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ProjectNeedand Background
Many aging corrugated metal culverts that convey streams under major Connecticut highways
require repair or replacement. In many cases, culverts are covered by significant amounts
(greater than 20 ft) of earthen fil. Complete culveginoval can be expensive and present a
multitude of construction and traffic issues since removal of culverts under large amounts of fill
require large open trench cuts.

hFGSy NBTSNNER YENE | sicddhahddedpproached or exceeded their

design lives (Webb 2009hese culverts are being rehabilitated with a method called

GatALX AYyAy3e o ¢tKAa OGSOKYAIljdzS Ay @2f @g&ger LI I OSYS
diameter failing culvertThe newsliplinedculvert is subsequentlgtabilized with grout.In most

cases, the invert elevation of the sliplined culvert is raised approximat#lin8hes in height.

Unfortunately, slipliningstypicallyy 2 ( -gessdgdrikndly¢é. Conditions such as perched

outlets, shallow water depth or increased water velocities are exacerbatallingupstream

fish passage challenging search of fish passage literature and consultation with other fishery

agency biologists revealed a lack of institutional knowledge and lineit@erience with

modifyingsliplined culverts to provide upstream fish passage.

The Fisheries DivisigfD)was first presented with a list of projedts 2008proposed for
slipliningby the Connecticut Department of Transportation (CTD®Y)( A List2& RGivén

their location on major highwaygotal culvertreplacement alternatives were not feasible.

Thus, FD and CTDOT staff were challenged to solve fish passage issues at several proposed
slipline projects.

Once such rehabilitatiosliplining poject involvedreplacement of twin 72 inch corrugated
metal culverts that convey a tributary of Lyman Brook under RouneMarlborough, C{Figure
1). This infrastructure blocks afrdgmentsthe wild Brook Trout population in the stretch of
stream aboe the culvert due to the presence of an outlet perch exceeding 1.5 ft in height
(Figure 2). CTDOT proposed to slipline theading culverts with 60 inch diameter polymer
coated round metal culverts.

The FD proposed desigmodifications to provide ugtream fish passagéncludingthe
installation of a corner baffle system in one culvantthe installation of a concrete pool/weir
fishway at the outlet In addition,the two agenciesigneda Memorandum of Agreement
(MOA)to evaluate the effectiveness of project design features asskesshe ability for wild
Brook TroutSalvelinus fontinal)Jdo pass through this infrastructure by conductingeanote
monitoringfish passage studytilizing passive integrated transponder (Piethodology The
MOA required theCTDOTo purchase thePITstudy equipmentandthe FDto conduct the study
over a three year periodrhisfinal report outlines thedesign features of this culvert
rehabilitation project and resudtof the three-year fshpassage monitoringnd assessment
study, 20162018.



Figurel. Topographic map of study area, Tributary to Lyman Brook, Marlborough, CT.

Project Engineeringnd Design

The twin 72 inch corrugated metal culverts w2 feet in length andetat a 4.5% slope.
Culverts vere sliplined with 60 inch diameter polymer coated round corrugated metal culverts.
The smaller diameter pigavere required due to pipe deformitied he existingulvertinvert
elevationswere raised approximatelyhree inches. Acompletesummary of projectiesign
metricscan be found iAppendix A.A complete set of the engineered plaisshcluded in
Appendix B.

The concrete pool/weir fishway constructed at the east culvert outi@as@omprised of 6
pools/weirsdesignedwith a four inch dropin elevationper pool Figure 3Appendix B). Weirs
includednotches (2 ft x 1 ft) with slotso accept weirboardso allow flexibility inmanipulation
of water levels in the poolsFishway Pool #6reated a minimumfour inch backwater intdhe
culvert. A fish diversion walNas constructed at the west culvert outlet to help guide fish into
the fishway The west culvwe outlet includedariprap scour holeto disspate outlet energy
during flooding.A boulder weiwasinstalledto create a holdingpool (mean water depttof 2.5
ft) to facilitate fish passage into FishyntrancePool#1. Change iwater surface elevaon
between the holdng pool and Fishwakntrance #1 weivaried with dischargehowever, the
difference inmaximum water surface eVation during low flowswvasapproximatelyfour inches.
The east culvert was retrofitted with a corner baffle system (Figure 4, Appendix B).



Figure 2. Photograph of culvert outlet depicting perched conditions and physical barrier to
upstream fish passage.

Studies have shown that angled baffles provide regions of lower velocity and adequate water
depths which are key features of flow diversity necessary for passage (Thurman and-Horner
Devine 2007)The baffle angledt 4 degrees from horizontadnged from 0.5 to 1.04 ftin

height Spacing betwen baffleswas5 ft. Meandaily flowswere directed into theinlet of the
baffled east culvert via a low flow diversiamll installed at the west culvert inlgFigure 6)

Flood flowswere conveyed into both culverts.

Figure3. Upstream view of concrete pool and weir fishway, diversion wall and boulder weir
holding pool.




A customdeflect and collect trash rack systemasconstructed at the inlet to minimize debris
accumulaion inthe baffled culvert(Figure 5Appendix B)The primantrashrack was designed
to collect and deflect large wood wheas the secondarirashrack comprised of 2 inch
diameter rebar functioned to collect smabrush,branches and othersmaller sizelebris(Figure
6). Thiscustomsystem was constructed to ensure minimal debris accumulation withén
baffled culvert, minimzing seasonal maintenancé€ulverts of this diameter are defined as
confined space@ndrequire special training torder.

Figure4. Upstream viewof corner bafflesystem at moderate stream discharge




FHgure 6. View of secondary rebar trashra@nd concrete diversion walit inlet.

Estimated Design Hydraulic Conditions

CDOT engineering statbnducteda HECRASydraulicmodellinganalysigo predict and
estimate water depth and water velocitgetricswithin the baffledculvert and the pooeiveir
fishway during seasonal bioperio@ppendix BTable ). These data were compared to target
swim speed and water depth criteria for Brook TroB&ased upon a review of fisheries
literature andthe FishingXing $ftware Program fish passageesign target parameters were
defined asprolonged swim speedf 1.3 ft/s, burst swim speedf 3.1 fi's and minimum water
depth of 0.5 ft (Fish Xing 2014).

Thesehydraulic datassummarized in Tabledrovidedsome confidenc¢hati KS RSaA 3y Qi
estimated water depth and water velocity &e mostly within range o&cceptablearget
criterialimits and that fish passage needsm likely to beprovided The only exception was
average water depth which was lower than the minimum depth of 0.% f#hould be noted
that the estimated mean water depth of 0.4 ft in the upstream channel iwagr thanthe
target level. It is notnecessaryor the culvert/fishwayto be passable yeaound but it ismost
important to provide passable conditions when fish are motivated to move upstrearimg
spawning hherentto survival Brook Trout wil have totake advartage ofperiodichigher
stream flow events that provide fish with an opportunity tacass spawningabitats that
perhaps may noalwaysbe accessible duringypicallow flow conditionsat the end of
summer/early fall



Tablel. Hydraulic analysis sumary of estimated fish passage metrics by bioperfod

BIOPERIODS
Hydraulic Conditions Habitat Resident Rearingand Salmonid
Forming Spawning Growth Spawning
(MarckApril Q50] (June Q75  (JulyOctober Q75) | (November Q7
4.0 CFS 0.4 CFS 0.1 CFS 0.5CFS
Over Culvert Baffles
Maximum Depth (f 0.8 0.3 0.2 0.4
Mean Depth (ft.) 0.5 0.2 0.1 0.2
Mean Velocity (ft/s 19 1.0 0.8 11
Between Culvert
Baffles
Mean Depth (ft.) 1.2 0.7 0.5 0.7
Mean Velocity (ft/s 11 0.3 0.1 0.3
Over Fishway Weir
Notch
Maximum Depth (f 0.8 0.2 0.1 0.2
Mean Depth (ft.) 0.8 0.2 0.1 0.2
Mean Velocity (ft/s 2.4 1.1 0.7 1.2
Upstream Channel
Mean Depth (ft.) 0.8 0.5 0.4 0.5
Mean Velocity (ft/s 1.8 0.6 0.4 0.7

*Design parameters: prolonged swim speed of 1.3 ft/s, burst swim speed of 3.1 ft/s and minimum water
depth of 0.5 ft

Fish Passage Monitoring and Assessment

Objectives

1. Evaluate fish passage performance within the modified baffled culverpantdweir
fishway through passive integrated transponder (PIT) tag monitoring over a three year
period (20162018).

2. Utilize study findings to facilitate fish passage design for future culvert sliplining or other
culvert rehabilitation projects that requerinfrastructure modifications to achieve upstream
fish passage.

Study AreaCharacteristics

The Inear length of theTributary to Lyman Brookom its confluenceupstream to its

headwaters is approximately 1.12 miles (Figure 1). Length of stream frocotifieence up to
the Route 2culvert outlets that block upstream fish passage is only 0.17 miles; ttiese
culvertsimpact connectivity to much of the upper portion of the watershed. Watershed size of
the Tributary to Lyman Brookas calculated as 0.9#i? (Connecticut Stream Stats 2014).
Approximately 5.3% of the watershed is comprised of cogragned stratified drift. The stream
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grade from its confluence upstream to the culvert outlet is relatively moderate at 2%.
Mesohabitats are comprised oftainating riffle/run/pool features(Figure7). Gravel/cobble
substrates are dominant with lesser amounts of smaller boulderssirhbamgrade above the
culvert is much steeper at 6.5% with large boulder gtepls being the dominant mesohabitat
feature (Figure8). Gravel/cobble substrates are less prevalent than within downstream areas.
Steppool tailwaters providdavorableBrook Trout spawning habitat.

Figure 7. Example of lomnoderate grade mesohabitats below culverts.




Methods

Study Time Period

Brook Tout movement and activity in small strearase known to be greatest in the fall
associated with the onset of spawniagdthe presence of colder water temperatures
(Mollenhauer et al. 2013; Goerig et. al. B)1The PIT tag monitoring study period included the
period from midSeptember through early November to encompass movements and behavior
through pre, during and postish spawning life stages. The study encompassed three
consecutive annual spawning periods from 2016 to 2018.

Fish Collection and Tagging

Brook Tout were collectedusingSmithRootLR24 backpack electrofishingeareach year in

late June After capture fish were measured to the nearest millimeter (total length) aagged

via the peritoneal cavityith Half DuplexSystem (HD>9IT tags12mm length X2 mm diameter

and weight of 0.1 granfish were tagged and returnéal placeto the stretch of brook in which
they were collectedFigure 9. Three reaches were sampled as follows: mainstem Lyman Brook
below confluence of Tributary to Lyman Brdgkirple line) Tributary of Lyman Brook from
confluence upstream to culvert outl¢ted line)and Tributary of Lyman Brook above the
culverts(black line) During the study periad.55 fish were tagged that ranged from 1289

mm in total lergth withamean length of 165 mm TL.

Figure9. Total number of Brook Trout tagged by reach from 2018.
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PIT System\ntenna ®tup

A (HDX) system utilizing Oregon RFID comporveassieployed powered by 12 volt deep

cycle marine battey. Freshly charged batteries were switched off approximately every 1.5 days.
TheHDX systemeader energizes an antenna array and creates an electromagnetic field that
causes the PIT tag to discharge a radio signal carrying the unique identification number of the
tag to the antenna. When a PIT tagged fish is detected by an antenna, the date, ime, fis
identification number and antenna number is recorded by thederand data loggerTypically,

data from the readers were uploaded to a laptop computeth&t time when batteries were
switched. Attempts to set up a solar charged system were unsucceasthé site due to(1)
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extreme noise interference generated by thdagpanel controller that significantlyecreased
the tag detection fieldand, (2) lack of open and secure areas to sufficiently charge the panels.

Specific antenna locationsene as follows(A) fishway entrance: poekeir #1, B) culvert
entranceheadwal| (O culvert inletheadwall andD) approximately 15 meters upstream from
inlet headwall

While the use of remote PIT tag detection monédtagged fish passively,was also the intent
of the study to conducperiodicmobile searchesising a portable backpack reader to identify
locations of tagged fish within thmainstem andhe Tributary of Lyman BrookMobile
searches were not conducted in 2018 due to equipment nmalfion.

RESULTS AND DISCUSSION

2016 Monitoring Culvert Movements

During2016 the first year of moniting, we tagged 61 Brook Trout in the study areheie
were 40 movenents documentedthrough the culvert This irtluded22 separateupstream
movemensand 18 dowstream movements inveing nine fisi(Figurelo,

Table2). Of note, Fish386 was extremely activmakinga total of 18 combined
upstream/downstream movemest Thidbehavior resulted in 45% afl observectulvert
movements in 2016.

The Sate of Connecticutvas declared to b aD4exceptionaldroughtfrom June 21, 2016
throughMay 2, 2011CTG0OV2017) Given that the frequency of movements appeared to be
coincident with rain events, we decidéo plot 2016 movements versus the Salmon River USGS
gage01193500ocated inEast HamptonCTto determine generamovementtrends (FigurelQ).
Ourfirst documented movementFish#336)occurred 9 days into monitoring September 27

after a 0.5 inch rainvent. A 0.5 inch rain event results in a significant increadesahargeand
availability of useable habitat in this second order stredBnook Trout movement through

culverts tend to occur more frequently at higher discharges (Goerig and T. Sastios 2016).
Mollenhauer et al. 2013 also documented increased activity and large upstream movements for
wild Brook Trout during a high flow ent in central Pennsylvania headwater streams.
Subsequent movements in 2016 also appeared to be correlated with rain events and increased
dischargeln general, most movement activity occurred from late September to@utbber

when fish are seeking sulibe spawning habitats.

Transit Times

Transit Time onet total time (expressed aBours:minutes) for fish tdravel upstream or
downstreamthrough the baffled culverivasdetermined by calculating the difference in
detection times recorded at both theublet and inlet antennas (Table 2, Figure 11). For
example, upstream movement transit time is the time between the last detection at the outlet
antenna and first detection d@he inlet antenna.
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Table2. Summary of upstream andownstream metrics through the baffled culvert during

study years 2014.8.

Study | Fish Length Upstream | Upstream .Transit Downstream Downstream
Year D # (mm) Passage Dur.at!on Passage TranS|tID_urat|on
Date (Hours:Minutes) Date (Hours:Minutes)
302 186 10/9/2016 1:06 10/21/2016 1:47
328 161 11/2/2016 1:28 11/3/2016 3:13
330 137 10/14/2016 1:03
9/27/2016 1:25 9/27/2016 6:24
333 145
10/01/2016 L5t
9/27/2016 1:21 9/27/2016 9:04
10/1/2016 0:46 10/1/2016 0:57
10/2/2016 1:39 10/2/2016 0:47
10/3/2016 1:23 10/3/2016 0:29
336 171 10/4/2016 2:36 10/4/2016 0:42
2016 10/5/2016 1:00 10/6/2016 0:20
10/9/2016 4:11 10/10/2016 4:12
10/12/2016 7:55 10/12/2016 0:45
10/22/2016 0:26 10/22/2016 0:13
10/1/2016 1:04 10/1/2016 0:15
337 175 10/5/2016 1:10 10/5/2016 0:22
10/9/2016 0:38
351 137 11/3/2016 5:25
373 145 10/22/2016 0:35 10/22/2016 0:21
10/9/2016 3:44 10/9/2016 1:25
376 166 10/22/2016 3:42 10/22/2016 0:58
10/29/2016 15:40 10/31/2016 0:34
9/7/2017 3:03 9/7/2017 11:44
302 226 10/24/2017 0:40 10/24/2017 0:20
10/24/2017 0:45 10/25/2017 0:06
2017 346 187 9/6/2017 1:03
484 208 10/25/2017 0:09
486 145 10/8/2017 2:39 10/8/2017 0:16
10/24/2017 0:38 10/24/2017 0:09
9/25/2018 2:01 9/25/2018 30:14
9/28/2018 1:51 9/28/2018 0:19
544 153 10/10/2018 0:26 10/11/2018 0:53
10/13/2018 0:25 10/13/2018 1:53
2018 10/17/2018 2:27 10/24/2018 0:50
10/24/2018 0:33
556 146 9/25/2018 0:19
561 181 11/6/2018 4:41 11/9/2018 4:18
586 155 10/12/2018 2:25
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Figure10. Total number of upstream and downstream movements througt
the culvert versus Salmon River discharge at USGS gage in 2016.
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In 2016, themajority (68%)of upstream movements occurred withimao hour timeframe. The
mean transit time of upstream movements was 2#%:23(Figurell). The minimum and
maximum transit times were 0:26 and 15:40, respectivialgicating a wide range in movement
time extremes.While Fish #376 spei:40to move upstream, this event occurred during a
oneinch rain evenOctober 28 and 29, 2048hen Salmon River discharge reached 57 cfs.
Corner laffles are known to createarying \elocity refugia, includingddiesin which fish
encountermore favorablehydraulic conditions to rest and reduce sustained swimming speeds
(Thurman and HorneDevine 200Y.

Converselyri 2016, the majority (67%) of dmstream movements occurred withia one hour
timeframe. The mean transit time of downstream movements was $:495(Figurell). The
minimum and maximum transit times werel®.and 9:04, respectivel\againindicating a wide
range in movement time extreme¥hese ranges in movememtere exhibited by Fish #336

The reduced mean downstream movemeransittime as compared to upstream by
approximately one hour appears to be somewhat intuitive since fish are moving downstream
with streamflow as opposed to movingpstreamagainst flow.
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Figurell. Transit time or net total timg(expressed as hours:minutes) for fish to travel
upstream or downstream through the culvert during 2016.
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Movement Time of Day

While movements through the culveotcurred throughout the dayBrook Trout were less
activeafter sunset andluring theovernight hourgFigurel?). Activity increased in twilight
hours when the most frequentpstream movementsvere observed in the early morning during
the 500through 10:00timeframe. Patterns of increased activity for downstream movements
were not as pronounced witthe frequency of movemenrgventsoccurringover a longer period

from 11:00 to 18:00
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Figure12. Movement event frequency of occurrence by time of day016.
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Fishway Only Residency

Fish #341 was found throughout the entire 2016 study season to inhabit either the fishway or
outlet pool. A spawning redd was observed with the outlet pool the weekend of October 25,
2016. It issuspected that this fishad spawned in the outlet podFgure 13). This was the only
fish that had spent residence time in the fishway but did not move upstream through the
culvert.

Figurel3. Spawning redd discovered within fishway outlet poo

2017 Monitoring Culvert Movements

During 2017 thesecondyear of monitoringwe tagged 33 Brook Trout in the study area. In
addition, eightfish tagged in 2016 were recapturetVe documented 12novements through
the culvert fewer than observed during the 2016 monitoring seasdihis includedixseparate
upstream movements ansixdownstream movements involvirfgur fish. (Figurel4, Table 2).
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Two (Fish #302 and Fish #346)he four fish recorded movipupstreamthrough the cuvert
weretagged in 2016 Of interest, Fish #346 wasiginallytagged in the stretch of stream above
the culverts. The fact that this fish moved upstream through the culvert on Septetnéd.7
indicated that the fish hagreviouslymoved downstreamhrough the culvert sometime outside
the annualSeptembefNovembermmonitoring period. Also of note, Fish #333 which had been
originally tagged in the mainstem of Lyman Brook below the Tributary to Lyman Brook
confluence was recaptured upstream above thévett in 2017 indicating anet movement
through the culvert outside our monitoring period. These movemenigport the conclusion
that Brook Troutcan readily access habitats within this stream system network #feer
installation ofthe baffled culvertand fishway

In 2017, we rearded water levels through the Fishwayeli#6 rectangulamotchand
developed a weir and discharge relationsbgng theKindsvaterCarter formulaKindsvater
andCarterl1959. As such, we obtainethilyonsite discharge mearremensduring the time of
day when batteries were stehed. We al® verified the accuracy afeir/discharge
measuremens by conductingseveral randomstreamflow measuremerstusing aMarsh
McBirney flow meterand the USGS migkction methodBuchanan ad Somers 1969)

While the State of Connecticut was no longer thealareddrought during the 2017 monitoring
season, rainfall events wefeirly limited in number. Streamflow during the season was
generally less than 0.3 cfs (Figd#). Movement occurence still appeared to be associated
with increases in discharge, all except the movement of Fish,#486h made a relatively quick
upstream and subsequent downstream movement through theatilm October 8, 2017
(Figure 14.

Figurel4. Totalnumber of upstream and downstream movements through
the culvert versus Unnamed Tributary to Lyman Brook Discharge in 2017
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Fish Movement andCulvertHydraulic Conditions

In addition to developing a weir/discharge relationship at the fishway, we began to measure
water velocity and water depth metrickuring a wide range of discharge events to develop
predictive relationshipbetween discharge and correspondent hydraulic metrics.
Measurements were recordeat the following locations: Fishway &t #, culvert entrance and
the 1st upstream corner baffle (Figut8). The goal of this data collection wasltelp define
hydraulicconditions during fish passage everesults of thes@ydraulicrelationships are
presented in Appendi&.

Figure 15. Collection of hydraulic condition data &t haffle and culvert entrance in 2017
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As previously discussed, we desidra 4 inch backwater frofishwayWeir #6 that provided

suitable depths for Brook Trout to be able to gain access to thegpgtream most baffle within

the culvert. In addition, while hydraulic conditions were variable below this baffle, there was

usually a bacleddy effect from flows flowing over the baffle which created lwater velocity

conditions In summaryhydraulicconditions exceptluringlarge dischargesventswere more or

less suitable for Biok Trout at the clvert entrance, therefore while we colieed metrics at the
entrance(AppendixC) it was determined thatt Odzft GS NI Sy G NI yOSé¢ K& RNJI dzf A
criticd for fish passage analysis.

Relative to baffle metrics and fish passage, E&t6 moved upstream on September 6, 2017

during a rain eventaking 1:03 to move upstream through the culvettK At S ¢S R2y Qi 1Y
hydraulicconditionsduring thatéspecifichoure of movement (19:420:46),the daily recorded

metrics during this period were estimated rangeasfollows: stream dscharge0.2 to 1.4 cfs,

baffle water depth2.5to 5 inchesandnosewater velocity 0.7 to 1.6ps(Table3; Figure B).

Fish #486noved upstream on October 8, 2017 (8:02:41) and subsequently downstream from

(11:28 to 11:44) Conditions were very static during this time frame with a low stream discharge

of 0.3cfs, baffle water depttof 2.5 inches and nose water velocity of 0.8 fpable3; Figure

16). The main takeaway from theseovements was that passagecured at less tharthe

minimum design water depth of 0.5 {6 inche$ and withinthe defined desigmanges of

16



prolonged andourst swim speed criteriaResearbers have showa pasitive correlation
betweensuccessful passage aatkvatedmotivation, e.g.spawning(Goerig and Castr8antos
2016 which may explairsuccessful passagless than desirable water depthél/e wuld not
with confidence delineate thepecifichydraulic conditionghat fish experiencedluring passage
events on October£25, 2017 as discharge rapidly increased from 0.2 cfs to 6dudfyy a
storm event.

Figurel6. Estmated hydraulic metrics at the 1st baffle during movement
eventsin 2017.
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Transit Times

In 2017, the mean transit time of upstream movements was %280 (Figure 7), with the
minimum and maximum timelseing0:38 and 3:03, respectively Converselythe mean transit

time of downstream movements was00 + 4:00 (Figurel?) with the minimum and maximum
times being 0:09 and 11:44, respectively. The downstream movement meahigiigskewed

due to the 11:44 movemeritme of Fish#302 on September 7, 2017 thisoutlier movement

event is eliminated from the data set, the downstream mean transit time for 2017 is reduced to
0:12+0:05 and appears to be more representative of downstream transit times for the
monitoring season.

Movement Time of Day

Unlike2016, general trends in movement by time of day were not that apparent in 2017 due to
a limited amount of data (FigureBl. Downstream movements were somewhat more
pronounced during the 11:00 to 14:00 timefrapreetrend also observed in 2016
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FishwayOnly Residency
Fish #442 was found throughout the entire 2017 study season to move within the fishway being

located at eithefFishwayPool #1 orFishwayPool #6. This was the only fish in 2017 that had
spent residence timeavithin the fishwayanddid not move upstream through the culvert. Fish
#477was found bymonthly mobile searches to reside within the fishway outlet pool.

A spawning redd was discoveredHishwayPool#6 on October 21, 2017/ {gure D). It is
suspected that spawning involved at least two tagged fish, Fisha&@3@Rish #486 which were
located inFishway Pool #&t similar times duringhe October 18 through Octobetl
timeframe. Fish #442 wasot thought to have been involved in spawgiwith Fish #302 and
Fish#486 since itvas found only aFishwayPool #4 during the Octobed8-21 timeframe

Figurel?. Transit time or net total time (expressed as hours:minutes) for fish to tr
upstream or downstream through the culvert in 231
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While spawning within the fishway was unexpected, this event documented the benefit of
introducing natural substrates into the fishway to make this infrastructure more habitable for
fish. In addition, deep water available within the fishway pools alswigea habitat that

18



generally was not abundant within the Tributary to Lyman Brook; thus, encouraging Brook Trout
to readily reside in the fishway.

All three fish (#302,#442 ,#486) left the fishway during the rain event from Octob2b 2&en
the fishwayovertopped. In general, there was a trend in downstream dispersal o&fish
October spawning.

2018 Monitoring: Culvert Movements

During 2018, the third year of monitoring, we tagd&dBrook Trout in the study arello prior
PITtagged fish were@ecaptured.We documented & movements through the culveraigain,
fewer events than observed during the 2016 monitoring season. This inckigbhtseparate
upstream movements ansevendownstream movements involving four fish. (Figa Table
2). Most (73%) of the movements in 2018 involved F#844 which made a total of 11
movements through the culversixupstream andive downstream.

Fish #544 moved upstream and subsequently downstream within a 24 hour pefiodr at
different occasionsrThis fish was able toavigate through the culvert durireyvariety of
hydraulic conditions, exhibiting an almost learned behavior as the culvert did not provide an
impediment to passage.

Similar to prior years, activity and movements trended with increasestreamflow (Figur20).
Monitoring year 2018 was extremely was$ indicated byhe sawtooth hydrographwith the
fishwaybeingovertoppeda total of6 times. Amazinglylows exceeded 1.2 cfs ftie entire
month of October,representing a valuéour timesgreaterthanthe averagelischargeof 0.3 cfs
observed in 2017As seen in 2016, themasincreasedactivity in late September through mid
October when fishvere seekingsuitablespawning habitats.

Figurel8. Movement event frequency ajccurrence by time of day in 2017.
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Figurel19. Spawning redd found withifrishwayPool#6 on October 21, 201

Figure20. Total number of upstream and downstream movements through the
culvert versus Unnameiiributary to Lyman Brook Discharge in 2018.
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Fish Movement and Culvert Hydraulic Conditions
We documented several fish moving upstream through the culvert dinigig discharge events
in 2018as opposed diing 2017 when fish passage oceed at lower dischargesFish#544
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moved upstream on September 28 when the galischarge reading was 6.3 disflow in which
the fishway is overtoppednd the culvert experienadull width éstreamingflowé conditions
overthe baffles. Streaming flow occurs when the predominant flow skims the baffle tops
creating an isolated circulation cell between baffleang and Cashman 2Q0%hurman and
HornerDevine 2007) Qulvert baffle metrics at this flow werestimated as: watedepth of 14.1
inches and nose velocity of 2.35 f{able3). Fish#586 moved upstream on October 12 at a
discharge of 5.9 cfs and water depth of ABichesand nose velocity of 2.8bs whereagish
#561moved upstream on November 6 at a discharg8.bfcfs, water depth of 12.ihches and
nose velocityof 2.2 fps. The takeaway from theseesults were that Brook Trowtere able to
succesfully move upstream througthe culvertthrough fairly rigorous hydraulic conditions.
Backeddying below the bafflesiost likely provided resting areas with lowé&an predictive
nose velaities that helpedfish ascend the culvert.

Transit Times

In 2018 the mean transit time of upstream movements waS11t+ 1:20 (Figure 2), with the
minimum and maximum times beingd&iand4:41, respectivelyMean transit time of
downstream movements was skewed by the individual movement of Fish #hdeh took
30:14duringSeptember 2586, 2018. It was our opinion that thiextendedpassage event
represented more o& dwithin culvert residencébehavior As such, this outlier movement was
eliminated from the calculation of the mean that resulted in the mean transit time of
downstream movements being 1:#51:31(Figure 21)

Table3. Summary of predicthydraulic metrics duringpstream fish passage in 20138.

Baffle Metrics
Fish ID Dates of Fish | Weir Discharge| Water Depth Nose Velocity

Movement (cfs) (in.) (fps)

302 9/6/2017 0.2 2.4 0.7
346 9/7/2017 1.4 4.7 1.6
486 10/8/2017 0.3 2.5 0.7
302/486 10/24/2017 3.8 9.1 2.1
544 9/25/2018 0.4 2.7 0.9
544 9/28/2018 6.3 14.1 2.3
544 10/10/2018 2.0 5.9 1.7
586 10/12/2018 5.9 13.3 2.2
544 10/13/2018 3.2 8.2 2.0
544 10/17/2018 2.2 6.3 1.7
544 10/24/2018 1.4 4.7 1.6
561 11/6/2018 5.5 12.2 2.2
561 11/9/2018 3.1 7.9 1.9
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Fgure 21. Transit time or net total time (expressed as hours:minutes) for fish to travel
upstream or downstream through the culvert in 2018.
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Movement Timeof Day

Brook Trout were less active after sunset and during the overnight hours as observed in prior
years (Figure 22)While movements through the culvert occurred throughout the day,
downstream movements were more pronounced over a longer period frorQlto 18:00.

There was a minor peak in upstream movement activity during the early morning 6:00 to 7:00.

Fishway Only Residency

There wee three Brook fiout that only resided within the fishway in 2018. Fish #553 entered
the fishway on September 10 aieft on October 31, spendirfell days within the fishwayfish
#558was found within the fishway on Augua8 during the beginning of 2018 monitorira;d

left on September 16or a residence time of 20 day&ish #590 waalso found on August 28
within the fishway and left on November 1dr a total residence time of 79 day#/hile Fish

#553 and #590 were located within the fishway during the expected spawning timeframe, we
did not observe the construction of any redds within the fishway atadfound in Fishway

Pool #6 ir2017. It should be noted thahigh flow events that occurred during the spawning
period created unfavorablebservationconditions
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Upstream of Culvert Movements

Unlike prior yearsywe documentedPITtagged fisithat were detected at the inlet culvert

headwall and upstream antennéizat nevermoved downstream throudy the baffled culvert.

These were usually very brief detectionBish #554 was located tite inlet upstream antenna

for 16 minutes on November 11 Fish#576 was located at either thialet culvert headwall o
upstream antenna iermittently over a 24 hour period-ish #592 was detected twice on
September 4 at the upstream antenna. Of interest, all three of these fish had been tagged in the
stretch of brook éaboveithe culverts.

Figure22. Movement event frequency of occurrence by time of day in&01
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Monitoring Culvert Movements Summary (2018018)

Over thethree year monitoring periodwe documented a total of 67 movements upstreand
downstream through the culvert that involved a total of 17 tagged fish (Figure 23). As previously
mentioned, the increased frequey of movement occurred in late Septemhiiemmid-October

when Brook Trout were seeking suitable spawning habitat (F2@)e

5§

wn

Movement Group Type

It became apparent that there were definitive trends in Brook Trout movement through the
baffled culvert over the three year monitoring period that could be characterized. Ten fish
(59%) only made a single upstream and/or dowasin movement for a total of less than 2
overall movements (Table 4.) An example of this type of behavior is shown in Figure 24, in
which Fish #302 spent 21 days in the fishway, made a single movement upstream through the
culvert, spent 12 days upstreanuiing the spawning period, and moved back downstream
through the culvert subsequently spending time within the fishway before dispersal in early
November.
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Figure23. Total number of upstream and downstream movements through the cul¥eym
20162018
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Table 4. Summary of Culvert Movement Group from 22068

Culvert MovementTypeGroups 2016 2017 2018 Total
Group A 5 2 3 10
Single upstream and/or downstream

movement,

< than 2 total movements

Group B 3 2 0 5
Two to Three upstream and/or
downstream movements
< than 6 total movements

Group C 1 0 1 2
Multiple upstream analownstream
movements
>10 total movements
Total 9 4 4 17
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Figure 2. Example of single upstream/downstreamovement group Fish #302 in 2016.
Antenna number as follows: {Entrance to fishway), Aculvert outlet :Fishway Pooit6),
3 (culvert inlet) and 4 (upstrearnhanne).

Group: Single Upstream/Downstream Movement
4 |Channel 1
12 days
Upstream Upstream
= 3 Inlet U l
=
Z Culvert Culvert
lg 2 Outlet
Fishway Fishway
1 Entrance
9/1 10/1 10/31 11/30
DATE

Five fish (29%madeonly two to three upstream and/or downstreammovenents for less than
sixoverall movements (Table 4This group typically moved upstream and subsequently back
downstream through the culvert within a 24 hour perio#in example of this type of behavior is
shown in Figure %, in which Fish #%, whit mainlyresided in Fishway Pool #troughout the
monitoring period made relatively quick upstream and downstream movements witk? day
period beforedownstreamdispersal in late October.

Figure . Example otwo to three upstream/downstreammovement group Fish #36in
2016. Antenna number as follows: 1 (Entrance to fishway), 2 (culvert outlet : Fishway Pool #6),
3 (culvert inlet) and 4 (upstrearnhanne).

Group: 2 or 3 Upstream/Downstream Movements

Fish 376
a Channel -
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] 3 Inlet I
o
g Culvert l
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DATE
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Two fish (12%often moved upstream andaosvnstream within the culvert multiple times over

the monitoring period fomore thanten overall movements (Table 4.) An example of this type
of behavioris svown in Figure 26in which Fish344 made elevemovements through the

culvert within a one month p@od. While thistype of béhaviorwas atypicalit indicated the fact
that these fish could readily move upstream and downstream under very variable streamflow
conditions.

Figure 26 Example omultiple movements foiFish #44in 2018. Antenna number adollows:
1 (Entrance to fishway), 2 (culvert outlet : Fishway Pool #6), 3 (culvert inlet) and 4 (upstream
channe).
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Transit Times

Approximately 72% of all upstream movements through the culvert duringhitee year

monitoring periodoccurred within a 2.5 hour periogFigure 27) Conversely, 65% of all
downstream movements through the culvert occurred with a one hour period. We suspect that
this apparent difference in transit time was due to fish movement against streamflow
(upstream)versus movement with streamflow (downstream). There were adata points
whenfish took much longeperiodsto move throughthe culvert TheseBrook Trout(Fish #376,
Fish #302 and Fish #544&re most likely spending residence time within the culvather

than actively swimming against or wistreamflowsince they had previously made several
positive movements through the culvert in time periods less tbaahour in length (Table 2)

Movement Time of Day

While movements through the culvert occud¢hroughout the day, Brook Trout were less
active after sunset and during the overnight hours, especially frommigind until 4 am in the
morning(Figure 28). Activity increased in twilight hours when the most frequent upstream
movements were observed the early morning during the 5:00 through 10:00 timeframe.
Patterns of increased activity for downstream movements were not as pronounced with the
frequency of movement events occurring over a much longer period from 10:00 to 18:00.
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These trendsvere different than observedn other studieswhich have found that salmonid
activity and movements can be more pronounced after dusk with a sharp decline in activity
during the day (Goerig and Cast®antos 2016; Roy at al. 2013).

Figure 27. Transit tim&equency of occurrence or net total time (expressed as hours:minutes)
for fish to travel upstream or downstream through the culvert from 202618.
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Figure28. Movement event frequency of occurrence by time of degm 20162018.
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Trash Rack Performance at Inlet

As mentioned, aeflect and collect trash rack system was constructed at the inlet to minimize
debris accumulation in the baffled culvert. The trash ragstem experienced its first test after a
large stormevent in late October of 2017. Heavy winds associated with this event resulted in
many downed treesn Comecticut. The primary trash rackas observed teffectively collect
largewoody debris that would have otherwiddocked the inlet of both culvertd-igure 29). In
addition, the secondary trastackcomprised of rebawas effective ircollecing smaller debris
that would have otherwise ended up within the baffled culvert potentially become lodged and
negative impacting fispassagd€Figure 30).

Based uporour evaluation over the thregrear monitaing period it is our recommendation that
the simple verticatebartrashrackinstalled at the inleof baffled culvertsvould helpminimize
awithin culvert debris accumulatiopespecially for smaller aineter culverts, less than 5 feet in
diameter. That being said, periodimaintenance by Fisheries and/or DOT sitill be required to
ensureremoval of debris from the trastack.

Figure29. Accumulation of large woody debris on primary trash rack after October 2017
storm event.
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Figure30. Accumulation of smaller woody debris on secondary rebar trash rack after October
2017 storm event.

Mobile Search Results

Althoughfishmovement downstream of the culvert wast a primary study objective, we
attemptedto documentanylarge scale movements for Brook Tronibving betweerthe
mainstemof Lyman Brooknd the Tributary of Lyman Brookor sudy year 2016, we
conducted a monthly mobile search$®ptember and November and in 2017 during the
months of July, August, September and Novemiddobile searches were not conducted in
2018 due to equipment malfunctiorEach search involveah approxinate 0.6 milestudylength
in the mainstem of Lyman Bo& and 0.5 mile stretch in the Tributary of Lyman Brook.

We documented only amall numbeiof fish (Fish #306¢333,#349 and #484that moved
between the mainstem of Lyman Brook and the Tributafrizyman Brook or vice versehis was
somewhat contrary to a studgonducted by Kanno et &014in the West Brook stream
network, Massachusettshat showedBrook Troutemigration from tributaries was common
with about athird of individuals (283%) moed between the mainstem and tributary habitats
within their life cycleOurresults were not thatonclusive givethe lack of effort and also the
fact that fish may have escaped mobile detection during higher stream flow ewéeis
detection efficacy isower. Kanno et al2014determinedthat higher movement rates were
detected when individuals were tracked ovengertime periods andarger studylengths One
noteworthy track was the mvements of Fish #4844 2017which exhibited some large scale
movements(Figure 31).This fish had been tagged in the mainstem of Lyman Brook in June
moved into the tributary to Lyman Brook and upstream through the bafldvert sometime
prior to the 2017 stamip to monitoringwas discovered moving downstream thghuthe

culvert during the Octobe25 flood event andubsequently found upstream in the mainstem of
Lyman Brook in November. This track involved a minimum travel length of 0.9 miles.
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Figure31. Summary of widespread movemés of Fish #484 between mainsteaf Lyman
Brook and the Tributary to Lyman Bok in 2017.
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STUDY CONCLUSIONS AND KEY FINDINGS
Main takeawaysor this study are as follows:

1. Over thethree year monitoring periodwe documented a total of 67 movements
upstream and downstream through thmaffled culvert that involved a total of 1PIT
tagged fishincreased frequencof movement occurred in late Septemtermid-
October when Brook Trout were seeking suitable spaghiabitat Movement events
tended to be associated with rain events and subsequent increases in stream discharge.

2. In general, there waatrend in downstream dispersal of fish within the Tributary to
Lyman Book after the October spawning period. Thigay indicate that Brook Trout
were seeking more viable overwintering habitats in the mainstem of Lyman Brook
where deeper waters are available and less likely to be impacted by anchor ice.

3. Corner or sloped baffle design for round culverts successfullggzhBrook Trout at this
location. It is recommended that sloped baffles be utilized at future culvert
modification projects since sloped baffles appear to offer more favorable passage
conditions under a variety of streamflow conditions as opposed to simpbtch
baffles that have been utilized at sl past culvert modification projecis
Connecticut.

4. This study attempted to identify specific hydraulic conditions Brook Trout experience at

the culvert baffles during passagn 2017, fish were documented at moving through
the culvertduringvery static low flow conditions with a stream discharge of 0.3 cfs,
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baffle water depth of 2.5 inches and nose water velocity of 0.7 fps. These movements
occurred at less thathe minimum design water depth of 0.5 {6 inche}.

Spawning within the fishway documented the benefit of introducing natural substrates
and providing deep water within the fishway to make this infrastructure more habitable
for utilization by Brook Trout, especially as a staging area prior to spawning.

It isapparent that there were definitive trends in Brook Trout movement through the
baffled culvert that could be characterized. Ten fish (59%) only made a single upstream
and/or downstream movement for a total of less thtamo overall movements. Five fis
(29%) made only two to three upstream and/or downstream movements for a total of
less tharsixoverall movements. This group typically moved upstream and

subsequently back downstream through the culvert within a 24 hour period. Two fish
(12%) often move upstream and downstream within the culvert multiple times over

the monitoring period for a total of more than 10 overall movements. While this type of
behavior was atypical, it indicated the fact that these fish could readily movecans

and downstreamundervariable streamflow conditions.

Approximately 72% of all upstream movements through the culvert occurred within a
2.5 hour period. Conversely, 65% of all downstream movements through the culvert
occurred with a one hour period. This apparent diffgce in transit time was due to fish
movement against streamflow (upstream) versus movement with streamflow
(downstream).

While movements through the culvert occurred throughout the day, Brook Trout were
less active after sunset and during the overnigbtirs, especially from midnight until 4
am in the morning.Activity increased in twilight hours when the most frequent
upstream movementsvere observed in the early morning during the 5:00 through
10:00 timeframe.

Results of this study will hetpuide fsh passage design features at futurgdvert
modification andsliplining projectsBased upon the success of this collaboratiasthb
DOT and DEEP should contifuiat efforts to pursue innovativeulvert design
modifications Specificallyconsideratian should begivento instaling pre-fabricated
fishways at culverts that are severely perched. The use efgtrécated rather than
castin-place concrete fishways will reduce overall project cost and expedite
construction. It is recommended to find aiable site(s) to install a préabricated
fishway (type to be determined) and monitor fish movementsRiia tag technology
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Appendix A. Summary of Culvert Design Features

Culvets
Length: 262 feet/Slope at 4.5 percent
Diameter: Twin 72 inch corrugated metal culverts
Outlet Perched freefall: 1.5 ft.
Watershed
Watershed size at crossing: 8.7
Stream grade: Above:. %% Below: %
Culvert RehabilitationProposal
Sliplinewith 60 inch polymer coated round corrugated metal culverts. Smaller 60 inch pipe
required due to pipe deformities. Invert to be raisgdnches.
Fish Passage Features
Target speciesBrook Trout
Prolongedswim speed=1.3 ft/s
Burst swimspeed= 3.1 ft/s
Minimum depth of 0.5 ft.
Corner baffle system
AngledHeight: 0.5 to 1.04 ft
Facingbetween baffle = 5ft.
Average daily flows
Directed into baffled east culvert
Flood flows
Conveyed into both culverts
Concrete pool/weir fishway at outlet
6 pools/weirs at 4 inch drop per pool.
Three inch backwater into culvert.
Weirs rotched (2ft. x 1 ft.) with weir board slots.
Fish divesion wall and scour hole at westilvert.
Boulder grade control weir below fishway entrance to prevent headcutting
Customdeflect and collect trash racystemat inlet to mnimize debris accumulation in
baffles.
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APPENDIX B. CULVERT MODIFOMAND FISHWAY DESIGN
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Fish Passage Flows (from FishXing)

Maintaining fish passage through culverts during flood flows is often impracticable and unnecessary. Extreme
low flow periods may also present problems for providing fish passage, and short-term barriers to movement
may or may not be important to the survival of species present. It may not be necessary to provide passage at
extreme low flows if fish are not attempting to move during this period or if naturally occurring stream conditions
limits passage between stream reaches. For any particular species and lifestage the Low Passage Flow (QLP)
and High Passage Flow (QHP) define the range of flows to be analyzed by FishXing. These are determined
locally or regionally based on knowledge of movement patterns of the species present.

Some states have developed guidelines for determining Fish Passage Flows. For examples of guidelines see
the “State and Agency Flow Guidelines for Fish Passage Flows” table in the Flow Guidelines for Fish Passage
Flows section.

Low Flow guidelines determine the depth threshold for passage and are based on annual or migration period

exceedance percentage from a flow duration curve for the 2-year, 7-day low flow.

High Flow guidelines determine the velocity threshold for passage and are typically based on annual or
migration period exceedance percentage from a flow duration curve.

State and Agency Flow Guidelines for Fish Passage Flows

High Flow : : :
State / Agency Eanaihy High Fish Passage Flow Low Fish Passage Flow
"Q2d2" the flow 24 hours before
Alaska Qs Or Qroo or after the 2-yr flood None
Q100 10% exceedance flow during
Washington migration period: species 2-yr, 7-day low flow
w/ debris specific
10% exceedance flow during
migration period: species y ” =
= 0.18*(Q2)+36 where Q2>44 '
cfs. where Q2<44 cfs use Q2
for adult salmon & steelhead 1%|for adult salmon & steelhead, the greater
NMFS SW Qioo annual exceedance flow or 50% fof 3 cfs or 50% annual exceedance flow.
Region Q2. For juveniles, 10% annual |For juveniles, the greater of 95% annual
at HW/D =1 exceedance flow exceedance flow or 1 cfs.
0/._109,
California Dept. Qoo slandamianly from 12 10/’ standards vary from 50%-95% annual
: annual exceedance for various : -
Fish & Game exceedance for various groups of fish
at HW/D =1.5 groups of fish
NMFS NW 5% exceedance flow for period [95% exceedance flow during months of
Region of upstream migration upstream migration

Although the above table shows different criteria for different States and regions, they seem to be generally
close. The most commonly used criteria appear to be 10% and 95% exceedance flows (during the migration
periods) for the high and low fish passage design flows respectively. As Connecticut does not have specific
guidelines on determining the fish passage flows, it was determined to use these most common values.

Fish Low Flow:

Fish High Flow:

95% exceedance during the migration period.
10% exceedance during the migration period.
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State Project No. 172-392, Str.06689

KNOWN DATA
Probability Discharge (CFS)
of . from
Exceedance| StreamStat Somputed e
99% 0.69
95% 0.98 F.P. Low
90% 1.23 1 ]
75% 1.68
50% 2.51
25% 4.02
10% 5.46 5.5 |
5% 6.74 F.P. High
1%

Habitat Forming (Mar.-Apr Flows)

y=CxEXP(pxF) = Z587Ze NI

e 5.46 cfs
for 10% Exceedance
C= 2.5872
p= 0.5821
y= discharge
F = x-axis value of return frequency
= 1.2816

F of 1.2816 equals to Prob. Of Exceedance of 10%

10 ‘
10%
Exceedance
Pt
Q=5.5CFS
Ak s il
95% / LI
Exceedance
BEIOCES [ -
1
2
= y = 2.587305626x
21
2
o ¢
0.1
99% 95% 90% 75% 50% 25% 10% 5%

% Exceedance
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