driven downstream to be
releasedin the lower Salinas Riverlf released into the outlet channetareful consideration
of the outfall location is neededBirds or warm-water fish may be attracted to and
congregate neatthe fish return outfall and feed on migrating smolts NMFS requires lypass
outfalls to be located in areas with sufficient depth and veloty to reduce avian predation
and deter predatory fish from congregating at the release locatiofNPCC 2016)

A collection facility could belocated at the end of the outfall in the outlet channeto allow

for sorting, enumeration, and monitoring of migrating fish. This facility would also ensure
that nonnative fish (e.g., smallmouth bass, striped bass) remain in the reservoir and do not
infiltrate the lower Salinas RiverWithout the sorting facility all fish would be allowed to
move through the bypass to the loweNacimiento, San Antonio, an&alinas Rivers. Pending
further investigation, it may be important to prevent the passageof nonnativesfrom the
reservoirs to the lower rivers. Similarly, the collection facility would also allow forcollected
fish to be trucked downstream shouldlow water or poor water quality in the lower
Nacimiento or San Antonio Riersimpede downstream migration to the lower Salinas River
and the ocean

3.34.2 Technical Considerations

The following advantages (pros) and risks (cons) were identified for DS Alternative 2 at
Nacimiento and San Antonio Dams.
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Pros

9 Fish can access the entire reservoir for rearing due to the locatiaf the collection
facility.

1 Provides volitional passage for smolts and kelts
1 Fish would be expected to survive ahigh rates through the bypass to the tailrace

1 A collection facility would allow for more detailed monitoring and separating of species.

Cons

9 Fish would be suseptible to high temperatures and predatorsvhile migrating through
the reservoirs.

1 Operation of multiple gates/intake facilities would require close monitoring and
automation to ensure the facilityremains functional across the range of reservoir
elevations.

1 Large and costlyfacility to design, construct and operate

3.3.4.3 Estimate of ©nstruction, Operation and Maintenance Costs

Screened juvenile bypass systems are generally expensieeconstruct, operate, and
maintain and can vary widely dependng on the characteristics of the river, reservoir, and
facility. A few examples of construction costs for specific projects in theacific Northwest
are provided.

1 Rocky Reach Daron the Columbia River screened juvenile bypass was built in 200@r
approximately $107 million3 (equivalentto $176 million in 2022) .

1 Construction is currently underway for a novel helixoypass and tunnel at Cle Elum Dam
on the Cle Elum River. The project is estimated to casignificantly more than $100
million.

Permitting, design, administrative, and operation and maintenance would be additional
costs.

3 Juvenile Fish Bypass (chelanpud.org)
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Average Annual Reservoir Elevation Fluctuations (ft)
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The shaded grey area represents the minimum and maximum observed monthly fluctuations in surface elevation.

Figure3-6. AverageAnnual Reservoir Surface Elevation Fluctuatiqfeet) observedvonthly
at Nacimiento (19582022) and San Antonio (1968022) Reservoirs

Nacimiento and San Antonio Dams Steelhead Passage Deember2024

Feasibility Study 3-26



Monterey County Water Resources Agency Fish Passage Alternati

.
£ 000 *
.
} .
4.000 -
t .
.
.
L4 .
"
< 000 ; : * *
-
"
. H .
w 3 . t s
= H * * . | §
- — 1 |
v L4 ,—|—| — l
v _1_ PR == T T 1 | —— I
10 o
o
[T
1
—
[=] - -
=
&
©
EII]:""_: .
TS0
H
4 H - -+
¥
- - "
*
o0 * -! *
* ! -
H - . -
: - *
. i * . - .
& I - - *
H -
250 . * [ ] i .
-
# - £ g # - * [ ]
* i H . + .
A P
. | E .
L] L *
- . L2 i '! "
Jan Fab Iar Apr Kiay Jun Ju Ay Sep e M Diec

Median values are indicated by the horizontal black line in each box, the lower and upper hinges are théh2ind
75th percentile values, each whisker extends 1.5 times the interquartile range, and the points represent outliers.

Figure3-7. ReservoilReleasedrom Nacimiento (top) and San Antonifbottom) Dams January
1, 200Q to August 30, 2021
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3.3.5 DSAlternative 3 Floating Surface Collectan Reservoir
Forebay

Trap-and-haul programs have become increasingly popular in systems where juvenile
salmonids must pass through multiple reservoirs to complete their seaward migration.
Trap-and-haul operations caninclude FSG, in-river collectors, or bypass channels or pipes
leading to a collection facility(Section 3.3.4DS Alternative 2Passage through a Screened
Intake and Bypass Captured fish are then transferred to truck and transported
downstream and released back in the river to complete their migration.

FSG are facilities built to take advantage of juvenile salmonids neaurface orientation
during downstream migration. These facilities float in the reservoir forebay andreate
attraction flows using a series of pumpshat draw juvenile salmonids into the collection
facility and prevent them from entering thepowerhouse or outlet works. FSCs have become
increasingly popular in thePacific Northwestat hydroelectric facilities with large storage
reservoirs. Large FS€are currently operated onSwift Reservoiron the Lewis River
Washingtonand in Upper and Lower Baker Lakein the Skagit River basin Washington
The BakerLake projects have been extremely successful at passing large numbers of
juvenile salmonids andhave become well known as successful case stigd for juvenile
salmonid passage at a higthead dam with numerous reservoirg NPCC 2016) FSCs are
generally built away fromthe dam face to improve collection efficiency and prevent
entrainment into the powerhouse or dam outlet. It is common for FSCe be built with
structural guidance systemssuch asguide netsto prevent fish from entering turbine
intakes, diversions, or spillwaysand guiding them into the FSCDWR 2013). Once collected
in the facility, fish are held in tanks until they are transferred into trucksand driven
downstream to complete their migration to the ocean.

An FSQwas recently installed at Los Padres Dam on the Carmel River and has had varying
succesgdOhms and Boughton 2021)The surface collector at Los Padres imd&WC FWG
require attraction flow to draw fish into the collection system. The FWC at Los Padnases

5 cfs inflow at the inlet with increasing velocity further into the facility, maxing out at 7 feet
per second The FWC system on the Carmel River connects to a bypass pipe that transports
fish 1,200 feet around the dam and releases them approximately 200 feet below the
spillway.

3.35.1 Nacimiento Dam

Given that FSCs are designed fimat on the water surface a key considerationis the
magnitude ofsurface waterelevation fluctuations. Extreme fluctuation n water elevation
may complicatethe design and operation of a FSC facility Water surface elevation at
Nacimiento Reservoir has been monitored since 195&bstantial fluctuations in surface
elevation have beerrecorded during the juvenile outmigration period (Figure 3-6). In some
months, reservoir elevationvaries nearly 80 feet, which may pose significant engineering
challenges particularly for the behavioral or physical guidance systerdirecting migrants
into the facility. Physical guidance systems, such as guide nets, can be challengimg
expensiveto install, maintain, and opera¢ andrequire significant configuration testing to
ensurethat a high proportion of smolts are directed into the FSCln systems that transport
large amounts of wood and other debrigrequent maintenance is requiredfor the systam to
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remain effective. This is not likely to be an issue in Nacimiento Reservoir given the
surrounding vegetation and landscape.

Another concern related to the fluctuationin reservoir elevation is the amount of water
required for attraction flows to draw smolts into the facility. Like fish ladders for upstream
migration, smolt passage systems, particularly in reservoirs where flow and velocityre
often low, require sufficient attraction flow to function properly. If the FSC attractiorflows
are too similar to the background reservoir flow smolts may havedifficulty locating the
facility . Additional investigations would be requiredto determine appropriate attraction
flows for a FSC at Nacimiento Darilowever,based on information from similarfacilities,
attraction flows would likely range from 200to 500 cfsto effectively draw and retain smolts
in the facility. Attraction flows at the FSC installed at Swift Reservoir on the Lewis Rivare
approximately 600 cfs during normal operatiors and 500 cfsis usedat the FSn Baker
Lake (NPCC 2016) These projecs are likely larger than what would be required at
Nacimiento Dam but providecontext on theexpectedrange of attraction flows required to
ensure high captire efficiency at the facility.Providing sufficient water to produce that
amount of attraction may not be feasible at Nacimiento reservoir levels are low.

At Nacimiento Dam the FWC described above would be a more feasible approach compared
to the FSC. FWCs are typically smaller and require less infrastructure relative to an FSC such
as the ones described in Washington. A design similar to the FWC at Los Radpam may
perform well at Nacimiento Dam because it could accommodate the fluctuating reservoir
levels with significantly less attraction flow relative to an FSC. The current minimum

monthly flow requirements at Nacimiento (60 cfs) would likely be sufficent FWC attraction
flows. Similarly, the FWC would be simpler to operate. However, low reservoir levels may
impair FWC function, and a pumping system may be required to move fish from the

collector to the bypass or into the collection facility. At highera&servoir elevations a gravity

fed system may be sufficient to move fish from the collection facility. The FWC could be
designed to move fish to a bypass pipe with an outfall in the outlet channel or fish could be
moved into a holding facility to be sortedbefore being moved to trucks and transported
downstream. The benefits of a collection facility are described as part DSAlternative 2. A
physical guidance system would be needed for an FWC at Nacimiento Dam to function
efficiently. Relative to Los Padres Dam and Reservoir, thacimiento forebay is wider and
longer, which may cause fish to havdifficulty locating the FWC entrance. A guide net would
be important to ensure that a high proportion of fish locate the facility.

A downstreampassage at Los Padres Dam occurs via the FWC and over the spillway. As
described inDSAlternative 1, providing downstream passage via the spillway at
Nacimiento Dam is not feasible given the low frequency of spill events. Because of this an
FWC at Nacimiento would be the only passage route for downstream migrants. Monitoring
of outmigrant movements at Los Padres Dam found that fish were more likely to utilize the
spillway than the FWC, but passage over the spillway was depth limited (Ohms &t2022).

The dfects oftraveling through Nacimiento Reservoir as described previously in
Alternatives 1 and 2 are also applicable here.

3.35.2 San Antonio Dam

Designing an FSGn San Antonio Reservoir presergsimilar challenges as those described in
the previous section for Nacimiento Dam and Reservoigurface elevations in San Antonio
Reservoirare generally more stable than Nacinginto Reservoir(Figure 3-6). However, over
the course of the monitoring period at the reservoir (196¢2022) surface elevations vary
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substantially, more than 130 feet in some monthsEffectively maintaining and operating a
FSC in San Antonio Reservoir would be challenging given tlaege fluctuations in surface
elevation, potentially poor reservoir water quality conditions during the outmigration
period and expectednecessaryhigh attraction flows.

The effects of traveling throughSan AntonioReservoir described previouslyunder DS
Alternatives 1 and 2 are also applicable here.

3.35.3 Technical Considerations

Constructing an FSC at Nacimiento and San Antonio Resergadrlargely infeasible due to
the extreme fluctuations in reservoir elevation. An FWC may be more feasible armbuld
accommaodate large fluctuations in reservoir elevations. However, it is unclear how
successful this system would be without supplementing passage \iae dam spillways.The
following advantages (pros) and risks (cons) were identified for DS Alternative 3 at
Nacimiento and San Antonio Dams.

Pros

9 Access to the entire reservoir for rearing, foraging, and growth

9 Guide net would prevent fish from entering thedam intakes.

9 Collection facility would ensure nonnative species are containeid the reservoir.

Cons
1 Adequate attraction flows may be difficult to attainat both facilities.

1 Guide nets are not 1006 effective,and some fish may pass through the nét the
turbines (Nacimiento), or outlet works (Nacimiento and San Antonio).

9 Costs for design, construction, and operatiowould be very high.

3.354 Estimate of ConstructionQperation and MaintenanceCosts
Costs to design, construct, operate, and maintaim&SC are high.

Examples of construction and operation and maintenance costs for other projeatsth high-
functioning FSCare provided below.

1 Floating surface collector at Upper Baker Lake wasperational in 2008 and cost $3
million (equivalent to $73 million in 2022) to construct and costs between $500,000
and $600,000 to operate and maintaifNPCC 2016)

1 Floating surface collector was installed on Swift Reservoin 2012 and costroughly $64
million (equivalent to $82.7 million in 2022) and costs nearly $300,000annually to
operate and maintain(NPCC 2016)
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Figure3-9 Example of Possible FSC Configura@i$an Antonio Dam
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3.3.6 DSAlternative 4: In-River CollectotJpstreamof
Reservoir

Another trap-and-haul designusesan in-river collector upstream of the reservoir.This
alternative could be accomplish using a temporary trap system such as a screw trap or a
permanentin-river guidance system such as an inflatable rubber dawor a weir that directs
fish and water through a screenedoff-channelbypassand collection facility. Temporary
trapping systems could be employed to ramp up passage efforts and preliminarily evaluate
the effectiveness otollecting smoltsin the upper river basins. For a longterm passage
operation, the inflatable rubber dam or weir may be more appropriate and effectiveMost of
the diverted screened water would be returned to the riverand a small portion would be
used to movefish into holding tanksuntil they could betransported in trucks downstream
of the dams.This design could be operated acrosswide range of flow conditions during
the migration window as well as allow for unimpeded flovg outside of the migration
window. This type of facility could accommodate outmigrating smoltsand kelts.
Additionally, this type of design would require a fishwaybuilt on the opposite bank to
accommodate upstream passage while the dam is inflate@in in-river collector upstream of
the reservoir eliminates exposure to poor water quality, reduces predabn risk, and
decreases migration time and distance

3.3.6.1 NacimientoReservoir

DSAlternative 4 at Nacimiento Reservoir considers a permanerih-river guidance system
including a rubber inflatable Obermeer-style dam, screened bypass facility, collection and
holding facility, truck loading apparatus and adult upstream fishwayThis alternative

would require backing up water within the river to create a pool deep enough for a bypass
system to function effectively Field surveys would be neededo identify a suitable location
and determine the dimensions of thedam, but aerial imagerysuggests that the dam would
need to be roughly 200 feet wide if constructed near Grizzley Berféigure 3-10). The

height of the dam would likely need to be between 5 and 10 feet depending site
characteristics. The river stage height further upstream near Bryson can range fror to 10
feet during the smolt migration period.Additional engineering investigations would be
required to determine the dimensions of the damithe size of the backwatemool formed
behind the dam and thetotal areaof surrounding landscapethat would be inundated as a
result. Predation is another concern with formng a deep water pool behind @am
constructed at theupstream end of the reservoir as this would likely create habitat for
warm water piscivorous fish such as whie bass.

A pool and weir fish laddermay be necessary depending on upstream passage
opportunities. If a ladder was deemedecessary|t would be designed per NMFS (2022)
passage criteria for adults and juvenileand located opposite of the bypass facilityAn adult
trap-and-haul system would eliminate the needor a fish ladder asadults could be released
upstream of the inriver collection system.Flow through the fish ladder would likely be less
than 10 cfs to minimize the number of juveniles that utilize this pdtway while providing
sufficient conditions for adults to swim upstream through the ladder. However, some
downstream migrants would avoid the bypass and collection facility and migrate through
the fishway to the reservoir. Without passage facilities at thdam these fish would be
trapped within the reservoir unable to complete their downstream migration.
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High spring flows observed in theupper Nacimiento basinmay make operating this type of
facility difficult (Figure 3-11). The rubber bladder would need to be deflated whethe river
stage exceeds the dam heightvhich would allow downstream migrantsto bypass the

facility . Spilling water over the dam is not operationally feasible as this would significatyt
reduce the number ofdownstream migrants captured in the bypass and collection facility
(Manning et al. 2005) However, given thenagnitude of recent discharge conditions in the
upper river (Figure 3-12) it may be difficult to design a facility capable of accommodating
the expected volume of water. Conversely, given recent drought conditions flows during the
winter and spring may be too low to continuously operate this type of facility.

An additional challenge associated with this alternative is the remoteness of the area
upstream of NacimientoReservoir. The river within approximately 5 miles of the reservoir
is largely inaccessible by road. Construction of an4rnver collector near Grizzley Bend
(roughly 2 miles from the edge of Nacimientdreservoir) would require construction of new
roads to support construction and operation of the facility. Thigpresentssignificant
permitting challenges.Moreover, this type of facility would have aignificant impact on the
terrestrial and aquatic environments, modifying sediment transport dynamics, altering the
surrounding landscape by increasing inundation elevations, and possibhffecting riparian
or upland species. Impact®n terrestrial and aquatic state- and federallylisted species
would also be a concern from a permittingcost, and feasibilityperspective.

A temporary systemwith screw traps could be usedo preliminarily evaluate effectiveness
of an in-river collector. A screw trapcould be locatednear existing roadsupstream of
Grizzley Bend. This type of operationvould require daily operation and maintenanceto
ensure high collection efficiency and low injury and mortality ratesA physical guidance
device such asnet may alsobe needed to ensure high proportion of outmigrants are
captured. Following collection, smolts would be removed from the trap and transported
downstream in trucks to the lower Nacimiento Riverbelow the dam or another release
location in the lower Salinas RiverThis approach could also provide valuable information
on current anadromousO.mykissproduction in the upper basinand potential feasibility and
effectiveness of a largeiscale intriver collection operation.

3.3.6.2 San Antonio Reservoir

The San Antonio Rivein the first 6 miles upstream from the reservoirmay be lesssuitable
for Alternative 4 given the lower volume of water and complex, braidedind wide alluvial
channel(Figure 3-13). An in-river collector would likely be most effectivenear where
Interlake Road(SR G14) crosses the San Antonio RiverHjgure 3-13). A similar system as
described above for Nacimiento Rivewould be designed for the San Antonio River. The
inflatable rubber dam wouldneed to create a backwater deep enough to divert water to the
screenedoff channel bypass and collection facility. The San Antonio River upstream of the
complex braded reachis between 60 and 180 feet wide and the river stagean vary up to
10 feet. Additional engineering investigations would be required to determine the
dimensions of the dam, the size of the backwater pofdrmed behind the dam, and the total
area of surrounding landscape that would be inundated as a result.

A pool and weir fish ladder may be necessary depending on upstream passage
opportunities. If a ladderwere deemed necessaryit would be designed per NMFS (2022)
passage criteria for adults and juveniles and located opposite the bypass facility. An adult
trap-and-haul system would eliminate the needor a fish ladder as adults could be released
upstream of the inriver collection system. Flow through the fish ladder would likely be less
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than 10 cfs to minimize the number of juveniles thatisethis pathway while providing
sufficient conditions for adults to swim upstream through the ladder. However, some
downstream migrants would avoid the bypass and collection facility and migrate through
the fishway to the reservoir. Without passage facilitieat the dam these fish would be
trapped within the reservoir, unable to complete their downstream migration.

High spring flows observed in theupper San Antoniobasin may make operating this type of
facility difficult ( Figure 3-14). The rubber bladder would need to be deflated when river
stage exceeds the dam height which would prevent capture of downstream migrants.
Spilling water over the dam is not operationally feasible as this wouldignificantly reduce
the number of downstream migrants captured in the bypass and collection facilifManning
et al. 2005) However, given the magnitude of recent discharge coriins in the upper river
(Figure 3-15) it may be difficult to designa facility capable of accommodating the expected
volume of water. Conversely, given recent drought conditions flows may be too low to
continuously operate this type of facility.

The proposed construction areds accessible via existing roadsvhich would minimize the
construction and permitting required. However, Alternative 4on the San Antoniovould
have an impact on terrestrial and aquatic environments The inflatable rubber dam would
modify sediment transport dynamics,the backwater behind the dam wouldalter the
surrounding landscape by increasing inundation elevationand couldaffectriparian or
upland species. Impact®n terrestrial and aquatic state and federally listed species would
also be a concern from a permittingcost, and feasibilityperspective.

The temporary system described for Nacimiento could be preliminarily useth the upper
San AntonioRiver to evaluate the effectiveness of an tniver collector system. Smolts
collected in a screw trapcould then be trucked downstream tothe lower San Antonio River
or the Salinas River.

3.3.6.3 Technical Considerations

The following advantages (pros) and risks (cons) were identified for DS Alternative 4 at
Nacimiento and San Antonio Dams.

Pros

1 Eliminates risk of low survival through reservaoir.

1 Does not require modification to dam structures.

1 Could be implemented in phasewith a screw trap or other temporary trapping systens
initially.

Cons

1 Risk of failure at high flows

9 Areas upstream of the reservoirs are remote and largely inaccessible. Additional
reconnaissance would be needed to determine accessibility.

Some outmigrants may avoid the facility and end up in the reservoir.
Sediment, bedload, and debris accumulation may periodically impede operations.

Backwater created by the dam may impact upland and ripariaspecies.
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Complex environmental permitting.
Human handling is required increasing potential for injury or death.

Potential for vehicular accidents during transport which could result in loss of a load of
fish.

3.3.6.4 Estimate of Construction, Operation, and Maintenance

Example costs from other projects are not availablbecausethis type of passage approach
has not been widely applied. A screw trapping program would include equipment,
personnel, construction, permitting, and administrative costs. Installing a rubber dam with
a bypass facility presents numerous permitting, desigrand construction challenges. United
Water estimated the cost of an ircreek collector of $%5 million with annual operating

costs ranging from $30,000 to $50,00QSanta Felicia Dam Fish Passage Pa@6llL7). The
cost of intriver collectors on Nacimiento and San Antonio Rivers may be greater compared
to Piru Creekbecausethey are larger systems and may require a more complex design.
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Figure3-10. ConceptuaExample ofan In-Rver Qollection System Canfiguration in the Upper
Nacimiento River near Nacimiento Reservoir
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Figure3-11. Mean Daily Flowson the Nacimiento RiveRecordedat USGStream Gage
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Figure3-12. Mean Daily Flowson the Nacimiento RiveRecordedat USGStream Gage
337

Drought conditions were present from 2012 through 2016 and in 2018, 2020, 2021, and 2022.
1114890Mnear Bryson, California between 2Q%&nd 2022.
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Figure3-13. ConceptualExample ofan In-River Collection System Configuration in the Upper
San Antonio River near San Antonio Reservoir
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Figure3-14. Mean Daily Flowson the San Antonio RiveRecordedat USGStream Gage
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Figure3-15. MeanDaily Hows on the San Antonio RivdRecordedat USGStream Gage
11149900near Lockwood, Californiaetween 2010 and 2022

3.4 Passagé&nhancemens

Facility enhancements could be added to the alternatives describea Section 3.3,
Downstream Passag#o improve downstream fish passage efficiencyOne such example is
an acclimation or releasgpond. A release or acclimation pond holds transpoed juveniles,
adults, or kelts temporarily for a short period to allow them to recover from handling stress
and acclimate to the conditions of the water at the release sitAn acclimation facility
typically includes a fish unloading facility water supply from the receiving waterbody,
holding pond, predator protection and deterrent devices, and a release gatscations of
acclimation/release ponds would be determined once final passage strategies are selected
however at least three release sites would be needeftt) upper Nacimiento River,(2)

upper San Antonio River, and3) lower Salinas River.

Another possible enhancement is a monitoring facility. A monitoring facility was described
as part of DS Alternatives 2, 3, and &he goal of a monitoring facility is to collect
demographic and biological data omigrating juveniles and kelts. The ronitoring facility
would allow accurate counts of migrantsand as deemed necessarallow direct sampling or
tagging of individual fish. The addition of a monitoring facility walld improve the
understanding of population dynamics in the basin and inform recovergfforts. Juvenile
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and adult monitoring facilities could also be combined depending on the selected passage
strategies.
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Chapter 4
Steelhead TrouProduction Potentialin the Upper
Nacimiento and San Antoni@atersheds

This chapter supplemens the dam fish passagédeasibility analysis by examining the potential of
the Nacimiento and San Antonio basins upstream of the reservoirs to support and produce
steelhead trout.This evaluation quantifiessteelhead productionupstream of thedamsusing
readily available public dataand onthe-ground habitat surveys in selected stream reaches
Evaluating steelhead production potentialin the upper basinthrough habitat characterization

is a critical component of the passage feasibilitstudy. If the quantity of highrquality suitable
habitat in the areas upstream of thelamsis low, modifying the damswith passage facilities is
unlikely to result in meaningful increases insteelheadproduction. However, if habitat quality in
the upper basins is high and abundanthen steelhead production could be greatly improved if
access is restored.

First, the following subsections describeconditions in the upper basins based on historical
reports and data.Then conditions in the upper basin are examined to assess migration and
rearing opportunity for steelhead trout using topographical, hydrologic, ana&hannel
geomorphological information derived from GIS and field data

4.1 Historical Conditions

Historically, areas above Nacimiento and San Antonldamscomprised some of the best
steelhead troutspawning and rearing habitats in theSalinas Rivewvalley (MCWRA and SWRCB
2008) (Figure 4-1 and Figure 4-2). Roughly 286 miles ofhabitat (66%) in the upper basinsis no
longer accessible to adult steelheadue to the presence of Nacimiento and San Antonio Dams
(NMFS 2007) The following sectionsdescribe historical habitat conditions and trout
abundance, density, and distributions within the upper Nacimiento and San Aatio
watershedsbased largely on informationin Titus et al. 002), The Watershed Institute (2002),
and Becker and Reining (2008)More recent informationon habitat and fish populations inthe
upper basins islargely lacking.

4.1.1 Nacimiento Basin

Prior to construction of Nacimiento Damthe upper Nacimiento Riverprovided someof the
most important spawning and rearinghabitat for Salinas River steelheadTitus et al.in prep;
MCWRA 2008 (Figure 4-1). Surveys in the early 1900giocumented juvenileO. mykissn the
foothills and mountainous headwater regions of the basin (Snyder 191 Titus et al.in prep).
Snyder (1913) also observediumerous steelhead carcasses and noted that juvenifgoduction
was good in the upper portions of the river.

Surveyscompletedby USFSn September 1981along theupper Nacimiento River in the Los
Padres National Fores(Titus et al.in prep) observed intermittent stream flows and rainbow
trout concentratedin the remaining perennial pools.Densities based on visuahbundance
estimates,ranged from 20 to40 trout per 100 meters and fishaveragedbetween5 and 10
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centimeters (cm) in length (2.5 to20 cm range). The observed sizes suggested these fish were
young-of-the-year and that natural reproduction was occurring.

In 1992, CDFW @t that time the California Department of Fish andsamg surveyed5 miles of
the Nacimiento River upstream of the reservoir and reporteé rainbow trout density of 1,036
fish per mile, or roughly 64 fish per 100 meters,and characterized thehabitat quality as poor
with low trout density largely due to the lack of instream cover and shelte(Becker and Reining
2008). However,CDRV indicated that the areas upstream from the NacimienteFerguson Road
bridge showed much greaterproduction potential for wild trout ( Becker and Reining 2003.

A 2002 survey conducted by The Watershed Institute (Earth Systems Science and Policy
California State University Monterey Bay) foundainbow trout were abundant in the upper
Nacimiento River. A few of the larger pools contained approximately 40 youraf-the-year per
pool. Significant trout densities were observed in both reachestudied. Their densities were 38
and 33.4 troutper 100 meters. These estimatesvere similar to the USFSstimatesdescribed
above.Only two trout larger than 15 cm were observed irthe Nacimiento River and most were
less than 8 cm(The Watershed Institute 20(B).

Upstream in tributaries of the Nacimiento, listoric surveys noted severalupper basin
tributaries with relatively high trout abundance and high-quality habitat. Las Tablas Creek was
surveyed byCDRN in its entirety (approximately 40 kilometers) on March25,1966 (Becker
and Reining 2008)and was documented tacontain spawning gravels and rearing habitat
including pools andinstream cover (e.g., undercut banks)Overall, COFW rated the habitat
quality in Las Tablas Creelas highand no barriers or diversions wereobserved However, &
the time of the survey, he lower half ofLas Tablas Creekad beenpolluted with heavy metals
by Buena Vista Mining Companynines (Titus et al.in prep). CDRV also noted thatO. mykissn
Nacimiento Reservoir have been observed moving into Las Tabl@seek in the spring,
presumably to spawn (Becker and Reining 2008).

Surveys by CDW in 1992 in the Negro Fork Nacimiento Rivemdicated that trout density was
high relative to other streams surveyed in the basin (CDFG 19938 Becker and Reining 2008).
CDRW postulated that due to low summer flows pool habitats and riparian vegetation were
particularly important to maintaining resident trout populations.

Other tributaries to the Nacimiento River identified & potentially high production streams
include the following.

1 Dip Creek Identified by CDRV in 1969 as having spawning and rearing habitats (SWRCB
1969 in Becker and Reining 2008)

9 Stony Creek Identified by CDRV in 1969 as having spawning and rearing habitats (SWRCB
1969 in Becker and Reining 2008)

1 San Miguel Creek Identified by CDRV in 1979 as supporting rainbow trout (CDFG 197
Becker and Reining 2008)

The Nacimiento River above the reservoir has also been historically stocked witioth rainbow
and brown trout (Salmo trutta) since the 1960s (Titus et alin prep). Beginning in the early
1980s stocking was focused on the Arroyo Seccand Nacimiento Rivers Table4-1).
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Table4-1. HistoricRainbow Trout Stocking Effortsy CDFG anlflonterey Bay Salmon andTrout

Project
Date Agency | Stock of Origin Rearing Number | Release Location
Location | Released
1981 CDFG | Silverado - 17,095 Nacimiento River (Below
Hatchery (Napa) Dam)
1984 CDFG | Silverado - 16,145 Nacimiento River (Below
Hatchery (Napa) Dam)
March 1984 | MBSSP | Carmel River - 5,700 Arroyo Seco River
(Government Camp)
1985 CDFG | Silverado - 17,570 Nacimiento River (Below
Hatchery (Napa) Dam)
March 7, MBSSP | Russian River - 5,635 Arroyo Seco River
1985 (Government Camp)
1986 CDFG | Silverado - 18,550 Nacimiento River (Below
Hatchery (Napa) Dam)
March 18, MBSSP | San Lorenzo River| Big Creek | 12,500 Arroyo Seco River
1986 (Government Camp)
1987 CDFG | Silverado - 17,290 Nacimiento River (Below
Hatchery (Napa) Dam)
March 11, MBSSP | San Lorenzo Big Creek | 5,200 Arroyo Seco River
1987 (Government Camp)
1988 CDFG | Silverado - 12,520 Nacimiento River (Below
Hatchery (Napa) Dam)
March 9, MBSSP | San Lorenzo Big Creek | 4,500 Salinas Riverat Slide Gate
1988
1989 CDFG | Silverado - 16,050 Nacimiento River (Below
Hatchery (Napa) Dam)
1991 CDFG | Silverado - 8,600 Nacimiento River (Below
Hatchery (Napa) Dam)
March 22, MBSSP | San Lorenzo River| Big Creek | 7,425 Salinas River at Old Highway
1991 1
March MBSSP | San Lorenzo River| Big Creek | 7,920 Salinas River at Old Highway
26,1991 1
1992 CDFG | Silverado - 10,560 Nacimiento River (Below
Hatchery (Napa) Dam)
April 14, MBSSP | San Lorenzo River| Salinas 6,510 Salinas River/Lagoon at Twin
1992 Pond Bridges
April 17, MBSSP | San Lorenzo River| Salinas 3,580 Salinas River/Lagoon at Twin
1992 Pond Bridges
1993 CDFG | Silverado - 18,020 Nacimiento River (Below
Hatchery (Napa) Dam)
February 20, | MBSSP | San Lorenzo River| Salinas 8,028 Arroyo Seco
1993 Pond
1994 CDFG | Silverado - 11,500 Nacimiento River (Below
Hatchery (Napa) Dam)
March 15, MBSSP | San Lorenzo River| Salinas 4,080 Salinas River at Davis Road
1994 Pond
1995 MBSSP | San Lorenzo River| Big Creek | 6,175 Lower Salinas River
April 3, 1996 | MBSSP | San Lorenzo River| Big Creek | 3,980 Salinas River at Twin Bridges
Total 228,038 | Salinas Watershed
Source:The Watkrshed Institute 2003.
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4.1.2 San Antonio Basin

The San Antonio Rivebasinwas historically an important spawning and rearingareafor

Salinas River steelheadTitus et al.in prep; MCWRA 2008)Figure 4-1). Snyder (1913) found
juvenile O. mykissit two sampling stationsalongthe San AntonioRiver. They also noted that
fishing for juvenile O. mykissvas especially good in the upper reaches of the San Antonio River.
Rainbow trout were present in the upper San Antonio River when surveyed by CFduring

the mid-1930s. Spawning grounds were scattered in distribution, and the presence of migration
barriers was noted.

Prior to the construction of San Antonio Dam and impoundment of the river, CBFconducted a
detailed survey of a large portion of the San Antonio drainadeetween July and September
1965 (Titus et al.in prep). The survey identified the following areas of the basins dacking
suitable spawning and rearing habitats folO. mykiss

1 Mainstem San Antonio from the Salinas confluence to Merle Ranch
9 Jolon Creek
9 Mission Creek

M Coleman Creek

Bear Canyon Creek in the upper basin was found to contaapproximately 10 trout per 100
meters of stream significantly less than Nacimiento densitiesyith fish ranging from 2.5 to 12.5
cmin length (Titus et al.in prep). The mainstem San Antonio River upstream of Merle Ranch
contained roughly 82 trout per 100 meters Salispuedes Creek 13 trout per 100 meters, and the
North Fork San Antonio River 130 16 trout per 100 meters.Several small tributaries to the
North Fork were also reported to support small numbers of trout including Rattlesnake, Pinal,
Sycamore, Carrizoand an unnamed tributary.

A 1994 surveyperformed by CORPW concludedthat an 8.5mile stretch ofthe San Antonio Rivey
upstream of the reservoir, does not providea significant amount of summer and rearinchabitat
for medium (6712 inches)to large (> 12 inches)trout (Becker and Reining 2008)Gradientwas
considered steep in the headwaters decreasing to moderate in the lower areas. The average
stream width was 8.5 feet and ranged from 4o 110 feetwide. A flashboard dam located on the
Merle Ranch creatd a pool 100 feet long and 10 feet wide. The average depth of the stream
was 1.5 feet with a range of 0.® 9.0 feet. Flow was estimated at 1.0 cfs. Boulders, sdhd sand
dominated the upper and lower reaches, with gravel most abundant in the middle reach of the
study area. Overhead cover for troutvas rated as good in the upper reaches with complexity
coming from woody debris, boulders, undercut banksand overhanging vegetation. Cover for
fish is considered poor in the lower portions of the study area and consisted mainly of blders
and some overhanging vegetation. Water temperatures ranged from %6 74°F. The warmer
temperatures were measured in the lower reachew/here riparian cover was lacking. Numerous
barriers were present inthe lower reachesand thesebarriers were mostly cascades created by
boulder jams. Allwere definite summer barriers at the measured flowrate with many
considered winter barriers as well.The streamflowwas around 1.0 cfs, although significantly
more than measured in nearby drainagesrhe average stream depth was 1.5 fealthough
some pool units were over 8 feetleep. Although instream habitatappearedto be good in the
middle and upper portions of the stream spawning areasere most abundant in the middle
reach. Numerous barriers were also identified that prevented the movement of fish through the
stream to access andsethe available habitat. The low stream flows coulthave beenreducing
the rearing habitat to a level capable of supporting only a small number of adult fish.
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Stocking of rainbow trout has also occurred periodicallyn the San Antoniobasin; however, it is
unclear how often or the quantity of fishstocked.

Source:Becker and Reining2008)

Figure4-1. HistoricalStatusof O. mykissn the Salinas RiveBasin
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Figure4-2. Satus of O. mykisdgn the Salinas RiveBasinas of 2008

4.1.3 Summary

Historical accounts and data collectedbefore and after the construction of San Antonio and
Nacimiento Dams indicates thasuitable habitat for steelhead life history expression is limited
to headwater tributaries in the upper watersheds in the Santa Lucia Mountain$he mainstem
rivers above the damsare largely lacking highquality rearing habitat and high quality
spawning gravels arealso limited. Similarly, historic accouns and datasuggest that summer
temperatures and flow conditionsin mainstem portions of the upperrivers are not conducive
to rearing juvenile O. mykis&nd may impedeseasonal migrations of juveniles and adult8ased
on the historical data the following streams are most likely to support populations dD. mykiss

I Nacimiento Basin
0 Las Tablas Creek
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Old Negro Fork
Dip Creek
Stony Creek

Nacimiento River upstream of the Nacimientd~erguson Road Bridge

O O O O O

Nacimiento River within the Los Padres National Forest

1 San Antonio Rive upstream of Merle Ranch

4.2 CharacterizindJpper Basin OveSummer
Intrinsic Potential

The NMFSSouthwest Fisheries Science Center completed an evaluation of oxssemmmering
habitat for steelhead trout occupying the SoutfCentral/Southern California Coast recovery
domains (Boughton and Goslin 2006). Ovesummering habitat is largely considered to be key
limiting factor for California steelhead due to the arid Mediterranean climateSummers are
often very dry and hot, causing smaller streams to run dry until the winter and spring rainy
seasonBecause teelhead rear in freshwater between 1 and 3 years before migrating to the
ocean as smoltssummer freshwater habitat is a requirement for population success

Boughton and Goslin (2006) relied on GIS systems to employ an environmental envelope
method that predicts habitat occupancy based on known occurrences of steelhead in other
streams. This method relies on geomorphic, hydrologic, and climate parameters that are known
to control the broad-scale suitability of stream reaches under natural conditions. Spifically,

the 2006 analysis leveraged stream gradient, summer mean discharge, summer temperature,
valley width relative to mean discharge, and whether the redcoccurred in alluvial soils. Using
the envelope method and the described landscape features, NMFS ranked stream reaches as
having high or low potential of over-summering habitats for juvenile steelhead Figure 4-3).
Findings from the Boughton and Goslin (2006) analysis revealed that the upper Nacimiento and
San Antonio River basins contained high potential summer rearing habitat for juvenile
steelhead inhigh-up headwater streams. These streams are a substantial distance upstream
from the most upstream extent of the reservoirs.
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Figure4-3. Intrinsic Potential Ratingdor the Salinas Valley

4.3 Evaluation of Hydrologic Conditions

Hydrologic conditions in the upper Nacimiento and San Antonio Basins were evaluated by
analyzing existing hydrologic data recorded by the US@8&d examining stream typing
designaionsin OEA 53' 38 O ogiaghEDaiaskiNHD) WAEGS 2023)USGS maintains
two long-term stream gages in the upper basinOne gage is located near Bryson on the
Nacimiento Riverupstream of thereservoir. The other gage is located near Lockwood on the
San Antonio River upstream of the reservoirStream dischargedata collection on the
Nacimientoand San Antonio Riverdegan onOctober 1, 1988and December 14, 1986,
respectively, and both gages are still recording data

The USGS NHD datasista comprehensive hydrography dataset for the entire United States.
This spatial dataset includes rivers, streams, canals, lakes, ponds, reservoirs, coastlines, and
dams.The NHD dataset also provides an indication of stream types including ephemeral,
intermittent, and perennial designations.Ephemeral streamsare defined as streams or portions
of a streamthat flow briefly in direct response to precipitation in the immediate vicinity, and
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whose channel is at all times above the groundwater reservoir (Levick et al. 2008htermittent
streams are those that flow continuously only at certain times of the year, for example when
receiving water from a spring, groundwater sourceor surface source, such as melting snow
(seasonal)(Levick et al. 2008) At low flow there may be dry segmentslternating with flowing
segments. Perennial streams are those that flowear-round and are considered permanent
features, and for which baseflow is maintainedy groundwater discharge to the streambed due
to the groundwater elevation adjacent to the stream typically being higher than the elevation of
the streambed(Levick et al. 2008) Throughout the arid regions of North America many
perennial streams are separated by ephemeral or intermittent segments of flow due to variable
geology along the river. This is often referred to as interrupted or spatially intermignt (Levick
et al. 2008).The occurrence of intermittent or ephemeral reaches within perennial reaatscan
create migration barriers for adult and juvenile steelheadas well as strand resident adults or
rearing juveniles in disconnected stream reaches. This is most likely to occur during dry periods
when flows are low, precipitation is infrequent, and snowmelhasended.

Within the upper Nacimiento and San Antonio River basingearly 90% of streams within the
NHD dataset are classified as ephemeréfigure 4-4), meaning they flow only during
precipitation events or following snowmelt. Only5 miles of the entire stream networkin the
upper basinis classified as perennia(Figure 4-4). Perennial stream reachesare limited to a
short stretch of river upstream of Nacimiento Reservoir(Figure 4-5). Around 8.%% of the
stream network is classified as intermittent and likely onlysupports flowing water during the
spring and winter months when precipitation is more frequent, and the landscape is saturated
Accuracy of the NHD dataset has beeguantitatively evaluated. For example, Hafen et al. (2020)
examined how the accuracy of perennial and neperennial stream classificationsvas
influenced byclimate conditions on an annual basis and found that classifications varied
depending on precipitationand temperature anomalies specific to regions and year another
study Jaeger et al. (2020) evaluated field observations of flow permanenaed compared then
to NHD classifications. The study determinethe NHD dataset had a high rate of false pdisies
in which non-perennial streams were classified as perennial and a low rate of false negative
which perennial streams were classified as noperennial. These studieshighlight that there is
uncertainty associated with NHD classificationand the NHDmay not be fully representative of
on-the-ground conditions.

Flows recorded by USGS near Bryson and Lockwood, California reveal tiregan flows during
late spring, summer, fall, and early winter are oftezero, meaning the channel is dry and no
water is flowing into the reservoir (Figure 4-6). During the adult steelhead migration period
flows on the Nacimiento Riverexceedroughly 40 cfs 50% of the time but are more oftenless
than 2 cfs (75% exceedanceTable 4-2). On the San Antonio River mean daily flows exceed 25
cfs 50% of the time but are more commonly zeroAnnual peak flows in both basins have
declined since records began in the late 19809gure 4-7). Peak flows on the upper
Nacimiento Rive reached anall-time high in 1993, exceeding 50,000 cfs-lows peaked twice in
2021, reaching 10,000 and nearly 25,000 cfs. Flow magnitude in the upper San Antonio bagin i
lower than the Nacimiento, with the largest peak flows occurring in 1998 around 25,000 cfs
(Figure 4-7). Flow peaked twice on the San Antonio River in 202teaching nearly 2,500 and
6,000 cfs.

Flows on the upper Nacimiento River are generally low during the late spring, summer, and fall
with a high frequency ofzero flow days (Figure 4-6). During the winter and spring, flows are
more widely distributed but generally less than 500 cfs. The timing of lowr zero flow

conditions does coincide with portions ofadult and smolt migration periods. However, flows
appear tobe generally high enough during peak migration periods to support adult and smolt
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upstream and downstream movement, respectivelyHowever, given thatthe NacimientoRiver
monitoring gage is located at the lower end of the systenit is unclear howfar upstream
suitable flow conditions extend. The NHD dataset indicates thaterennial flow extends roughly
5 miles upstream from the uppermost extent of theNacimiento Reservoir(Figure 4-5).
Therefore, it is unclear whether adult steelhead could migrate from the reservoir tthe high
Intrinsic Potential (IP) streamslocatedin the headwater reaches of the basirfFigure 4-3). Even
during wet water years,the distribution of flows during the beginning(Decembel) and end
(March/April) of the adult migration period are low and could impede migration into the upper
basin.During wet water years flows during peak adult migration period (January to March)are
likely to facilitate movementof adult fish to the high IP streamsHowever, based on flows
during dry and normal water years alult migration may be impeded Similarly, downstream
migration of kelts mayalso beaffectedby low flows, particularly towards the end of the
downstream migration season(May/June) during low water years. Smolt downstream
migration from high IP streams may also baffectedby low-flow conditions along the mainstem
upper Nacimiento River, particularly during dry water yearsin May and early JuneSteelhead
smolts require less water to successfully migrate downstream than adults do to move
upstream; therefore, successful smolt migration may be possible under loweftow conditions.

The trends for the upper NacimientoRiver basinare also present in the upper San Antonio
River basinsuggesting thatadult, smolt, and kelt migration may be impeded as a result of
hydrologic conditions present in the basin

2,000 1826
1,800 1,723
1,600

400 241
135

5
0 . - 0 .

Ephemeral Intermittent Perennial

Nacimiento River Basin B San Antonio River Basin

Stream types are designated in the USGS National Hydrography Dataset.

Figure4-4. Total Miles of Stream Typedn both the San Antonio and Nacimiento RivBasins
Upstream of the Reservoirs
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Figure4-5. StreamType Designations the Upper Nacimiento and San Antonio RivBasin
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Figure4-6. MeanDaily Discharges Recorded Bryson along the Nacimiento River 198823and
at Lockwood along the San Antonio River 192623

Table4-2. ExtractedExceedance Probability Valuésr Nacimiento and San Antonio Riv&plitby
Adult Migration Months(NovemberMarch) andSmolt Migration Months(JanuargMay)

Annual Nacimiento 2 San Antonio®
Exceedance Smolt Migration Adult Migration Smolt Migration Adult Migration
Probability (%) Discharge (cfs) Discharge (cfs) Discharge (cfs) Discharge(cfs)
95 54 0 0 0
75 25.7 1.6 22 0
50 85.5 38.5 67.1 25
25 295 215 212 142
5 1873 1604 1031 887
0.5 6,738 6,524 3454 3,347
aCalculated using data from the USGS gage (11148900) near Bryson, CA Bam2D23.
b Calculated using data from the USGS gage (11149900) near Lockwood, CA from 1986 to 2023.
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Figure4-7. AnnualPeak Flows Calculatday USGS on the Nacimiento River near Bryson, California
and on the San Antonio River near Lockwood, California
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4.4  Evaluation of Passage Impediments

For steelheadpassage at Nacimiento and San Antonio Damsr&sult in population
improvements, adult steelhead must be able to reach spawning habitats in tistreams
upstream of dams and reservoirsTo evaluate access to higlquality habitat in the upper basin,
natural and artificial passage impediments werassessedLiDARand topographic data were
used to identify areas within the mainstem Nacimiento and San Antonio Rivers that may
preclude access to upper basin tributarieslue to exceptionallysteep gradientsor other natural
barriers (i.e., waterfalls). Artificial barrier s identified by COFW were mapped based on degree
of passage (e.g., impassable, partialhassable).Artificial barriers include hydroelectric dams,
water storage projects, irrigation diversions, water withdrawals, andmproperly fitted or
functioning road culverts.

Adult Salinas Riversteelheadcomplete their upstream migration during the winter and spring
periods when flows are typicallyhigh, and barriers may notposesignificant passage risk
relative to low-flow periods. Studies have evaluatedvhat constitutes a passage barrier by
examiningthe ability of steelhead and other salmonids to jump or leapver instream
obstructions. A study by Reiser and Peacock (1985) computed maximum jumping heights of
adult steelhead of 3.4 meterdased on darting speed$Bjornn and Reiser 1991).Typically,
passage criteria over obstacles for aduld. mykissequires a 1:1.25 height to pool depth ratio
based on jumping ability and associated stream hydraulicshile other studies suggest an
outfall drop to pool depth ratio of 1:1as @nducive to leaping(Weigel et al. 2013; Pearson et al.
2005).

The following sections describepotential topographic and known artificial and natural barriers
in the upper watersheds and how they mayaffectthe extent of anadromy shouldpassage
facilities be added to the dams.

4.4.1 Topographic Impediments

Topographic conditions are often used to estimate the upper extent of anadromy. For example,
CDFW determined via literature review that a sustained slope o8 precludes anadromy
(CDR51998). Additionally, based on literature reviews of stream gradient and upstream habitat
limits of steelhead, R2 Resource Consultants (2007) reported thatsaistainedslope of
approximately 12% over 330 feetwould likely limit upstream passage of steelhead (and coho
salmon) in Northern California coastal streamsLindley et al (2006) also identifies 12% as the
upper end for steelhead gitability. This criterion corresponds to the limiting value used to
define intrinsic habitat potential for steelhead inNorthern California streams by NMFS

(Agrawal et al. 2005 in R2 Resource Consultants 2007). In Oregon, the Department of Forestry
characterizes natural falls and chutes greater than 8 feet high as barriers to salmon and
steelhead. Natural falls or chutes less tha® feet may act as a barrier if therés insufficient pool
depth below the falls (<1.25 times deeper than the jump height). Furthermore, O@Bnsiders
reaches with gradients greater than 206 for more than 30 feet to be barries to upstream

salmon and steelhead migration. Similarlythe WashingtonDepartment of Fish and Wildlife
considers a 1246 slope for more than 525 feet to be a gradient barrieBased on these criteria,
stream gradients were evaluatedising a 18meter digital elevation modelfrom USGSo identify
areas that may preclude anadromy3ream gradients were grouged into the following bins: <

8%, &12%, and >12%.

Nearly 60% of the stream networkin the upper Nacimiento River basinwas classified ashaving
gradients greater than 86 (Table 4-3). Furthermore, 45% of the stream network was classified
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with gradients greater than 124. These areagepresent possible passagenpediments to
upstream migrating adult steelhead. Numerous reachesf the mainstem Nacimiento River were
categorizedwith slopes greater than12% (Figure 4-8), although futher field surveys wouldbe
necessarythese results These areas are downstream of theub watershedsidentified by NMFS
ashaving high intrinsic potential for juvenile steelhead over summer rearing habitatd-ield
verification of these areas is needed to confirm that passage may be impeded.

Stream gradients along themajority of the mainstem San Antonio River wre less than 86 and
therefore unlikely to present upstream migration impedimentsto adult steelhead Additionally,
tributaries in the far northern reaches of the upper San Antonio also appear to accessible based
on stream gradient estimates (Figure 4-8). Gradients in the uppermost reaches of the mainstem
San AntonioRiver are estimated to be greater than 1% and may be difficult for adult steelhead
to reach. These areas likely containigher-quality habitats relative to downstream reaches.

Findings from Boughton and Goslin (2006) suggest that streams with a high potential for
containing over-summer rearing habitat for juvenile O. mykissre located in the far northern
reaches of each subbasirHigure 4-3) where much of the stream network is estimated to have
slopes that exceed®% representing potential passage impediments.

Table4-3. Total Miles of Stream within Slope Categories in the Upper Nacimiento and San Antonio
Basins. Percentages are Included in Parentheses.

Miles of Stream
Basin 0c8% 8c12% >12% Total
Nacimiento 824 (41%) 293(15%) 906 (45%) 2,024
San Antonio 1,002.94 (51%) 253.56 (13%) | 724.91 (37%) 1,981
Total 1,827 547 1,631 4,006
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Data was provided by the California LiDAR Status database

Figure4-8. Sream Slopeof the Upper Nacimiento and San Antonio RivBasin
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D Study Area

Streams, Percent Slope

Fish Passage Barriers Source:
California Fish Passage Assessment
Database, CDFW 2023

Elevation Source: 10m NED DEM,
USGS 2013

Figure4-9. Locations ofPotential Gradient Barrierén the Upper Mainstem Nacimiento River
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4.4.2 Artificial and NaturalBarriers

Artificial passage barriers were mapped using data fror# A1 E APa3dade Ads€ssment
Databasewhich contains amap-basedinventory of known and potential barriers to
anadromous fish throughout California(CalFish 2024) Artificial and natural barriers in the
upper Nacimiento and San Antoniavatersheds were mappedbased on passage statug-igure
4-8). There are 13mpassalde, or total, barriers in both watershedsnot including Nacimiento
and San Antonio DamsTotal barriers are those that are deemedompletely impassableby
anadromous fish.

44.2.1 Nacimiento Basin

Within the upper Nacimiento Rivertotal passage barriers exist orstony, Las Tablas, El Piojo,

Aqua Frig Salmon, and Sycamore Creek3dble 4-4). Intrinsic potential modeling and historical

accounts from CDFWsuggestthat Las Tablas Creeknd Stony Creekcontain high rearing and

spawning habitat potential. The total barrier to anadromous fish on Stony Creeis a27-foot

dami AAO OEA AOAARAESO AT 1 &£ OAT AA .Basddin IDmolelingAET OOAI|
(Boughton and Goslin 2006) and CDFW historical surveys, it is likely that suitable habitat exists
upstream of the dam althoughthe extentis unclear. Based on aerial imageryyery little riparian

vegetation exists along the creek suggesting that water temperatures during the dry season

may be limiting O. mykissearing potential.

A 37-foot dam without afish passagestructure also exists on Las Tablas Creapproximately 1
mile upstream from the Franklin/Las Tablas Creek arm of Nacimiento Reservoifhe upper
tributaries of Las Tablas Creek were ranked as high IP streams by Boughton and Goslin (2006)
however, these areas would be inaccessible to migrating adult steelhead due to the presence of
the dam.Surveys by CDFW in 1966 identified higiguality spawning and rearing habitat in the
upper portions of the creekabove the current bcation of the dam but alsoindicated that flows

in the summer were intermittent and contributed to resident trout summer mortality (Titus et
al.in prep).

A natural bedrock barrier was identified onthe Negro Fork Nacimiento Riveand its barrier
status is considered unknown. Withoufield verification it is unclear if this barrier is passable
under certain conditions. Bedrock chutes often act as barriensnder high-flow conditions due
to the velocity of water running through the chute. It is possible that tb bedrock barrier
identified on the Negro Fork Nacimiento Riveis passable during lowerflow conditions and
impassable at high flows when velocities magxceed the swimming ability of steelhead.

A nearly 100-foot natural waterfall was identified in 2002 on Salmon Creek approximately

i ETA ODPDOOOAAI &EOTiI OEA AOAAEGS O(Tdled-4ahdbfireA A x EOE C
4-8). No historical data existon trout abundance or habitat quality orquantity for Salmon

Creek However, based on aerial imagenand proximity to the Los Padres National Foresthe

riparian areas along Salmon Creelippear tobe intact for the extent of stream below the

waterfall barrier as well as upstream of the barrierintact riparian areassuggestthat important

ecological processes such as large wood recruitment afienctioning, indicative of high-quality

rearing habitat potential. Aerial imagery alsoindicates that the streambelow the waterfall

barrier is dominated by large boulder substratesndicative of poor spawning conditions

however, field surveys would be required to confirmhabitat conditions.

Dams also exist orfBycamore El Piojo, and Agua Fria Creeks on theast side of theupper
Nacimiento Riverbasin. However, none of these three streams were identified as high IP
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streams by Boughton and Goslin (2006 Additionally, surveys have not been completed on
these streams to assess habitat conditions or trout production.

44272 San Antonio Basin

Within the upper San Antoniobasin five artificial dams are identified inthe Passage Assessment
Databaseas total barriers to anadromous fish passagéCalFish 2024) One natural waterfall and
one unassessed dam were also identified.

A 25-foot-high earthen dam is locatedbn Coleman Canyon Creeorming Coleman Reservoir

(Table 4-4). Coleman Canyon Creek is a tributary to Mission Cregkventually flowing into the

San Antonio River: EOAT #11 Al AT #AT UT1 #OAAESGO 11 AAQOEI T EE
approximately 6.5 miles from the mainstenupper San Antonio River it is unlikely that suitable

rearing or spawning habitat exists above the dam.

Milpitas Reservoir is located on an unnamed tributary to the San Antonio Rivéigh in the
watershed (Figure 4-8). Milpitas Reservoir is owred by the U.S. Army and is located dfort
Hunter Liggett Army Base Aerial imagery suggests aefined stream channelexists upstream of
the reservoir; however, it is relatively small and lacks riparian vegetationField investigations
would be necessary to fully assess habitat conditions above Milpitas Reservoir.

A 30-foot earthen damthat forms Oat Hill Reservoir on Ruby Canyon Creék owned byFort
Hunter Liggett Army Base and is located approximately miles upstream from theRuby
CanyonCreekSan Antonio Riverconfluence(Figure 4-8). Aerial imagery depicts a poorly
formed stream channel below the reservoiand IP modeling indicates low potential for over-
summer rearing habitat in Ruby Canyon Creek.

A 20-foot earthen dam on Sulphur Spring Canyon is owned by Fort Hunter Liggé&trmy Base
and isapproximately 2.5 miles upstream from the San Antonio River confluenc&igure 4-8).
Aerial imagery depicts a poorly formedand exposed channelipstream and downstream of the
reservoir.

A natural waterfall exists on Piral Creek in the headwater reaches of theorth Fork San
Antonio River (Figure 4-8). The North Fork San Antonio River ipart of the headwater areas of
the upper San Antonio River basin rated akigh IP for oversummer rearing habitat for
steelhead. The areas upstream of Pinal Cre&lIs have a high likelihood of containing suitable
rearing habitat for O. mykissWhile the Passage Assessment Database does not include
information on the height of the waterfallit is ranked as a total barrier to upstream migration
and therefore likely exceedghe jumping ability of steelhead.Aside from Pinal Creek fallsthere
are no documented artificial or naturally occurring barriers that would prevent adults or
juveniles from accessing theippermost reaches of the mainstem San Antonio or North Fokan
Antonio Rivers.

Nacimiento and San Antonio Dams Steelhead Passage
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Table4-4. Natural and Artificial Barriersdentified in the Upper Nacimiento and San Antonio River Basins

Barrier Surve Blocked
Basin| ID | Stream Name Tributary To Site Name Type y Owner Stream
Status Date .
Miles
1 | Negro Fork Nacimiento River | Bedrock barrier Unknown Unknown 2002 | N/A 22.38
10 | Salmon Creek Nacimiento River | End of anadromy |mnnQ KA 3K Total 2002 | N/A 56.94
12 | Sycamore Creek | El Piojo Creek Sycamore HCcQ 5IY Total Unknown | U.S. Army
Reservoir 4.05
o . Lower Stoney Fort Hunter
o
% 6 | Stony Creek Nacimiento River Valley Dam Total 2002 Liggett 71.30
= - : _ Security Pacific
-g 13 | Las Tablas Creek| Nacimiento River | Las TablasCreek |oT Q 51 Y Total 2002 National Bank 202.66
z - . ) - Fort Hunter
11 | El Piojo Creek Nacimiento River | El Piojo Dam Total 2002 Liggett 14.35
9 | Agua Fria Creek | Nacimiento River | Hughes Reservoir | Dam Total 2002 F_ort Hunter
Liggett 6.85
17 | unnamed Nacimiento River | Hwy 101 Xing Illi;:c)l;p Q@ RALYS Unknown 1905 | CDOT 0
2 | San Antonio Rivel Salinas River Flashboard Dam Dam Unassesseq Unknown | USFS 120.26
3 | Pinal Creek North _Forl_< San Pinal Creek Falls | Natural waterfall Total 2008 | Unknown
o Antonio River 20.48
c
g 5 | Coleman Canyon| Mission Creek Coleman Reservoif Hp Q KA I K 91| Total 1999 | U.S. Army 38.69
E 4 | unnamed San Antonio Riven Milpitas Reservoir |H 1 Q KA I K 91| Total 1999 | U.S. Army 13.43
©
n 8 | Ruby Canyon San Antonio Riverl Oat Hill Reservoir [o n Q 9 I NIi K Total 2002 Eort Hunter
Liggett 2.40
Sulphur Spring I . _ Fort Hunter
7 Canyon San Antonio Riverl Engineer HNQ 51IY Total 2002 Liggett 36.60
Barrier locations can be referenced on Figurd-8 using the ID column.
Nacimiento and San Antonio Dams Steelhead Passage December2024
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4.5 Water Quality Conditions

300AAI OAiI PAOAOOOA AEOAAOI U ET £ OAT AAOG ANOAOGEA 1
history behaviors andas well asaspects of important habitat processes for fish and aquatic

species such as nutrient cycling and productivity (Allen 1996 Stream temperature is a function

of multiple factors that can be expressed in terms of laeat budget In general, sources of heat

input include direct solar radiation and convection. Heat is lost through longvave radiation,

conduction, and evaporation. However, of all these factors, direct solar radiation is the primary

contributor to increases in daily maximum stream temperature (Brown and Krygier 1970

Johnson 2004.

Water temperature also affectdDOsolubility, declining with increasing water temperature. Low
DOcan raise stress levels and ultimately result in mortalityf fish and other aquatic species if
exposure is prolonged. Temperature also governs many biochemical and physiological
processes in coldblooded aquatic organisms. For example, increased water temperature
generally increases metabolic rates throughout the food chain, resulting in higher s of food
consumption for both salmonids and any predators ofalmonids.

Water temperatures are affected by meteorological conditions, shade, the temperature of
tributaries, hyporheic flow, and groundwater sources. Heavily shaded reaches or those with
significant groundwater and, to a lesser extent, hyporheic inputs, are norniglcooler than
those without these elements. Shade may come from vegetation or topography, with midday
shading being most beneficial at limiting input from solar radiation. When topographic or
vegetative shading is substantial, river orientation can affeche length of time in a day when
the channel is exposed to solar radiatiomAn eastwest orientation can reduce exposure
compared to a north-south orientation of a channel that is otherwise similar in size and
condition. Additionally, higher discharge results in higher water velocity, decreasing the time
water resides within the channel If water is generally warming and approaching equilibrium
values as it is moving downstream, higher velocities mean that equilibrium temperatures will
be reached farther dwnstream compared to lower velocities.

Salmonids tolerate a range of temperatures (USEPA 200and thresholds are species and life
stage specificAssummarizedin McCullough et al. (2001) water temperatures around 10°C are
ideal for steelhead eggncubation and hatching and optimal water temperatures are between

11 and 12°C. Some studies found an effect on alevin size at warmer temperatures with a
significant reduction in size as water temperatures approactd 15°C.

Much of the literature reviewed in McCullough et al. (2001)eported juvenile steelhead
preferred water temperatures as a daily average of at or below 14.0°T4dble 4-5). Hahn (1977),
as cited in McCullough et al. (2001 )eported steelhead fry and older juveniles seemed to do
well when temperatures fluctuated between 8 and 19°C with a mean of 13.5%kearing

juveniles are more resilient to high water temperatures and can survive unsuitable and often
extreme conditions for short periods of time. However, survival is lowewhen temperatures
exceed20°C because most or all energy is used for metabolic maintenanéemperatures that
have been reported in the literature as impairing smoltification range from approximately 12a
15°C or more (McCullough et al. 2001 Steelhead appear to be most sensitive during this stage,
as opposed to their greater resistance to high temperatures during other juvenile stagésg.,

parr).
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Water quality data in theupper Nacimiento and San Antonio River basins is limitedHowever,
USG3ascollected instantaneous temperature samples in each basinom the 1960s through
the 2010s. These datalemonstrate that water temperatures consistentlyexceed thermal
thresholds for steelhead trout throughout the year Figure 4-10). In the Nacimientobasin, USGS
has measured water temperatures opportunisticallyon the upper Nacimiento River below
Sapaque Creek neaBryson, California There is a pool at thegage location that receives a small
amount of return flow from the channeland remainsrelatively cool even when disconnected
from surface flowmaking it one of the cooler lowflow areas in that section of river(Demers
pers.comm). SinceUSGS began collecting water temperatureg SapaqueCreek temperatures
in the winter have been historically cool generally less tharl5°C. Temperatures in the spring
are much more variable ranging fromess than 10Cto nearly 30°Cin some yearsSummer
temperatures were greater than 20°C inall U A Asadples were collected Fall temperatures
were between 10 and 20°C.

Water temperatures in the San Antonidasinwere generally higherthan in the Nacimiento
basin (Figure 4-10). Conditions in the winter ranged from5°C toapproximately 16°C. Spring
temperatures were much more variableranging from 11°C to nearly 30C. Summer
temperature conditions were generally high exceeding 20C in all but2 years. Fall
temperatures were typically below 18C.

Instantaneous temperature readings are snapshots and do nhtlly represent thevariability in
diel temperature fluctuations. However,these provide some insight into how thermal
conditions in the upper basins mayaffect steelheadlife history expression Table 4-5 includes
temperature thresholds for steelhead troutbased on relevant literature. When comparing
instantaneous temperaturereadings to the thermal criteria present inTable 4-5 water
temperatures recorded on the mainstem San Antonio and NacimientRiversare often much
higher thanthe preferred ranges for steelheadFor example adult steelhead migrate upstream
during the winter months to the upper Salinasbasinand tributaries such as the Nacimiento and
San Antonio RivergTable1-1). Given that theseivers are locatedroughly 100 miles upstream
from the Salinas River lagoon it is likely that adults would be migrating ufhe Nacimiento and
San Antonio Rivers later in the migration window, during February and Matt Depending on
water year designations (dry, normal, or wet)conditions upstream of the reservoirs may
exceed adult migration and prespawning holding preferences.In some years, water
temperatures exceeded 20Cin both basins,which could cause adults to avoiar delay
migrating until temperatures become suitabk. In extreme cases when water temperatures
exceed 24C mortality could occur.Similarly, steelhead smolts are more sensitive to high
temperatures than rearing juveniles (parr)and have been observedlelaying migration when
temperatures exceed 14C Temperatures inthe spring have frequently exceeded 1%Cin both
basins and couldcause smolts to delaylownstream migrations.

Rearing juvenile steelhead are muchmore resilient to high water temperatures compared to
smolts, mainly because they are naindergoing physiological changes in anticipation of entry
to the oceanHowever, temperaturesgreater than 19Care poor for rearing juvenile steelhead.
Temperatures greater than 22C have been shown to result in stress and diseg<24°C is
considered lethal to juvenilesBecause temperature conditions in the lower rivers near the
head of the reservoirs frequently excee@0°C in the spring and summer these areas are
unlikely to support rearing juvenile steelheadthrough the summer months.

Historical and future temperature conditions were also examined from the NorweST
temperature databaseto further characterize conditions in the upper basins. The NorWweST
database is a useful todlor evaluating water temperatures in areas withouta robust
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temperature monitoring network. Modeled mean August water temperatures from the
NorWeST databasevere used to characterize expected temperature conditionthroughout the
upper Nacimiento and San Antonio RiversHigure 4-11). Modeled meanhistorical August water
temperatures (1993z2011) in coastal Californiaare basedon actual water temperature
measurements stream slope, and northing coordinatesMean August modeled temperature
conditions suggest that cool water conducive to rearing juveniles concentrated in headwater
reachesof both basins(Figure 4-11). More than 50 and 60% of the modeled historical August
stream temperaturesin the upper Nacimiento and San Antonibasins respectively,are greater
than 17°C, which is generally considered suboptimal for most steelhead lifestag€gable 4-5).

Furthermore, projections of temperature conditions in 2040 are expected to increase as a result
of changing climate patternsin the Nacimientobasin, mean August temperatures are projected
to exceed 17Cin all streams and more than/0% of streams are projected toexceed 20C
(Table4-7). Similarly, in the San Antonidbasin, thenearly 80% of streams are expected to
exceed 20Chy 2040.Less than 86 are projected to remain below18°C.By 2040, based on
NorWeSTtemperature modeling, conditions withinthe mainstem rivers and mainstem

tributaries may become too hot to support rearing juvenileD. mykissTemperature projections
suggest thatsuitable habitat may be limited to headwater reaches both basinsin the next 15

to 20 years.

Table4-5. TemperatureThresholdgor Steelhead Trout

Life stage Categories Criteria Period
Preference Spo8m
Adult Migration | Suboptimal €Epo8mnm QO Sptr8T
& Pre-spawn Avoidance Ept8nm QO S¢p8T DecembegMarch
Holding Delay E¢p8m O Scgi18m
Lethal >24.0
Preference Spg8Tm
Spawning Suboptimal Epc8nm QO Scp8T Marchz April
Lethal >21.0
Preference Spg8Tm
Egg Incubation | Suboptimal €Epc8m QO Spud8Tm DecembegMay

Stress/Disease| >15.0

Preference Spt8n | AAEI U AOAOACA
Suboptimal €Ept18n QO Spws8n j AAEI U

?:I\?;rr?ileg Rearing Avoidance Epw8mnm QO S¢¢8Tm Yearround
Stress/Disease| €E¢ ¢ 81 Q Sc18T
Lethal >24.0
Smolt Preference Spt1 8T JanuargMay
Outmigration Delay >14.0

Sources: Based on McCullough et al. 2001; Carter 2005; Richter and Kolmes 2005.
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Figure4-10. InstantaneousVater Temperatures in the Nacimiento and San Antonio Rivers
Measurednearthe UpstreamExtent of the Reservoirs
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Figure4-11. Modeled Mean AugustStream Temperature$°C) 1993;2011
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Figure4-12. ProjectedMean August Temperature§C) in 2040
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Table4-6. Total Stream Miles oModeled Mean August Stream Temperature&3) from 1998
2011in the Nacimiento and San Antonio River Basins

Historic August Mean Stream Miles
Temperatures (°C) Nacimiento Basin San Antonio Basin
<15 37.4(8%) 30.0(6%)
15716 69.9 (15%) 56.8(12%)
16717 88.9(19%) 79.0(16%)
> 17 235.3 (50%) 300.2 (61%)
No Data 41.4(9%) 26.2 (5%)

Source:lsaaket al. (2013)

Table4-7. Total Stream Miles oProjected Mean August Temperature®d) in 2040n the
Nacimiento and San Antonio River Basins

2040 August Mean Temperature Stream Miles
Projections (°C) Nacimiento Basin San Antonio Basin

17718 30.4 (6%) 25.7 (5%)
18719 41.7 (9%) 25.8 (5%)
19720 55.5 (12%) 50.2 (10%)
20721 99.4(21%) 107.9 (22%)
21222 154.5 (33%) 256.5 (52%)
22723 91.4(19%) 26.1 (5%)

Source: Isaak et al. (2013)

4.6 Current Habitat Conditions

Habitat conditions were also evaluatedn a subset of high intrinsic potential streams deemed to
be accessiblevia the passage impediments analysis. The purpose of tlaffort was to

supplement the previously described desktop analysis with actual data collected on the ground
in the basins.Surveys were designed to allow crews to coveaxs many streams as possibleith

the focus on assessingearing habitat potential and passage conditions. Rearing surveys were
focused along streams identified by Boughton and Goslin (2006) as high intrinsic potential
streams. Surveys were also conducted along the mainstem Nacimiefover in areas where the
slope analysis identifiedstream gradients exceeded steelhead passage criteridz(12%).

4.6.1 Methods

4.6.1.1 Habitat Surveys

Information on habitat quality, habitat quantity, andO. mykis@bundance and distribution n
the upper Nacimiento and San Antonio basins is extremely limited:he data that does exist is
severely outdated making it difficult to assess current conditions in the basinsTo fill this data
gapfield surveys were completed to documenhabitat conditions in selected streams in both
upper watersheds.This effort focused on mappingconnectedsurface flow and documenting
water temperature conditions. Sampling reaches were identified using the compiled
information analyzed inthe preceding sections. Specificallyntrinsic potential ratings from
Boughton and Gosli(2006) were used as a starting point for randomly selectingurvey
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locations in each basin. GIS software was used to randomly select locations within each basin
along high intrinsic potential streamsto complete field surveys Oncesurvey siteswere
identified, access to eacllbcation was evaluated and sites deemedaccessiblewere removed
from the survey sample.

At each survey location field crews mappednd measured the linear distance afurface water
connectivity, recorded water depths along the channehalweg, andperiodically recorded
water temperatures within eachreach of connected surface water flow. This wasompleted 1
mile upstream of each randomly selected site locatiolGPS locations were recordetbr each
connected section of waterAny observations of fishwere also recordedand to the extent
possiblespecies and sizewere recorded.

4.6.1.2 Fish Passage Surveys

Following the slope analysis described ifsection4.4.1, Topographic Impedimentamultiple
reaches in themainstem Nacimiento River proximate to the reservoir werddentified as
possibly impeding adult upstream movement due to stream gradients greater than %2
Because this represents a significant passage impediment ahds implications foraccessing
habitat upstream it was deemed necessary to evaluate theaeeas to determine ifchannel
conditions do in fact preclude passagé& hese areas were identified using GIS software and
crews used this information to navigate to those locations in the fiel@Dnce in the field fish
biologists evaluated stream gradients using clinometerand identified any naturally occurring
barriers such as waterfals. These areas were marked using GPS, gradients were recordaad
detailed photos were takenSurface water connectivity was also recorded along with water
temperature if water was present.

4.6.1.3 Species Composition

Species composition was evaluated by samplirepvironmental DNA(eDNA)in strategic

locations throughout the upper watershed. In total 14 eDNA samples were collectagsing

single use kits from Jonah Ventures (Boulder, Coloradpyvhich employ a 60milliliter (mL)

syringe, a5-micrometer ZE1 OAO AEOA Al 1 OAET AA xEOEET A DI AOOE
for stabilization of DNA during transport to the laboratory. The volume of collected samples

ranged from 90 to 240mL (average = 142.14mL), as sites vith higher turbidity resulted in

more rapid clogging of the filter disc. Following extraction of DNA in the laboratory, analysis of

collected samples was performed using the MiFish primers, which target the 12S region of the
mitochondrial genome and whichare known to provide good taxonomic resolution for fish

species.

4.6.2 Results
4.6.2.1 Habitat Surveys

Sixteen stream reaches were surveyed fdD. mykissearing and spawning habitats in
September 2023(Table 4-8). The following sections describe the conditions at the time of the
surveys at each surveyed reach.
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Table4-8. Rearing Habitat Survey Locations in Upper Nacimiento and San Antonio Basins

Basin Stream Site Name Length Surveyed

(m)

Nacimiento River #1 1,866

Salmon Creek #2 1,201

Town Creek #3 1,191
Nacimiento Las Tablas Creek #4 797
Franklin Creek #5 893

San Miguel Creek #6 1,263
Los Burros Creek #16 221

San Antonio River #7 1,327
Pinalito Creek #8 963
Forest Creek #9 852
San Antonio River #10 674

San Antonio Mission Creek #11 1,774
NF San Antonio River #12 776
Pinal Creek #13 774
Rattlesnake Creek #14 832

Santa Lucia Creek #15 1,166
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Figure4-13. Locations of Habitat Surveys in the Upper Nacimiento and San Antonio Basins
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