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Abstract

In 2008, the U.S. Fish and Wildlife Service (Seeyiovorking cooperatively with The U.S.
Bureau of Reclamation (Reclamation), modified tlide@an National Fish Hatchery (NFH)
barrier weir and constructed a new fish laddeBatile Creek at the Coleman NFH. The
primary objective was to improve fish passage mamant capability at that site including
providing for rapid fish passage into habitats thgitbe newly available or improved by the
Battle Creek Salmon and Steelhead Restoration &rofgverall, the modified barrier weir and
newly constructed fish ladders at the Coleman NR#isthe capabilities to support improved
fish passage management for Battle Creek. Chisabkon quickly located the entrance and
ascended the fish ladder at the Coleman NFH Bawer. We believe that fish ladders are
achieving the desired fish passage goals. We foorelidence to suggest that the Barrier Weir
or fish ladders were causing injury to fish entgrihe Coleman NFH. Five fishes were observed
escaping past the Coleman NFH barrier weir; foaapsd over the overshot gate and one
escaped over the main (i.e., lipped) portion oftthgier weir. The fishes migrating past the
overshot gate likely included rainbow trout, stegith, and Chinook salmon. The single fish that
escaped past the main portion of the weir wasylikalainbow trout or steelhead. The main
lipped section of the weir was successful at blogkChinook salmon from migrating upstream.
However, the overshot gate failed to meet the ddgjoal of completely blocking salmon from
migrating over the weir. The low number of succelsgimp attempts suggest a high degree of
effectiveness at blocking upstream passage of eatairigin fall Chinook, which is a primary
concern because of their potential effects on ESt#&d spring Chinook. The barrier weir was
less effective at blocking steelhead/rainbow trdeish that migrated over sections of the weir
did so at flows as low as 203 CFS, well below tbsigh target of 800 CFS. Remedial action to
improve the design of the overshot gate is necg$sareclude all fall Chinook salmon from
habitat in Battle Creek above the Coleman NFH.



Introduction

In 2008, the U.S. Fish and Wildlife Service (Seeyjavorking cooperatively with The U.S.
Bureau of Reclamation (Reclamation), modified tlide@an National Fish Hatchery (NFH)
barrier weir and constructed a new fish laddeBatile Creek at the Coleman NFH. The
primary objective is to support the restoratiormoddromous salmon in Battle Creek by
enhancing fish passage management capabilityificgeased blockage or increased passage
capability) at that site. This report details moring conducted to assess effectiveness of the
barrier weir at blocking salmon and the effectiv@nef the fish ladders of attracting and passing
salmon.

Monitoring of the Coleman NFH barrier weir and fisklder was conducted during the 2008-
2009 and 2009-2010 spawning seasons to assessewttettfacility met the objectives of
enhancing fish passage management capability asitean Battle Creek. Four specific
guestions were investigated, as identified in thgiral proposal, to evaluate the effectiveness of
the facility:

1) Are migrating anadromous salmonids effectivebating the entrance of the
modified fish ladder?

2) Do fish effectively ascend the modified fishdad?

3) Are migrating anadromous salmonids sustaimijgries or mortality as a result of the
modifications to the weir?

4) Can migrating anadromous salmonids circumvaabgrrier weir at times when the
fish ladder is closed?

Background

The Coleman NFH is located on Battle Creek, 11 srsleutheast of Anderson, California and

5.8 miles upstream from the Sacramento River. |@&tteek forms the boundary between Shasta
and Tehama counties in north central CaliforniattlB Creek flows into the Sacramento River

at river mile 272, approximately 20 miles southedghe city of Redding. Coleman NFH was
built in 1942 as part of a program to mitigatettoe construction and operation of Shasta Dam.
Fish production programs at the Coleman NFH, onte@hation’s largest fish hatcheries,
support economically and socially important comna@nd recreational salmon fisheries in the
Pacific Ocean and the Sacramento River.

A permanent barrier weir has been in place at thler@an NFH since 1950 to assist in the
congregation and collection of salmon and steelleaddstock. Congregation and collection of

broodstock at the Coleman NFH, including fall aagkifall Chinook and steelhead, occurs from
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September through February. At times when broattsioe not being congregated and
collected, a fish ladder at the Coleman NFH bawwieir is managed to afford passage to upper
Battle Creek. During recent years, salmonids lmeeen allowed to ascend Battle Creek
upstream of the barrier weir from March throughyJurhe fish ladder is currently closed during
the month of August to exclude fall Chinook frone tippper portions of the watershed where
they could negatively impact ESA-listed (threatgrsgating Chinook salmon.

Prior to modification, the Coleman NFH barrier weiis effective at meeting the hatchery’s
needs for congregating broodstock; however, the edinot completely block salmonids from
ascending Battle Creek upstream of the Coleman NBfparticular concern was blocking the
migration of fall Chinook, which return to Battled€gk in large numbers and have the potential
to interbreed with or destroy redds of ESA-listpdrsg Chinook, one of the priority species of a
large-scale habitat restoration project (BattleeBr8almon and Steelhead Restoration Project)
being implemented in the upper watershed. Whilstrfadl Chinook salmon adults were
confined below the barrier weir, past observatidasonstrated some salmon were able to jump
past the weir, particularly as creek flows increbabove 350 cfs.

In 1999, the Service, working with a subcommittéthe Battle Creek Working Group, secured
initial funding from CALFED to modify the Coleman NFH barrier weir to contiish

migration and construct a new fish ladder that \wauket the standards of fish ladders
associated with the Battle Creek Salmon and StadIRestoration Project. Design details were
developed and refined by project technical teangs the next several years, and construction
activities associated with the Coleman NFH basneir and fish ladder improvement project
were completed in 2008. Modifications to the CakenNFH barrier weir are intended to block
fish passage at flows up to 800 cubic feet perrs#€ofs). The new fish ladder is intended to
efficiently attract and pass salmonids upstreartt) design criteria equivalent to those designed
for the Battle Creek Salmon and Steelhead Restor&toject.

! In June 1994, four federal agencies -- the Envitemtal Protection Agency, Bureau of Reclamatiortjdval
Marine Fisheries Service and Fish and Wildlife 8snalong with the State of California signed areagent to
coordinate activities in the Delta, particularly feater quality standards. This was the beginninGALFED. State
and federal agencies, along with stakeholders,|dpgd a science-based proposal for water quahtydstrds,
which then led to the signing of a document titiBdnciples for Agreement on Bay-Delta Standardsveen the
State of California and the Federal GovernmentisBgreement is known as the Bay-Delta Accord,itimitiated
a long-term planning process to improve the Defidiacrease the reliability of its water supplyhelColeman
National Fish Hatchery’s Barrier Weir and Ladderdifioation project was one of the early CALFED Egstem
Restoration Program projects approved by the Sagref the Interior as a Fish and Wildlife Servizigected
Action as this project needed to be completed pddhe larger Battle Creek Salmon and SteelheatoRaion
Project. Total project funding in the amount ol $176,820 was provided by CALFED through the Burefiu
Reclamation. The original 1999 Agreement providé@b63,400. Subsequent funding was secured/awasled a
follows: $6,553,420, and $1,110,000 both in 200®] $1,950,000 in 2007.



Methods

Monitoring of the Coleman NFH barrier weir and fiskdder was conducted using radio
telemetry, Floy® anchor tags, and videography. iRe&lemetry was used to evaluate if
salmonids effectively locate, enter, and ascendhévefish ladder. Radio telemetry data also
provided secondary information regarding the effectess of the weir at blocking salmonids
from migrating past the weir during times when fish ladder was closed. Effectiveness of the
Coleman NFH barrier weir at blocking salmonids frongrating upstream was primarily
assessed using video. To evaluate whether ther@ol&FH barrier weir or ladder caused
injuries, fish were tagged with Floy® anchor tags ¢ghen released downstream of the weir.

Fish Attraction and Passage Effectiveness

Radio telemetry was used to determine if anadrorsalmonids were effectively locating and
ascending the fish ladder at the Coleman NFH bamgér. The fish ladder is configured

roughly in the shape of a “Y”, with a single downestm entrance that splits into two upstream
legs (Figure 1). Entering from downstream, fisegimto the “Entrance Ladder,” which is a dual
vertical slot fishway with three baffles (step3yaveling upstream, fish then pass through the
“Middle Ladder,” which is a rectangular space camtay no baffles. At the upper end of the
Middle Ladder, fish can be directed either into ‘tHatchery Ladder” or the “River Ladder.”

The Hatchery Ladder is used to divert fish intohléchery during collection of brood stock.

The River Ladder facilitates passage upstreameoCileman NFH barrier weir. Both the
Hatchery Ladder and River Ladder are single vdrsia fishways with similar cross-sectional
dimensions; however, the two ladders differ in landhe Hatchery Ladder is approximately

120 feet in length and has a series of eightémihd the River Ladder is approximately 55 feet
in length and has a series of four baffles. Direonitoring of the River Ladder was not possible
during our study because fish migration was blodkef@cilitate broodstock collection and to
prevent hatchery-origin salmonids from enteringupper watershed. Because the Hatchery and
River Ladders are similarly constructed, we momitbfish migration through the Hatchery
Ladder to make inferences to rates of passageghrine River Ladder.

Hatchery-origin late-fall Chinook were used to assehether salmonids could locate and ascend
the fish ladder. Adult late-fall Chinook salmonr@eollected during broodstock collection and
spawning activities at the Coleman NFH. Fish waresthetized with carbon dioxide, measured
for fork length, and gender was identified. A athansmitter was intragastrically inserted

(radio tagged) as described in Keefer et al. (2004¢ used LOTEK coded radio transmitter
tags (model MCFT-3A) with a frequency of 164.480 ¥a&hd a burst rate of 3.0 to 4.0 sec. One
hundred and thirty-five hatchery-origin late-fathi@ook salmon were radio tagged over two
seasons of study, including 76 in 2009 and 59 tD20Fish were allowed to recover in captivity
and then transported and released 0.5 miles dosamstof the Coleman NFH barrier weir and
fish ladder. Following release, a series of faxed-site antenna arrays logged the movement of
the tagged fish upstream to the barrier weir anouigh the fish ladder.



Four fixed-site antenna arrays (Figure 1) recottiednovements of tagged fish. Each array had
a data-logging telemetry receiver (LOTEKRX400) and an antenna switch control port
(LOTEKe ASP_8). Array A was located at the release siterad two directional yagi

antennas pointed upstream and downstream. ArragBlocated at the Coleman NFH barrier
weir and consisted of two “H” short-range direcabgagi antennas pointed upstream and
downstream. The downstream antenna of Array Bpeagioned to detect fish as they
approached and arrived in the immediate vicinityhef Coleman NFH barrier weir (i.e.,

tailrace). The upstream antenna of Array B wastipogd to detect fish that jumped past the
weir. Array C consisted of four underwater anteniogated in the Entrance Ladder and Middle
Ladder. Array C was intended to detect fish ag #pproached, entered, and migrated through
the Entrance Ladder. Array D was added in 2010cangdisted of three underwater antennas
located in the Hatchery Ladder. Array D detectdhsn as they migrated through the Hatchery
Ladder.

Injuries

One hundred seven adult Chinook salmon were cellieitom 7 October through 21 October
2008 during fall Chinook spawning activities. Daftecapture was recorded. Fish were
anesthetized with carbon dioxide, measured fortlendentified to gender, photographed on
both sides, and tagged with sequentially numbelastip anchor tags (i.e. FIByags) into the
musculature near the posterior of the caudal Tine physical condition of each fish was
evaluated and documented, including type, locatoud, size of external injuries (e.g. length,
width and locations of abrasions, contusions, punest etc.). Fish were transported in aerated
tanks to a release site approximately 300 ft. dongas of the Barrier Weir and fish ladder,
where they were allowed to recover from anesthasta to release into Battle Creek. Floy
tagged fish that re-entered the Coleman NFH werealaated as described above, documenting
the date of reentry and external injuries. Fishenagain photographed on both sides. A
gualitative assessment of injuries was completatetermine whether fish that were exposed to
the Coleman NFH barrier weir and fish ladder a sddane had an increased rate of injury.

Blocking Fish Passage

We monitored the Coleman NFH barrier weir usingrae-camera color video surveillance
system [ARM Electronics, Camera Model C520HDCVFIBRE (NTSC)] from 15 October
2008 through 28 February 2009 and from 15 Septe@®@9 through 19 January 2010. Video
cameras were installed in an outdoor housing acatded to a Honeywell Fusion digital video
recorder (DVR; 16 channel, 120 GB hard drive, aRd images per second [ips]) connected to
an uninterrupted power source (UPS; SmartUPS ARIWAR The DVR and UPS were housed
in a metal cabinet (Knaack, Model 99) to proteet&bnic equipment from water and
vandalism. Coaxial and power cables were routathe cabinet through a weather-proof
fitting on the cabinet. A 4.5” hole was drilledareach end of the cabinet and a 110 volt fan and
vent were installed to circulate air inside the ahetbinet to prevent electronics from
overheating. Two halogen work lights (150W) wesedito illuminate the Barrier Weir.

5



Cameras were positioned to view different expan$éise barrier weir; including: the overshot
gate (Camera 1), the north section of the Barrieir\ilCamera 2), and the south section of the
Barrier Weir (Camera 3; Figure 2). All portionstbé barrier weir that could conceivably be
compromised by fishes were encompassed withinitwe of the cameras and some redundancy
existed between the viewing areas of Camera’s Zarffeveral times each week, video was
transferred to external hard drives and brougliiéoRed Bluff Fish and Wildlife Office. Video
recordings were viewed and numbers of jump attempdssuccessful jumps were recorded for
each day. A jump attempt was recorded when aréiabhed the velocity barrier (horizontal
section) of the weir and a successful jump wasrdszbwhen a fish ascended past the upstream
vertical wall of the weir. Fish jumping in the areovered by both Camera 2 and Camera 3 were
only counted on Camera 3 totals.

For successful jumps, total length of fish wasneated by creating a relationship between
recorded images of the fish and parts of the Bawileir with known measurements. Images of
fish jumping over the barrier weir were projectedama 226 cm x 173 cm screen. Total fish
length, weir plate width, and overshot gate lervgdls measured by three different individuals.
Measurements were averaged and the following famwals used to estimate fish length:

Fish Length (yiqeo) - Weir Structure Measurement sctyar)

Total Fish Length =
9 Weir Structure Measurement (yigeo)

For fish that jumped over the overshot gate, the steucture measurement used in the formula
above was the width of the overshot gate. Fofisiethat jumped over primary section of the
Barrier Weir, the width of the weir plate was u$edthe calculation.

Results

Fish Attraction and Passage Effectiveness

One hundred thirty-five hatchery-origin late-falhi@ook salmon were radio tagged: 76 in 2009
and 59 in 2010. Fish were tagged and releasedeket® February and 6 March during both
years. Of the 135 radio tagged fish, 108 movedreas and re-entered the fish ladder a second
time. Zero radio tagged salmon were detected egsirof the Coleman NFH barrier weir.

The median time required for radio tagged fish tivenupstream 0.5 miles to the barrier weir
tailrace was 55.7 h (Table 1). Once at the talréite median and mean time required for fish to
enter the fish ladder was 1.7 h and 11.4 h, resdgi(Table 1). The relatively large difference
between the median and mean indicates the preséocdiiers (Figure 3). For example, a few
salmon moved downstream after arriving at thededrbut before entering the fish ladder. The
maximum amount of time to move from the tailrad® ithe fish ladder was 116.8 hours. A
“mean” is highly influenced by outliers in whichsgthe “median” is the more robust and
accurate measure of central tendency. Removirggadasociated with fish that moved



downstream prior to re-entering the fish laddetdgd a median and mean time of 0.8 h and 2.2
h, respectively (Table 1).

Once inside the fish ladder, the median time regluior salmon to ascend the Entrance Ladder
(three baffles) was 0.1 h. The median time tors¢ke Hatchery Ladder (8 baffles) was 0.2 h.
Some fish tended to hold in the Middle Ladder ptibascending the Hatchery Ladder or exited
downstream prior to ascending the Hatchery Ladttesluding these delays, the median time
required to ascend both ladders was 0.6 h (Tabld igre was no significant difference between
males and females regarding the median time redjtiréocate and enter the fish ladder or to
ascend the ladder (Kruskal-Wallis testsDR22). Also, there was no significant correlation
between the release date and passage delaysrigeassions, 0.59).

Radio tagged salmon exhibited a clear diel pattetin regard to time of first arrival at the
tailrace and time of first entry into the fish l&ld Salmon entered the fish ladder primarily
during daylight hours and peak movement into tkeéda occurred during the 14:00-16:00 PST
period (Figure 4). Some salmon arriving at thizdee at night delayed entry into the fish ladder
until daylight hours. This behavior is illustratedFigure 4 by showing a moderate spike in
movement to the tailrace during the period 22:0@@4ut no corresponding spike in movement
into the ladder.

Individual salmon entered the ladder from 1 ton&ets. Fifty four percent of the salmon that
entered the fish ladder entered the hatchery poddt6% returned downstream of the Coleman
NFH barrier weir without entering the hatchery pond

Injuries

Fifty Floy® tagged fall Chinook salmon reentered the hatchrdy57 fish were not observed

after release. Of the re-captured fish, threeliesth sustained injuries that were not present when
they were released. One fish had a small cut etefhside below the lateral line and midway
between the pectoral and anal fins, one fish haalsadns on the left operculum near the eye, and
on the anterior portion of the snout, and one lfiad lacerations in the head above the left eye.

Blocking Fish Passage

We observed 8,433 jump attempts at the Coleman bétker weir; 657 in 2008-2009 and

7,776 in 2009-2010. Most jump attempts occurreor po the end of fall Chinook spawning (i.e.
the end of November; Figure 5). More jump attemysse made in 2009-2010 compared to
2008-2009, even when accounting for the later siatet in 2008-2009 (Figure 5). The south end
of the weir received more jump attempts in bothryé@able 2). Zero of the 135 radio tagged
fish were detected upstream of the Coleman NFHdyameir. Zero fish were observed on
recorded video ascending over the Coleman NFHdyameir in 2008-2009 and five fish

migrated past the weir in 2009-2010. All succedgsimps over the Coleman NFH barrier weir
occurred in the late-afternoon to early-eveningwieen 3:38 pm and 7:20 pm, and most
successful jump attempts occurred early in theGalhook migration period (Table 3). The first
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successful jump occurred on 9/21/2009, three sstdgsmps occurred on 9/24/2010, and one
successful jump occurred on 10/17/2009 (TableRdur of the fish ascended over the overshot
gate (Figure 2; Camera 1) and one fish ascendedttowg@rimary weir near the north wall that
separates the primary weir from the overshot datgu(e 2; Camera 2). Estimated lengths of
fish that successfully ascended over the Barrieir Vdaged from 342 mm to 594 mm total
length (Table 3).

Flows ranged from 200 to 1,387 cubic feet per séqofs) in 2008-2009 and 199 to 1,806 in
2009-2010 (Figure 5). All successful jumps over Barrier Weir occurred at low flows (i.e.

203 — 205 cfs; Table 3; Figure 5). We were noffid@nt in our abilities to observe fish that may
have passed over the weir at flows exceeding appedgly 800 cfs.

Discussion

Fish Attraction and Passage Effectiveness

The median time for radio tagged late-fall Chin@akmon to locate the ladder entrance was 1.7
h and the median time to ascend the ladder wals.0\W§e did not monitor passage through the
River Ladder leg but its design and dimensionssandar to the Hatchery Ladder except that it
is approximately half the length. Therefore, wedwe it is likely that passage through the River
Ladder would likely occur more quickly than the etegry Ladder. Design criteria for the
Coleman NFH barrier weir fish ladder specified a<mmum allowable delay of three days. In
2010, we monitored a total of 44 fish that movedhupugh the entire fish ladder and all but one
passed in under three days (98%).

We radio tagged Coleman NFH-origin late-fall Chik@almon to make inferences of passage
efficiency for all anadromous salmonids in Battie€k, including other races of Chinook
salmon and steelhead. Hatchery-origin late-falhGbk were used as surrogates to avoid
adverse impacts to threatened Central Valley spZimgook salmon and steelhead, as well as
natural-origin stocks of fall and late-fall Chinos&lmon. Collecting study fish in the Coleman
NFH spawning building had the advantage of avoidimgacts to the naturally spawning
populations in Battle Creek but had the disadvant#gising study subjects that had previously
located and ascended the fish ladder prior to rejging. This may have led to either a
negative or positive bias in passage delay measmtsm Familiarity with the site may have led
to a reduction in passage delay times. Converaghbidance behavior due to the stressful
tagging procedure may have led to an increasessage delay times.

We feel that late-fall Chinook salmon were a sigiit proxy population for other runs of

Chinook salmon and steelhead. For example, s@ingook salmon generally enter Battle

Creek in better physical condition than late-fdilii@®ok because, unlike late-fall Chinook, they
must be able to reside in freshwater for severaith®prior to spawning. Adult steelhead also
enter Battle Creek in prior to complete maturataowl are capable of faster burst movements and



higher sustained swimming speeds than Chinook salBell 1986). Steelhead would
therefore also likely navigate the fish laddereaist as quickly as late-fall Chinook salmon.

Injuries

The injury rate from release after tagging urgémtry into the hatchery was 6%. Observed
injuries were dissimilar, suggesting that there watsa common cause, as might be expected
with a design flaw. The injuries observed wereaniand could not be unambiguously attributed
to the Coleman NFH barrier weir and fish ladder.

We believe that some fish failed to reenter thelnaty because they spawned naturally in Battle
Creek. At the time when fish were Floy® taggedhi@ hatchery, many were close to being
“ripe”, or ready to spawn. Upon reentry into thegdiery, all of the fish recovered were very
dark in coloration and in advanced stages of mtatura Based on our observances, we believe
that the likelihood of injuries to fall Chinook sabn resulting in or around the Coleman NFH
barrier weir and fish ladder are low and pose allsmsl to anadromous salmonids in Battle
Creek.

Blocking Fish Passage

Five fish were observed passing over the Colemat bérier weir; four passed over the
overshot gate and one passed over the main bengietip. Based on the recorded video
images, we could not identify with certainty thesies that successfully escaped past the weir.
Three of the fish were unlikely to be salmon duéhtr small size (e.qg., fork lengths: 342 mm,
441 mm, 455 mm). The smallest salmon measurdeeaoleman NFH in 2009-2010 was 500
mm fork length. We speculate these fish were sézsl trout or resident rainbow trout
(Oncorhynchus mykiss) based on their size and morphology. The lengthiseotwo larger fish
(575mm and 594mm) that jumped past the weir wetleinvihe length ranges typical of both
Chinook and steelhead in Battle Creek. Based aphatogical features, particularly body
thickness, we believe that the two larger fish jbhatped over the weir were likely Chinook
salmon.

The Coleman NFH barrier weir and fish ladder madifion project was designed to support the
restoration of anadromous salmonid populationsatil& Creek by allowing the ability to
selectively control access upstream of the ColeNfaAd. The ability to control upstream
passage enables the fishery managers to focusfingstoration of ESA-listed “priority
species”. To accomplish this necessitates thé@yatwl block fall Chinook salmon from jumping
past the weir. The primary section of the ColerN& barrier weir was successful at
preventing upstream migration of fall Chinook satm@®nly one fish was observed jumping
past this section of the weir and, based on thél saa of that fish, it was likely a rainbow trout
Four fish successfully migrated over the weir atdlrershot gate and we consider it likely that
two of these fish were Chinook salmon. The overgate did not meet the design criteria that



was specified in the design criteria and shouldbeified if blocking all fall Chinook from
migrating above the weir is a desired goal of dulity.

All five of the successful jumps occurred priorotoearly during the collection of fall Chinook
brood stock. We believe the likelihood of succelgfjumping over the weir is reduced as fish
approach sexual maturity. Fish are generally énttbst physical condition during the early
portion of the run and there is a general detetimmaof physical abilities as salmon approach
maturation.

We recorded substantially more jump attempts ir022010 compared to 2008-2009 (Figure 5)
despite smaller run sizes of both fall and laté@&linook salmon in Battle Creek (Fall Chinook
in Battle Creek: 10,639 in 2008-2009 and 6,152009-2010; Late-fall Chinook in Battle
Creek: 6,429 in 2008-2009 and 5,505 in 2009-201t0% likely that environmental conditions,
such as water temperature and stream flow, infleéime numbers of jump attempts. Particularly
noteworthy is the flow increase in Battle Creekl thacurred after a rainstorm in mid-October
2009 and the corresponding increase in jump attengstinook salmon migration typically
increases during the period of increasing flows tamblidity associated with rainstorms, which
would be expected to increase the number of fislo@ntering the weir resulting in more jump
attempts. It is also possible that operation efftth ladders may have affected jumping
attempts. We speculate that salmonids that dbag access to a fish ladder may demonstrate
increased attempts to circumvent the weir by jugpihowever, we were not able to demonstrate
this during this study. Ladder operations durimg fiall and late-fall Chinook spawning periods
are shown for 2008-2009 and 2009-2010 in figuraad 7.

We speculate that the reduced jumping activityateINovember through February was a result
of fewer fish in the vicinity of the Barrier Weind lower water temperature in Battle Creek
(figure 8). The relative abundance of Chinook sairm the vicinity of the Barrier Weir is
typically highest during the peak of migration afl {Chinook (October) and declines markedly
thereatfter, typically remaining relatively low tlughout the late-fall Chinook migration season.
Warmer water temperatures earlier during the yalaslikely contributed to more successful
jumps. Although we could not conclusively relatenping activity to water temperatures in this
study, we consider it likely that fewer jump atteasmare made when the water temperature in
Battle Creek is lower. It is important to notettlimleo monitoring early during the monitoring
period, when we believe fish are most likely tocassfully jump over the Coleman NFH barrier
weir, did not occur in 2008-2009. Therefore, s@uecessful jumps may not have been
observed.

Four of the five fish that were able to jump oves Coleman NFH barrier weir passed over the
overshot gate. The overshot gate is designed taibed or lowered to adjust the flow of water
near the entrance of the fish ladder to attrabttfisthat location. The overshot gate does not
have an overhanging lip at the crest and, thereflmes not appear to afford the same level of
success at blocking passage as the main portittreafeir. The position of the overshot gate
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was not recorded during this study; however, basetthe position of the gate as shown in the
recorded video, we believe that the gate was aear the upright (fully closed) position when
fish escaped past the structure.

Conclusions

Chinook salmon quickly located the entrance anéraded the fish ladder at the Coleman NFH
Barrier Weir. Based on the results of this stwdy,believe that fish ladders are achieving the
desired fish passage goals.

We found no evidence to suggest that the Barrier @rdish ladders were causing injury to fish
entering the Coleman NFH. The rate of injury imedrin the vicinity of the Coleman NFH
barrier weir and fish ladder were low, observedrigs were minor, and could not be directly
attributable to the barrier weir or fish ladders.

Throughout two seasons of monitoring, five fishesewobserved escaping past the Coleman
NFH barrier weir; four escaped over the overshte gad one jumped over the main portion of
the barrier weir. The main section of the bamweir was successful at blocking Chinook
salmon from migrating upstream of the hatcherye Simgle fish that escaped past the main
portion of the weir was likely a rainbow trout/dtesad. However, the overshot gate failed to
meet the desired goal of completely blocking salrimom migrating over the weir. The fishes
migrating past the overshot gate likely includeidivaw trout/steelhead and Chinook salmon.

The low number of successful jump attempts suggebigh degree of effectiveness at blocking
upstream passage of fall Chinook, which is a pryntancern because of their potential effects
on ESA-listed spring Chinook. The barrier weir uess effective at blocking steelhead/rainbow
trout. Fish that migrated over sections of therwla so at flows as low as 203 CFS, well below
the design target of 800 CFS. Remedial actiomsprove the design of the overshot gate are
necessary to improve the capability of blocking @tinook salmon from accessing habitat in
Battle Creek upstream of the Coleman NFH.

Recommendations

1.) The overshot gate is an area of particular vulnktgbor fish jumping over the weir. We
recommend the Service work with Reclamatitmdevelop a design modification that will
remedy this area of weakness. Further monitoningis area should occur after completion
of modifications.

2 As of the writing of this report, Reclamation emegrs have completed 30% design for
developing a remedy for the deficiency in the oketgate area. Design modifications are
anticipated to be finalized and physical modifioatto overshot gate is expected be
complete in 2011 or 2012.
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2.) The position of the overshot gate should be reabndé¢he future, particularly, if additional
monitoring of the Coleman NFH barrier weir is schied.
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Table 1. Travel time of adult late-fall Chinook sémon as they encounter and pass through
the improved fish ladder at Coleman National Fish ktchery on Battle Creek. Salmon
were tagged with radio transmitters and monitored $ing fixed-site antenna arrays and
radio receivers. From downstream to upstream, antena locations include the following:
Pl=release site, P2=barrier weir tailrace, P4=insilladder entrance, P6=top of Entrance
Ladder, P7=bottom of Hatchery Ladder, and P9=top oHatchery Ladder. Movement “P2
to P4” is the time taken to locate and enter the der and “P4 to P9” is the time taken to
ascend the entire fish ladder (i.e., Entrance and &ichery Ladders). Included is the total
number of fish observed (n).

Travel Time (hours)
PltoP2 P2toP4 P2toP4 P4toP6 P7toP9 P4to P9

Median 55.7 1.7 0.8 0.1 0.2 0.6

Average 60.1 11.4 2.2 0.2 0.8 1.9
Minimum 21 0.1 0.1 0.0 0.0 0.1
Maximum 199.3 116.8 29.2 2.2 16.9 31.9
n 113 108 75 104 44 44

& Does not include fish that moved upstream to B2k ldownstream to P1, then upstream to P4
® Data are only available from 2010

Table 2. Number of jumps per meter of weir monitoed, by camera, during the 2008-2009
and 2009-2010 periods.

Year Camera 1l Camera 2 Camera 3
2008-2009 7.7 11.8 35.1
2009-2010 59.1 110.8 432.4

Table 3. Date and time of each successful fish jynover the Coleman National Fish
Hatchery Barrier Weir. Also included are the Battle Creek flow (cfs) at the time of the
jump, the camera where the jump was observed, andhé estimated length of the fish that
ascended the weir.

Flow
Date Time (CES) Estimated Total Length (mm) Camera
9/21/2009  6:35 PM 204 342 2
9/24/2009  4:31 PM 203 455 1
9/24/2009  4:45 PM 203 594 1
9/24/2009 7:20 PM 203 441 1
10/17/2009 3:38 PM 205 575 1
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Fish Barrier Weir and Ladder Modification
3D Isometric
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Figure 1. lllustration of the improved fish ladder and barrier weir at Coleman National
Fish Hatchery on Battle Creek. Radio telemetry argnna arrays are represented as

follows: ovals = aerial Array B, triangles = undervater Array C, and stars = underwater
Array D. Key locations are labeled as P2, P4, P&/, and P9.
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Figure 2. Photograph of the Coleman National FisiHatchery Barrier Weir, fish ladder,
and overshot gate. Also shown are the areas covdry the three camera’s during the
video monitoring aspect of this study and the distace that each camera view covered.
Total attempts and successful attempts made by figl jump over the weir are shown for
two periods: 1.) from 15 October 2008 through 28 Feruary 2009 (2008); and, 2.) from 15
September 2009 through 19 January 2010 (2009).
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Figure 3. The delay-frequency distribution for rado tagged Chinook salmon entering the
improved fish ladder at Coleman National Fish Hatclery. Delay time is the time duration
from arrival at the barrier weir tailrace to entran ce into the fish ladder.

25
b A 7
¥ Arrive at barrier
20 —
weir %
315
()
>
g 10 —
: z
- o
A A . 7= W %
Y WV VY Y VYYW /

2:00 4:.00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 23:59
Time of day (PST)
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