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ABSTRACT

Longitudinal connectivity is essential for
speci es. However, barriers to fish passage, s
l eading to declines in speci¢ealpepalwat ngndaly
passage structures play a critical role i n mi
conducipasodgélae get species. This study evalu
st-ppol -hiakerffushway d$tor the passage of Yell ow:
compahryidirgmo deits strhdee si gn pglharse wihtatie uts eGP.S sur ve
This comparison can be thotulgdhtdeodarqesn m@leda msates
ot hhei stcomidean d ntshe surveyed conditions represe
t weyear sUtl ialtiezi nRIALZDv eHrEsC on 6. 3. 1 fmodéalysdraul i
i nditchaatte bot h surfaces were |ikely effective f
and velocities for the target species across
degr adatsiteerppoibn rt hset ruct ures over time, | ikely
events, sedimentafifentsand@hpetehtndl ngsehave
future design considerations and provide valu
fishway structomnes in field applicatd.i



1

CHAPTERE

| NTRODUCTI ON

This study ad@aihms exd easttag gabmdiuirdeesd way ( NLF)
installed in Rock Creek, a tributary of the Yi

eastern sl opes of thhaes Gahlal nagtei dnT bMpeustitegiinmé rias g e

situated nearRotchke Crdadetefkl veenhdc e wst one Ri ver, and
beneath a bryredtgewshowe OFdi l Road, approxi mat
MontasiashbBiwgur d&nlt i | Ocaiolbreoradl 917i9nea ¢(rMassed, Roc

199R )cul vert that remathedraéieoeddasommessondil
transporting waltrdan | urochar n e aateh tithe was deter min
upstream fish migration, par©Oncathyhghos$ déhtl
bouwvi.erlin 2Ppbd0] &aL&§t wpys daesignE@Mi rBhaekt &l

Col emangnd®0slDhsequently constructed in 2011. A
2013, wutil i zi ntgr apnasspsoinvdee risnt(eRglirTa)jt,eddemonstr at ed
Yel |l owst one CYCThrrowgh TifCautfEindhwayt t, personal
December.The P0Z2data summary table Oseprohede
12 yeaaosnsptorsucti on and 10 years since the | ast
edureexdt r eme hydraulic events, sediment | oading
empl oy hydraulic models usinH@anOapimatoEbuit onme
condidndonsogmpasiel i Htembdeéeimatcusreent GPS and LiCLC
survey dat ahatnog eafsfseenstsi vtehnee scs of t he structure

YCT
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Natioethe Yell owstone Ri YET epnes@&mdkda hRi ver
spatial ly di st r(iMeuyteerd estp edchieeys RoffQ ét)rfoaucted a dec
and di str i buhtiisotno rwichahliinn éehgeeitro human di stur ban
activities contributing to this decline inclu
access to areas suUmPporGriemsg wdladmgs , 11945er sh,i sa rod yr

create i mpassaPlear brarendreadd®@®ovialsibf obstruct
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remediation techni gueRdmir ete sallo.w,e nT kSO)omre ct & v i
hydraulic structures prevents thbBPicBmpHdaessare
al . ,. 2ORd)CrTfocaltpiyedyY17, 800 mil e¢ Eoafli sbt €amt ac
2016)As of 2011, 31% (2155 km) of their histor
2011) . Exi st iyYnCgl rmp ohpeud dawt a toenrs sotfr eams have preve
an endangdmRed Es p &¢ ies sReesltlo,r a20 1oln) proj ects betyv
related to these trout mainly focused on i mpr
bod{Esdi cott. et al ., 2016)

Whil e there iscenbsttlhherhdeadi gre seermd cthydr aul i ¢
step pool fishways, most of it is conducted i
dynamic (CFD) software and generated surfaces

rocks and knoswthu il op esf.t efrhedier ect |l y expl ore tt

and sl ope correlated with hydraulic outputs.
outputs in relatiogetospleei per fsddualmatveerea tourhea rtier
explores hydraudpiool cédmndiwiagrees!itbntf etthaeregbeite | sdp eacsi €
bi ol ogic performageei anpnd fishway

Laboratory studies have be&mladrddc t&e dC ham d
(2028¢d CFD software and flume in | aboratory

structure f oBrakWesdateranl .Gha(txs017a, 20usred Q@PBRO) ;

software to evaluate how the geometry of rock

(7]

pedciuepsf.er schmi dtcr& aZhkpuw,ost2Plck) ramps in a fl ur

out flow cUfaelalcepnré@®@@&%b.a hydraulic model of
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fishway model uBu ppgn ,CUO8 BDER Svalrees ed survey eqgl
bat hymetry of a rock r aRS f2 B htwoa yc raenadt ee nhpyl doryaeu
evaluate the efficacy of the fishway for a ra
uncertaint gptipopdaiFds bbwnge over ti me.

| hits wdécwdy t r utcetrerdaidnm emo dteHe desi gn pl ans f ¢
Rock Crepkethamstt otrhec Wehtectted GIPIB tshue veymmar a
2023 contsdrrmecitr@meép r ecemtriemg s. c drydlirtaiudn ¢ model s
devel oped bwirttah g ovicher cier Mii gt cwdhradigteison no ft hteh |
fishwaeyr time. We examinedntdhdedahhgtmedéddtci matd e |

original e#&nh docfa atiyhraess nNeL Bfsiasghe psat r uct ur e.
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CHAPTER TWO

LI TERATREREI W

Modeling Rock i ReampfFi Nawaryes

Dams and weirs have been constructed on ri
igation, flood control, hydir oBdledda s sar pe wel
1l Akdece hnebs ogmetrigesile wat er waiyniitmpaeldli ymednetssi g
hout provisions for fish passage. Efforts
Os in Europe and expanded to North America

directed t owakKadtso psoadinso n& .dWiBlelsiicgmess, f 20 1 2 ) st

uctures included collection and transporta
hpe fish passeslilkandbypandasal llynintaitalr edes i
venti onal ncarteetrei aodr swocohd ,asascodhesi gns wer e f

erine (ekatiampndnesntearaly. ,f i2s0hOwla)y by pass tech

geted | arger impeding structures. However,
l ders in impaired streams effectively prom
rusi yKadepbdns & . Wi lliams, 2012)

Stepol NLFs consist of | argethatksacaraanwe
se weirs, combined with areagppafoplravatsel ope

maetersdgmekcow t hr otulg@rt onvoitdceh elsocati ons with su
ropriate velocity for swi mming. Larger roc

re water i s dgeyp,0naeryd exelabdei, f @I0I0eAiwlinegwss e c t
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|l iterature on the hpdolauNLEscompowell oms of he t |
the fish they were designed for.

Tupen gRa0I2Wgt ed the effectiveness of a NLF
usi NngRAEC -di mapnsi onal hydraulic modeling soft\
conditions were compared to swimming capabil.i
Saugarnd@nadensBusoh @ | Ghhannkett €t f u)s,hpaimadt at u s
Smal | mouMihc rBoapstser(us demmpeni @uur e, pressure, and

using Onseid H@B@ U®PQgers that were placed in

wel | s. Each stilliggutghkedt wdshbousreva tiadmaea au rse A
for discharge calculations. Survey tpiodmst s wer
water surface el evation. Fcowatedessi mgotuhle U

m dsemeéti oomd duri ng pehdeio-ades®e tofod odvurfil ogv, peri ods
fl owt hlfeo-geenret hod when water ddeipé hchammelvelmnsalt
access. Channel roughness was characterized u
Topographic surveying was used to create DEM
swimming metrics from axddreidmerrytdd lauéwwah u derseud It
the efficacgvef the faspgwahhugee kxdhi dbgtapgh pa
capabilities over a range of all flow rates w
Bass were only able to pass in |l ow flow rates
(Ufellese@0BBdavm@BWDt, atai on a(CFHd aifi tdwadryen,antiac mo
rock ramp fishway with ewariyrange fsplacspseh baened tfwl rogwe

species. The target sPkat ggob)nol Ayrdkeadn dd sa t eaeratde
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(Et heost o)ma amd dBotnndunreuwcsa tf Wae@lulse 6s CF Dnanofdwellls we
scale | abor at opphyy sficosahlsiaywy nd b &l a Swaasrerd, . Dig2 01 8)
CFD model pesti masedf depth, velocwhychawer EKE
validated using measurements takédhelfremcomeu @
a mesh dependency st @sdeynstiot iewiatl yu attce mehseh rs ineoidr
model water surface elevation to empirical da
associated with smaller mesh sizes. Model sen
effect roughmewat dire ivzalintifodna e Mwolldeeweodva s u bt s on i n
d opeom 2% t o ilsthdwaiyn dtielsdué¢ tveatlcesi tiines and depth
0.051 m to 0.068 m for depth and 0.272 m/s to
from 0.003 J/ kg on the shall owest slope to O0.
as velocitieasriemstelde dfuieshways libpes t hkefyshwap
passageTéues chsisgshdtyihghtisnportankbgdofdmobdeteggawi nlg
empirical wvalidation to inform thef deddiegn iared
fishway desi gn

Kal athil & Chaepdtagal2e@d3) hepopl i (mMdULF ) su gint
Fl oowDyldr ovlee i ¢tay get s pecwerse offr d shrewastteurd yf aun a
Westerme@mhains of I ndia which dbesesféedhofvei® b
whil e swimming in a rectangular flume that wa
Three flowrates wer e 3uws edlheO.btd, sd.op3k, wamsd ch.o
gravel bed structure was composed od tshenes r

weirs were created using stones ranging from
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0.14 m and the crest from the downstream bed

and 0.14 m. Metrics used for assessment inclu
(TKE), and an energy dissipat iwams ftadckteonr acsf at h
magnitude of cartesian coordinates in three d

mani pulating the ratio between weir opening t
velocities suitable for targetmadpeaita o dlst lda u
achieve in field deRdsgena rdcuheerrtesa tnsontigeedr mé¢ s ngi cuir
di fferent geometries could be a useful tool [
reduction in weir width to channel width did

i deal dept hs waixli enurme svterl iocctiitryg tthreugh t he stu

This study shed | igpobodbngebemeit mpoanadncdeoki gn
curfves hydraulic parameters when considering
(Kal at hi |l &. Chandra, 2023)

Hydraul i ¢ rpaodlmedL Fsn vedBemgk ie xetl ol teak iblyg0atw a)
i nfl ukbtaltee channel confpiogpdr dtriedre rireeidr @ i Iatse gipreor
passage struTtherebijhgdtriawe icfs.t hi s study was t ¢
influences rel at-dionscihapge Hyndd e |i otesip tvwe.r e e x p |
three different weir I|l-wagiontfsaciTirvesiep d tay@iaumg V
downstream, and a crossbar rock ramp. The cro
orthogonal to the dsedcANSYS 0CF Ka OGPOO Frhced esltiundg
softwar e, -vuosliunnge ao ff ifnliutied ( VOF) based esti mat:.

Using the three weir configurations, slope, f



9

met hodol oBgkal eowaldt.gq plRéOnlgriafrgansi ti onal , and
regimes in the study. Further, maximum veloci:
while simultaneously illustrating the i mporta

of this study tporwoavriddse d nitnesgirgant i on of fi sh pass
perfor mance.

Baki et aekpan@2g@1dh) Baliuretkh pdtid.ree e(f2f0elc7tas) otf
channel g e opoedt Ir yh yodhr asuleipcs t o determine appr ocg
context of fish passage needs to develop desi
CFD modeling to spiomoull ageeso nieittrhievami eslt esp opes,
heights. ANSYS CFX (2015) and VOF were used f
study had the same properntBiaks a&g. talilee stRdds ame
analysis | ooked at water depth, velocity, fl o
metrics. Swimming metrics for generalized tar
swimming veekotitwaesrd&termined that b2d5 sl ope:
ti mes width, and weir heights O to 0.125 m pr
mi grating and . elstt i masp omdptadad otgh agtr e  tweeri rt han 2
wi dth reducedf tlhew aweali d aibtsy frt ggsnvtoirre@ i 2nerse ap pr o
dep.t hsSl opes over 5.5% resulted-wen rvselfoacciitnige s
upstream produced the most favorable conditio
than 60A performed the best. Howmparedat m ahp
parameters. Foll owing the guidelines derived

pool fishways that provide suit aibdreathiyadm.aul i c



10
Baki et faulr.t,he(r20e2x0p)l ored t he hydrpadli c i mpa
fishways to develop relati ondgsihs qphsarbged , weaeemd wed t
velocity in uniform-GHXW. orThdal suluatyi awwrs eaf AMBT

t urlbence model used T@drcauwmel sd meirtah KWOB wase kL

D

kinetic energy and is the turbulence dissip
0. 0mM0O8Mesh sizes of 2.5, 2, aergebdBnetemswedyg @:
results were found to be nearly identical for
byak.i et ,ald8rki 20t 7allwiwel 21 Tka) i ng upstream a
| ocations not on the centerline. Variation in
anal yze vel octiutribeusl,e ndceep tdhiss,siagwnadt i on i n pool s.
this study were strictly weir and transitiona
ms) and higher tra®™Y%itiMaxalmuMmo.vEkl otco t¥F. Wasml o
for all configurations and flow rates. Furthe
velocities and décsessedyf labtnsdpedrepples ednwedr f
overedicted transitional ftlsowt ovhamp rusx inmga tda sfcl
t hrough wBaki net cthhkeuss, p(r200p200s)ed a r el ati onship
overtoppi ngpofollows tfrourc tsutreeps .

Il n a similar st udByakfiur& hAezri mcmwnd S2t@ikglatt @ d nisy,
regi mes, and hydraulics were exploredefor two
facing upstweeiarm, Naon dnuameWw i c al model s were deve

however the study vent ulrheed ptua piomrscel wde tthhesm airn

consolidate relationshi(Bakanetcancl, u2i0diwvsa,der0
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A study cBogdbetedhmmydtcr&aZtewd, phdGli-padl mode
geometries that hav(eBakimidtaraTda,rsfarOQELsftesgtr icdin 2 ste
Doppler velocimeter to measure velocities to
di scharge, Reymnmol esppwddestsi,ca.ndA fl ume with 8.
width, and 0.6 m height was used during exper
weirs that had equal spacing of 0.9 m. Weirs
arm angl eihbas twhe @6A for -26A Upstrleaemddacs ng
wei r, atnhde Ohfo rfiozront al . The material of the wei
i ngeoemipheri cswilt s hamper adh aistghedtti cetk.tlenhcddemd above tt
channel -bewr d&xpeéryi ments were conducted with I
di scharge from 30 to 150 | /s. The ADV was use:

and 0.07 m transver steleyacwh tshamplme soift ec od q ueaclt it

(7]

| ope coupled with alll ftfloowMO0Or dt/ ss pgroadaitcerd ttha

-

egimes for all geometries. Mean and maxi mum
and downstream weir geometries and | ower wvalu
configuration. The m$ampluend rfecomdtelle vap siter eavam
caused by a hydraulic jump. It was further no
dept hwshiacihd or di ngly with flow rate. Stage disc
weirs. Regandiisng stireaml i neswdéior ¢hrvempgedeatm
and diverged away from the center in the down
configuration remained uniform and transverse

credtpockets of elevated TKE.vdbdecopfthagdaat aaol
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high TKE close to the flume wall, and | ow tow
produced t he | odwepfte rvsad humeisd to h& aKHEu ,h a(t2 1 B)vat e
wall with | ow velocity zones foll owing direct

fish species.

I n conclusion, the |iterature provides an
st-ppol NLFs as a solution to barriers that pr
Hi storically, fishway r esear cahs wlaasmsf oachuds ewle iorns
However, research and innovati on tprootlhsi,s wfhiielh
of fer a more ecologically friendly and effect
emphasi zed the i mporttearnclei koef wgeeiormewirditch ,p asrl aonpee

achieving opti mal hydr auBlaikad cean dailt.i,o n2sO 1f7car, f2i0
Kal at hil & .Chlamaly ahawvdé 2&8l)so highlighted the si
di fferent geometriespo®RlesdlaFsh whgmgedesi gmad :
promote effective fish passage while maintain
Furher, ecol ogi cadodlmpdtirceaa msdMasago feetxsgaeqrf,d df r2b0y0 S
benefits external to fi pbodassdagea.msNastuprpalrlity
macroinvertebrate popul ations andpexlhi WL Fs bed
demonstrates their potential tao npmaviede | ofgfica

bal ance in rivers and streams while emphasi zi

Efficacy of Fishways

Potamodromous (fish that strictly migrate

during periods of flow variance, however aver
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Yel |l owstone Cutthroat Trouduhavehbeeghobaelye:
study using(Dadi ¢ ot elt eTAndi tsr, ys2 WHY) further showe
periods of measurement, Yell owstone Cutthroat
mean of 20 days after the annual peak dischar
Livingston Motnitaalnat.hatt fiisshewsasyendesi gn i ncorpor
are elevated above base flow. A | ack of biol o
capabilities and flow rates that trigger migr
tmar fi sh passagmemaiesy gtnerde ¢ oampe ovi de sui tabl e
range of (Dhowspbpat &s Marmull a, 2001)

The efficacy of fishwagsadiophaeai oonglfomdreatbe
parameter varies between resedanrcthes set .deasli ,gn(e:
identified the ideal di chotomy for fishway de
zero while successf unls mpapypsao@e hefd ddPuwOad. i Wi drhg a
any native species can reach the structure wi

and separate from riskeal @afi pg etdlait $ offc casmeel wa i s e

scenari o, a cost benefit analysis can be esta
for specific projects. Some research compil es
These cempooénde the ability for fish to appr

combi nat i ongd CafsStgpredr msme& eCxsOet en20BBY tags ar e
researchers to measure quantities of fish 1in

di fferent st®8gag ien THaal showeYodf2 )PI T t ags creat es
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for situations where both speci@e@Bumtf &t sdal .and:
The foll owing section provides research on th
Hodge et ialvest(iy®t®)d the effectiveness of

River Cut tOnrcomathyhrcdhwts (c)l,aruksiian gp |Pelulr ittaigcsust o d e

efficiency, attraction efficiency, and passag:¢
headwater tributary to the Yampa River. A cul\
i nstall attiiocnalo fs Itohte fviesshway. The fi shway is 46
di fference in elevation of 2.7 m. The fishway
have slots that are 0.15 m wide. Fiesbmwera ca

el ectrofishi-h@1 H.ethvewern &rtlennas and data | ogge
to monitor the movement of fish through the p
downstream of the fishwagtrehm seadontdhewasthi nd
upstream end of the fishway, and the fourth w
study assumed that i1if the fish was registered
ant eshondage et deelt.esr mi 2@Md7 )t hat adult Col orado Ri"
through the fiskwahw ptassagieothrblugwst he struc
ear | wniheirgher fl ow regi mes For &a&ahk tsaggedafi &
approached th€O0flbshwWawybiabi 201y of approaching
fi shway was calculated at 0.04 N 0.008. Passa
probabil ity of ap parsocaecnhdiinngg tthhee fbiySpha@sdsy 4sat i dulc.t Qu
Hodge et calnc,) udz2@®l12)hat the fishway was effect

passage of the target species, and efficient
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compared tot 2dW 4ctohvahti selmidgr ati on, mortality, a
factor in the results.

Bunt et cadnduc(t2e@ddi @d) ymeatsa on fi shwaysi Vercat al
streambBis study reviewedt dsmttladilesom He&Ot nfond u e c
attraction and p awsesiarg, e-sveetrttiiccichel dkcen afbitusrhewaoyls f or
of 26 fish species across 6 countries. Dat a a
l ogistic regbhbeosiogmnct aneddvaltuwatte ural component
passageTbBiuscetssdy foundcy haariaed raicgmiohi edmily
types wiltikkendt shevays hol ding an atiweaction ef
fishways had an attraction -efkeciieankcwapys FJab.

efficiency awi 7TO0%] sawdypobhd the | owest effic

suggested that variation in attractioandffici
fishway success was more i Bfulntermoad Ihdegtefli ¢ hwa
used i n tves ri mawafl fyisdisent t o recamihesdasgpacdi k

monitoring technhiigguheesr rwmualld spyr oduc e

Her sheyconf@2W_tleach ad ymdtsa of fi sh passage suc
efficacy of different fishway designs to iden
study evaluated efficiency studies that wused
passage Bhe ueftfuireisency metrics used in these ¢
passage efficiency correlated with the type o
factHershey used a |lineapr mixedt edifescttso moamrd u

anal@aesntsrrary toampaleys e@Bsmmieheatasalt. waz0 d2)t er mi r
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passage efficiency between fishway types did
el aborated on the issues caused by a |l ack of
Bra®ordoba etnakstigaoed)fi sh passage i n si
success and transi-anal mei asomebrteshnhcal meep

experiments. iThhlkei slastudycwWasdetdaken from the | :

submerged notch fishways involving potamodr om
ti me were integrated with biologic and hydrau
Resufl ttshe anal ysis indicate thaedpaebhagbl sumet
for measuring fishway efficacy. For all studi

with a medi aBr a¥@®drudeo boaf e7i2m@i cat ed02bhpt no sigr

di fferences were found between species or typ

min/m in all trials withbhrapmesemanedfadlm8t eni s
this metric, significant differences were fou
which had | ower transit times than submerged

of these fanttdrys eilasiwirgninfisdt andardi zed settin

Bestgen etnwaésti g2a00d®)fi shway passage capal

mi nndwbdgnat h)ususainmagg uassn experi mental approach
metrics calculated in a | aboratory setting co
setting. Critical Sswi mohi saspeedwi emdngaabe] i
cal cudrattelde ffi sh using a swim chamber. Critice

calcul ated between 0.36 to 0.69 m/ s.| okndtuireasn c

greater than 0.60 mm/ s, and endurance bet ween
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|l onger than 125 km. Two fishways, dwual sl ot a
performance. 52% of the fish passed the dual

at 0.87 m/ s. I n the rock c¢tmmammal O0f i83hwdy, twela
75% of the fish. I n conclusion, this study me
foll owed by trials in passage structure to id

and fishway construction.

I n summary, research on fish passage struc
ensuring the successful movement of migratory
variable flow conditions, and undenst agmgaeirsg o9
specific species is essential. Use of metrics

with transit ti me enables researchers to asse

restoration of aquatic ecosystems.

|l nl and CutStwhmo@&mpmadboblutti es

Accurate data pertaining to fish swimming

passage structures. Hydrodynamic properties o
interest. Success relies on tlkepraelaPaitea n sahsi pe t
al ., . F2G»a)ently, |l ack of knowledge regarding f

design to be grossly approxi mated, (Wwharihnipero,d
2000)Restehdmd@csh been conduct dtdhe nf dirloauwi rsg eme tersi a
determine swimming capabilities. Ground speed
on shore, and swim speed, equal to the ground

used to deter mi neve attlersou gqh wdhi grhedetsédar m ned gr
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( M. D. Bl ank Matxiadum s2vd 2rm0mi ng p easfpoercmaensc e sp aorf a
guanti fi-cewWr atsi smhhoacdnstsanitt acad el em@eén ochur Ut i on
acceleration critci)étd&brsel mmi Ag08pe&dsn( & Farr
al . ,.Gz2z®8)al i zed savi enmo fntge men efiersred t o by res
prol onged, and bWslktsewi &8s mEggValperidtsL 9Bd)r i er s
|l ocations or scenarios in which the biologic

par ameQeasbtarmnd os e.t [wi. mmi2rodL 3p e rafnalu ma ebsasgfraferf i st

pasdagempaof sbnol ogic performance to hydraul i

Hydraulic parameters impacting performance
ti me of( Bpaaksis aegte al ., 2017b, 2020;. Hweerlowceatt yala.n,
ti me of passage are interr el aatperdo | noentgreidc ss.p eFeidss

greater t hpanms200 nreien wipeese d280 s e c ganrdabu rtsa 200 endis
for | ess thBmeR®D, Weae@h)Xsel ocity barriers are
di stance correlated with the timeasSthmpassage
2006 )Fl ow depths must be comparable to fish bo
Yel |l owstone Cutthroat Trout in headwater habi!

incredskre et dincreaktkad) fl ow depths in scenari

shown to have increased rates of fi(dMh Baankge
et al. ,TerORRBl)ence becomes influenti al i n water
boul ders rather than cobbled bottoms. Turbul e

simultaneously redirecting flow paths and has

(Baki et al ., 2015)
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Studies have shown that parameters such as
and motivation i mpact ¢$Wiammiehdt, p@O0D&8r mKeme et
Macnutt et Walt.er 2@0plerature correlates with d
temperature increases, |l ess dissolved oxygen
met abolic cost was altered, researchel found
had no significant i mpact ohJomes swihtnTal Jsd ugdpye
conducted on cutthroat trouyt:Uwidt hn otte nvpaerrya tsuirgen
(Macnutt .etHarla ,et20a14,) (2004t)heocdslcaldg hdhat adi may
have arisen due to variability in fish behavi
on swimming capabilities of trout that pertai

M. D. Bl ankusdad adn ,opem2c0hannel fl ume to de
capabilities of RainbowWCA@noershynd olpes)  Caltdrhkioas
The flume used for the study was 0.91 high, O
pattern was overlain on the channel bed prior
metrics and as a visual ai dWafteerr caomerces |Iwea et
which enabled the researchers to croantter orle nmaaitnee
approxi masdloy mlId5 tmials iWiCTweeestobyecRadnbo
el ectrofishing for the exWetiarde-HwnkiThe tbht ev
from 15 to 30.5 c¢m, and 15 to 29 ¢cm respectiyv
integrated transponder tags that were not wuse
tail water and wer e ouwumlVvoltirtiiad ralalnyd t8W®r cswglt e

made throughout itheyiseludegd Dateviadaehge of si gl
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eeds between the two species.

4 m/ s wit hCt adt arhdearsch meer raosre r afg e0 .s

error of 0. 03. The maxi mum observe
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& Keehaedyct € @00&§3earch on swimming c:

, Rainbow Trout, and their hyb]
l uence swimming ability. The p
luiemnice i nvasive Rainbow Trout 6s
Yel |l owstone Cutthroat Trout eg:¢

ggs and sperm were col lagetded f
hroat, Rai nfhowe dmnd hhybroimd 4T rgee!
otypes included Yell owstone Cul
ernal Rai nlkkxw ehry breind . -9Rira2 esd d fr
popul ations. Swimming perform
c pipe held inside a |l arger tu
ere nisn §iod e etdh d i sthudy areema.i Fi sh
ty run through the downstream
vel ocity tweanfe wiwi arneggoeidme rwars nd ess
e study. Fish were chosen at r
ro velocity followed by 30 min

l1bemameteshans$i éddfoawsnds tprienanne d a

reen signaling the end of the trial and a t
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vel ociways. tbhen recor dévd usiong) twkeed ®rVhuilsa t(he

velocity thei o itsthe swelno caist, yt Yien ctriemee nrte,l alt i ve t
i ncrease anidsf dthiegue meametween velocity incre
trials with a stasd®ld sgr val uefs Rbryiad¢ll dedpwl
Yel |l owstone Cutthroat Trout being 8.16, mater |
mat er nalhyRuariindbsodv 11. 08 fQeai |IRari n& okde @lirtelyuetr. ( 200 7
indicated that swimming performance during th

mor phol ogy.

I n conclusion, understanding fish swimming
hydraulic parameters is crucial for successfu
structures. The interaction betwepambibialyogifc f
to navigate through velocity barriers. Resear
factors that i mpact swimming performance. The
mor phol ogy, motivation,ulathidng eswii mmi mgt herdfod ror
knowl edge of swimming capabilities is essent.
accommodate the swimming capabilities of targ
fish poHawaveonsthere is a blatant | ack in kn

cutthuobaswt mmi.ng metrics
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CHAPTER THREE

METHODS AND MATERI ALS

This chapter provides an overview of field
surfaces, and modeesltiihngadpecaot edurcesdusednsoin
activities were conducted September 2023 thro
bet ween September 2023 through May 2024 in th

State University.

Data Collection in the Field
Data Collection in the field was conducted
data collection included flow rate measur emen

bat hymetry of the fishway.

FIl ow MRaatsaur ement

FIl ow rates were estimates using the USGS m
section was measured using a survey tape, and
a HACH velocimeter and wading rodappbaresedl ot
near uniform throughout. Water - -sckedtilon weraes umes,
l ongitudinally with the survey tape, and vert
stations wer e -fesdtabil ntsldheefdta latso fOr.idghh2t banks. Wat
recorded at the midpoint of each station wusin

the same | ocations as depth measurements, at
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Vel oci ti essvemeaged ioneer 30 seconds and recorded
measurements, the velocimeter was calibrated
2 minutes. The total f1l ow rpartoea cwa,s sbhaesneed gon t

increment abiab|l biveat e¥wa®) fhewl omagietudi nal di st

andi &/ the incremental velocity.
B wzYoz'Q
0 i

The observed f Iw Toaa ef amaes Qa l3cludl adtted using trh

met hod was aubedndampdedn diatl ii dom aftoron i n the mo

i on of fl ow
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o & T
= 4 oK ¥
-

“ - A
. Lol B RN
Fi g3Fiedlad a col |l ection where a HACH velocimete

wading rod was used to collect depth measurem
measurements.

Bathymetric Surface Devel opment

The foll owi ng 3adtnteandss omrad d bcaé themredairn cmoesdie If

with elevation data for hydraulic modelling.

Design Pl an Surface

The design plan is based on the original d
an engineering consulting firm i#ulilvi "dg atwo mg
for the project were not preparwdrafuouproadeadt,]
Autodesk Civil 3D I mperial. Contour |l ines wer

data was assigned to each contour wusing scali.
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Table 2. Vane Design

Feature Elevation*
Vane 1(V1) Throat 39757
V2Throat 39747
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1727
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Figbhre€ontours produced in CAD replicating the
Environment al

Fig6redesign plan ti-RAWYisulWféasckt wisieadni n HEC
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Li DAR Surf ace

The LiIi DAR surface was generated using publ
Mont ana State Li DAR I nventory, which is a sub
dat abase managed by the Montana St at e4 31l b0Obad vy
in Park County, was obtained, holding a verti
83 projected coordinate system. After downl oa
eliminate extraneous datayan&Guébskgoneattygmputbe

was Iimported into CildVIimen3ED othmlc srugtfrawcet. a t wo

I | _Ij
p— | [

Ffénr&ontours of hublicly available Li DAR dat
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Fig&rd&EM model produced from wheh’pebimi akyoava

After examinbansged hREM imAdRe |l , it was concl uc
not of sufficient fidelity to include it as a
and boulders that are much smablehet manet hehes
Li DAR datafuaetdehgdrourfaces whesrmpeirfwanhgrt W,
bat hymetric surface of the creek. Therefore,

were used in the modeling phase of the analys

Survey Surface

GP$ased point data was gathered at Rock Cr
collector, and rover programmed as a base st a
State Plane 2500 in US feet, withi6Geoatdbal Umod
St ates. Prior to data collecti on, a stake poi
further data collection needs. Foll owing this

channel bed and banksvar@i,viwlas3 b, idn zAWt dde gk n
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from the survey points. The software triangul
thus survey points were strategically taken 't
the top of each rock i nrathee scurrefeakc, e ernespurre snegn tte
with the available technology.

Fig@lreTrimbIe TSC3 se station that was used
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Fi gudeDEM surface generwtetfrﬂ!sbhgt'G@EB surveyi |

Hydraulic Modelling
The foll owing section describes the numer.
well as processes used during hydraulic model
Numeri cal Model ling and Equations

This research excl uRSAISY evVley semml ®y 8d 12D aHEO® f
by the Army Corps of Engineers, to-RA®Edalsesydr

t he MNsatvoikeers equati ons t ot rcadictuil artal Ify ud anenoivre n

However , -RAD BE@plifies these equations into t°
equations known as the Shall ow Water equation:
incompressi bl eifcl pireessanme hydnostbatti on. Tur bu

us ead Reyawémndasgedt dhes eafpRpANDSY)chdi ti onal ly, the SI
equations assume the vertical scale is neglig

ti medeapadher aged mo-&RASsdi 8Dr BECzes reaches into
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Eul eri an acaerfteirremnictey famdnemo me

wostimehsvenseqbtati bhe BSWE.

Mo del Devel opment

To ensure consistency across models during
using a standardi zed approach. Geometr-y dat a
RAS Ras Mapper function under a NSDb828q2e0dI| W
a perimeter was delineated around the fishway
channel banks to force orthogonal <cell s aroun
Hexagonal <cell s wer e t hreene kc htoos ecna pftourr et hter acnesnvte
I nitially, all cells were sized at 0.75 x 0.7

|l nfl ow and outfl ow boundary conditions wer
condition was set as a t%(hmeasnur éd ominthhy benofgir a |
energy grade sl ope of 0.001 ft/ft. The outfl o
with an energy grade sl ope of 0.065. The ener
involved a model run usWarngert fairbdead esled per ad fi otn
from a profil e | i nuel aatleo ntgh et hfer itchtail onne g9 It @p ec atl hce
flow rfoe casawdabraal onl ated using the USGS mi d:
|l ocation of the nor mal depth outflow boundary
The model s were inhduralpegriexe catt eal domp wat dt2i o1
usi ngDthesteady Diffusion Wave Equation Set.

Once the imanial model 8 ep was adjusted ac
condition. The maxi mum Courant value was set
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foll owing parameters for the Courant conditio
before doubling, a maximum of 4 doubling base
ti me steps. Subsequently, the erquBEdguatni ocsrest, wa

Eul erag@gmangi an -MMEMhpda(0&WEhe conser vuasteidve t ur k
Longitudinal and transverse mixing coefficien
Finally, the computation imtterwal s wad] setted ob 2
Cour ant Tleeedifctoimmpriu.t apt baoabs and t ol erances wer e

dependency study, modelesaudltisbrati on, and to p

Mesh Dependency Study

A mesh dependency study was conducted usin
to assess sensitivity to mesh sizing. This in

ft)], ranging from 0.75x0.75 toed.i0Oxt2wd Owd ¢t 9 ..

four profile | i MRAS wer e xdmrawr idralthdeEsCer @am ocsrso s s
sections were drawn on both models in the sam
weir, and two were dr awmhi a ttheapwab E€wvpbowed

tabul ar format to create graphs o(fsevatFirg wreest

12, 13,Seacnodndl,4)r,aster data for water-RA8rface e

into ArcGlI S Pro. The Raster Calculator i mage
bet ween mesh sizes on a pixel basi d.i fNega&tnicwees
in mesh sizing resulted in negative differenc

di fferfeemecelsi gur.es 15 and 16)
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Legend
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T 0lto021
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FiguseDi fferences in water surface elevation i
surveyediddrefre@eaees i n water shyfaobtaseernbhgon
dataom one mesbonsiazbpp ixxked aEMershhb gssh &te swer e subtr a

di ffienr dsyg z@. 25 feet in the x and y axes.
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Convergence ovifalwaevset osutfyacand depths was
sizes of 0.75x0.amdf1)2?heHeld? igWaEiOVaBty hat
computation cost and time were not significan
0. 75x0.75 ft] was selected for evalwuating the
under higher fl ow condietdi darmhsa.t Haawwenv enrg, tihte wreosd

mesh size under spawning flow (a higher fl ow
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mod el instability, the’waboueed ffbhnabhmmeybssize
chosen for both the surveyed and design pl an

was no calibration data for the design plan m

Mo del Cal i brati on

Mo d el cal i brati ohei oWwarhonuegdh nhedsdsu stta nrgeduce r
squared error (RMSE) between surveyed water s
During fieldwork, water surface elevations we
points were positionededl bagksshhaotrl et hien taeartdfear d eg,
resulting in a total of 16eWBEepoedtwithhésew
iterative rounds of surveglageasdrVivepwdr WEE w
rates used in models. The coll ected data poin
shapefiles. Following this, the vector shapef
the format of ther mddetRASSor AEC e r aviad drsastt he ve
was I mported into ArcGI S Pro, an ESRI softwar
cali bration. Three of the 16 initial survey p

were | ocatedt extamremal of i nterest .
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FigbreRaster and vector data used for model C
observed water surface elevations, A&.the bI

Model calibration involved adjusting Manni
0.06 was assigned to all cell s. Model s were t
computation intervals, turbulence, vaendpbmewrnda
After running the models, raster data of wate
of n. Water surface elevation data was then s
metrics such as the saunmnedofersspuar eRAMSer, r arn,d naceuar
calcul ated for each value o¥¥ahuePaspawasngaflc
to 0.14. Through this process, a uniform valu
RMSE value BighdeOOwf epebvi des a gr ap htiicoanl rep

of RMSE as it relates to uniform Manningbs n.
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RMSE versus Manning's n

0.170
0.160
0.150
0.140
0.130
0.120
0.110
0.100
0.090

0.080
0.04 0.06 0.08 0.1 0.12 0.14 0.16

Uniform Manning's n

RMSE (feet)

Figu8 eRMSE for uniform Manningés n in the sur)\

Cali brating the model with wvariable Mannin
di stinct | and cover zones within the fishway:
representing these areas were dr awrseamd bgé¢ lwo
Fi guurQe Subsequently, a feature class was added
geometric and | and cover data. Each polygonal

adjustment of ManiRABgds n values i n HEC
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ChannelBank

Figu9elLandcover | ocations designated for wvari,;
cal i bration. Land cover polygons were created

These different zones wer e -RAS,n alelsdawinmg etdh
software to change bed roughness as a geometr
| ocati ons wer e -fviatr ireeds ublatsse df roonm tteehget mrhe Mieous ¢
considering direct error values between obser
roughness. Throughout the calibration process
Manningds n values for the waemedi damats i ewmm:-
areas at calibration flows. Observed water su
and insufficient data was available for calib
during field work.

The variable Manningbés n calibration proce

0.0647 feet, achieved with Manningds n values
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pl ot was createdtitonMamspihragd RMS Ed wrai(nsgg emode |l ¢
FiguréAl t2l0gugh twer e aliipkhpexctdbdn t hey dppropri a
model error due to variability associated wit

model | i ng.

Contour Plot of RMSE versus Mannings n

0.1

Mannings n in Pool regions

0.06 3
005 005 006 0065 007 0075 008 0.08 0.09

Mannings n in Weir regions

Figa®eSurface pl ot that haasxiMannManngndisn gnd sf onr fpo
x-axi s, and root mean squared error as the ver:

The | owest RMSE value for wuniform Manning6
variable Manningds n c dlsieter d&ti Moudreehs2dr)wan RalS Es e
f | oowos pruosdeudc ec al i br ated vagfphabl e=ManhBpg@sO0h, v

nchannel banks = 0.098)
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Determining Spawning Fl ow Rates

StreamSada ahysdr ol ogi ¢ software developed by t

Creekb6s watershed and estimate flow rates. Th
climatic and physical properties of watershed
pobabilities for flood events, as well as avel

mont hly flow rates were used to approxi mate a
Accor doenRyi ttoo et, &kl ] ow30dbdpe Cutthroat Trout
grounds approximately 20 days after the annua
generated by StreamStaRkd iThei slbodiswaattedebeladw
peak occurs in June, with Dane atvoe ruangcee rftlaoiw trya ta
variance that accompany hydrologic regression
the range of spawning flow rates. Tyhéradf ar e,

mini mumf®% MAxX5 mumyf ahd0o mefédh of 127
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Average Montly Flow Rate

@ 100
&
L 80
@
o
= 60
5
%40

20

0

1 3 5 7 9 11

Month

Figate Mean monthly flow rates in Rock Creek
application.
Validation of Spawning FIl ow Rates

Spawning flow rates were validated by <cros

Ri ver and Rock Cr eek (drénter adaedp abrye Su alewmarsSt cad rse
regressi ouns eedq ufaotri otnhse s pawnitnbg ofw ovatreasd rense aisnu rt
establ ieshead igpanug Rock Creek confluences with t
fi shway structure. The Yell owstone River has

approximately 20 miles upstream of the conflu

I nitially, StreamStats was used to generat .
Yel |l owst one River at Corwin Springs. The fl ow
782®%Y. Next, flow rates were taken from the US
t he annual hydrograph at Corwin Springs: refe

YCT.DeRi t o eAl lala.v,ai20alb0)e -2d0a2t3a,, wbaest w eaekne nl 9i 9n5t o

This data was then averaged and compared to t
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of the aveStargeea tmBotnatvhelryage f |l ow rate from the L
1.352. This value falls below the factor of s

Rock Creek.

Hydraulic Modelling Using Spawning

After determining spawning flow rates, hyd
and design plan surfaces and the calibrated m
interest . Data collected from mbédel sepnhbl addd
velocity were exported as .tiff files into Ar

of thhoeur2 si mul ation run time for aPfsl fTihliess bes
model did not shoWwooomveiln gnence hafrteédrora 2 he si
increased to 4 hours.

The raster data sets ganpeattesiwit mnioh gAwp Gt Bw &
in the fi s¥HW@&wi medaapgeebdi Iti@&@wiens speeds for YCT a
ongoing study, so unpuaplrioglred SEredassgtdnadlal ue
communi cat i o2 0 Fde)b.r uMaxyi Mm swi mming velocitie
15 ft/ s with an average of 10 ft/s. These rec
in the Rock Creek anaé¢gusals, tredpdrhg avdae huielese |oers s
unhealthy fish, between 4 and 8 fnépmr doentmangq
undesirably. |l Argenvebmcatcepgt abl e depth of 0.
body height of ant oabennocrommaplalsys laarwgied ey QvTar i ety o
furabknowl edgef oarn de rarcocro uinnt hy d r aduel viecl onporfuéer tl i n g

Swimming metrics used in this study were not



di fferences
approxi mat e

used to bot

After the c
Department
their Hybri
Data was co

favorabl e p

47
i n possible flow paths between th
swimming capabiliti eAsr codl BtahBer ot ar g

h classify and illustrate these di

Pit Tag Dat a

onstruction of the fishway was com
conducted an efficacy study using
d offspringwwetrennanp| waerrt e ds evti thp Pao\
|l l ected for these20fliBhle ouvardyt hendaca

assage cton2012onkeraea wae &i 88wpegr c

detected fish andeirrcenll 3 aftt e poelh dgiansc cae sE6
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CHAPTER FOUR

RESULTS

The following section provides the results
investigates how velocity and depth YO0T t he mo
This section further illustrates the hydrauli

The design andhadrfvley®3r Stuef az&fs’'sand 190. 5 f
representing high, medi um asnpdawniw ¢ al nodest etpht aht
data was t akAeS dtr otmhedE€Cnd of model run ti me ar
where symbology was used to define the flow r
for Y&€dati ons siymbbh e z e@deda Scuagirezfelne swi mmi ng col
al |l ,bfliuslm heal thy mature fish, and red as | oca
set tolerances. Tolerances were approxi mated
the YCTBypeaitegratul ng mgdel ing with spatial a
regimes suitabl e del iYrGhatbewd smmongt weeeusl y hig

di fferences between the des2gnhe3dgbuB8veyed s



Depth
Il < 0.5 Feet

Il > 0.5 Feet

Fi g2a2 eDepth Aswi mmi ng paths ifsstthe design pl an

Velocity =
#

B < 4reet/s [

M <s Feet/s

B > 8 Feet/s 5

Fi g2a3 eVel owagw pdateh dceaugifaghnd épsl. a n
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Depth
Bl < 0.5 Feet

I >05Feet [

he

Figi’JeﬁeDepthfSWi mmi ng paths #Psh t surveyed sul

Velocity
B < 4 Feet/s

M <s Feet/s
Il > 8 Feet/s

Figa%eVel oci t s wismunri vnegy epda t shuss'fi anc e haet 63.5 ft



Diapth
Il < 0.5 Feet

B > 0.5 Feet

Figure 26. Depth swimmi ng 1@2&%hs i t he design

Velocity
B < 4 Feet/s
B < 8 Feet/s ‘
B > 8 Feet/s ’ )

FigaTeVel oci ty s widnmensiprgga np astulr sf3sficre tahte 127 ft
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Depth
I < 0.5 Feet

I > 0.5 Feet

Fi g8 eDepth swimming pat hls2 Ashf tt he surveyed su

Velocity
B < 4 Feet/s

B < 38 Feet/s
I > 8 Feet/s

Fi g9 eVel ocity swimming palt2i&L i n he surveyed



Il < 0.5 Feet

Bl > 0.5 Feet

Fi g3®eDepth s wi mnui ensgp lgpment hssu rif rdséteh eat 190. 5 ft

Velocity
B < 4 Feet/s
B < 8 Feet/s
Bl > 8 Feet/s

Fi g3t eVeIpGn(tiH)ayshe

dagifaighrc ¢pdba. n5



Depth
Il < 0.5 Feet

Il > 0.5 Feet

Velocity
B < 4 Feet/s

M <s Feet/s
B > 8 Feet/s

54
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Vel ocibhottlssifonm and wemgmewegedr pbaas weirs anc
|l ocations of pools. Velocity and depth distril

desi gashedhagh velocities at the end of the fis

Depths exceeded 0.5 feet in the center of bot
However, | ow depths were present Iinthkbewateve
surface. At 8% |l owl oatei e§ BHe€gan to exceed t h

stcrtuur es f or both s@seey Faagnddr. e2e8s) 2ogan psautrhfsa cpeesr s
adult fish wherealsnh¢ awelnaettib®h f foaero pshuerefna d ee. At
a flow r &%% obntivdmi swgempatmse | dmgerhep rseusrevrety e
surfisee FigAreoBa8ble high velocity zone can b
geometry skiequbdhe |l dWei hi ghest simulated fl ow r
possible swimming paths for mat uraet ftihseh when
downstream endsef fFhguster 3dur e

To analyze diff erremfcielse ilni rfd s wilradegw ehgeasfwanr pd o

both surfaces to highligsthown fhelrewcies .Fingwreeé:

Design Surface Thalweg Depth Design Surface Thalweg Velocity

Depth (feet)
Velacity (ft/s)

o B N W & 0 @

s M oA o o

=)

20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Station (feet) Station (feet)

——63.5¢cfs 127 cfs

190.5cfs ——63.5¢cfs 127 cfs 180.5 cfs

Figure 34. Velocity and depth at three fl ow r.
t e

i
h channel
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Surveyed Surface Thalweg Depth Surveyed Surface Thalweg Velocity

ol i
[ N
—

3 =)

[
o
@

IS

Depth (feet)
)
Velocity (ft/s)

o =y
(SRR I,
=) 8]

0 20 40 60 80 100 120 20 40 60 80 100 120
Station (feet) Station (feet)

o

——63.5cfs 127 cfs 190.5cfs —63.5¢fs 127cfs ——1905¢fs

Fi g3seVel ocity and depth at three flow rates i
channel

i
h

The desigmewmobabef | uctuations in depth an
structures thal wdgeat Falglu ntehr@ede efdl ave prt ehtse sver e
to decreases in velocity througag@hcohditn giehse irne adcehg
andel ocity compared to the destivgen opcliaany wheillaet ir
(al beit to Tdhel eesedeorcig@xyt earetg)limes used to cl assi
maxi mum tol erance. The surveyed surface was s
of 19B8( Sed tFi gure 33). However, the thalweg pr
surpasses this tolerance in one the weir stru

One weir segment was chosen from the desig

surface models to analyze cr o(sssees eFcitgi uorneasl 3f6l oa

Profile |Ilines were drawn oriented downstream
weir prtafaiclepestohbexdtm y . One |l ine was drawn direct
the center of the weirs, andThlhexe dprwafsit lIr esa mw d 1

provide a cross qactviedmoali tviesw acf tdhepyt r ed at e

showcase differenMces IF& §8a dta@PB)t.er r ai ns
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Figure 36. Cross sectional profiles before, o
surface.

Figure 37. Cross

Depth Upstream of Weir

6
Station (feet)
0 5 10 15 20 25 30 35 5
w4
£
23
S
= -}
H g2
£ 1
o
3
a 0 |
0 5 10 15 20 25 30 35

Station (feet)

——63.5¢cfls ——127¢ls

190.5cfs ——63.5¢cls ——127¢cfls ——180.5¢cls

Fi g88r eDepth and velocity upstream of a weir si
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Depth Upstream of Weir Velocity Upstream of Weir
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Fi g8r eDepth and velocity upstream of a weir s

Depths upstream of weirs for both surfaces
and decreased dramatically towards the banks.
strucNbtcasgeometry and |l ocation influenced th

sec({ser F3agn@d.es 3

Weir Depth Weir Velocity
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Fi gaa0eVel ocity and depth over a weir structur ¢

Weir Depth Weir Velocity
9
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0 X
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0.5 =°
‘c 4
Z 15 2
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w
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Fi g4t evVel ocity and depth in the middle of a we
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Vel ocity and depth peaked i n( stehee BnGgtwtrhe sof 1

41 Depth and velocity varied more significant

sections THhBlbhiowv ev avreii atsiion was mor eVelloa @aibtl y i n tl
di stribution was | ess variable at higher fl ow
velocities and depths hit zero at | ower fl ow

design surface had tghraeemttelre vsaurivaebyi |si uryf acne dienpo
throughout the reach. The velocity profile fo

there was a spikgradenl|l Wwgi demlvtemmeld I wavkas .ds

Depth Downstream of Weir Velocity Downstream of Weir

Station (feet)
0 5 10 15 20 25 30 35 40 45 4

= o
= o

[ N R I

Velocity (ft/s)

N

Depth (feet)

w

0 5 10 15 20 25 30 35 40 45
Station (feet)

=

—— 63.5¢fs 127cfs ——190.5¢fs ——63.5¢fs 127 cfs

190.5cfs

Fi g42r eVel oci tdyi reercd | dye patft er a weir structure i

Depth Downstream of Weir Velocity Downstream of Weir
7
Station (feet)
0 5 10 15 20 25 30 35 8
w5
£y
z
— g3
k1 ]
& =2
fn'. 1
@
e 0
0 5 10 15 20 25 30 35
Station (feet)
——63.5¢cfs ——127c¢fs ——190.5¢fs ——63.5cfs ——127cfs ——190.5¢cfs

Fi g43r eVel ocity and depth directly after a wei-r
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Vel ocity and dept weareots sa s§ esdniloimognbkat lg upcrt oufriel se
The irregular profil es nsdibgeldd o/ksangoensc,ag | amrgd tthwer
di ssipation opoehesggtiem tChes(esteeep yFAagedB)re ss t4r uc
Energy di ssi p(aBED&i)ne cuoseefdf iicni epnbtesl d e Wegat of e s

baclkl cul at edchpec®@@satf avrer e d owenisrt rsetarmu cotfu rtense i | |

Figure 37. Energy dissipation coefflicients fo
Tabll eEnergy dissipatifoorheosedifveyeand dasicaghapl
127, andl 190.5 ft
Design Plan Terrain Surveyed Terrain
Q A Y I 6 EDC A Y I 6 EDC

fi’s™ ft? ft’ ft Ibft’s™ ft? ft® ft Ibft%s™

63.5 193.8 600.8  0.45 3.0 211.3 600.0  0.27 1.8

127 197.4 6454  0.46 5.6 213.9 639.5  0.35 4.3

190.5 199.4 717.1 0.48 8.0 216.8 700.4 0.49 8.3

Both terrains exhiwditthed nacmr eiafskerds o @ aosw a al &€
i ncreased warlidahtlséesiremaegy weed hposlug veyed terr

produbedl| argesha@knldc &id&t. ¢ & st
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CHAPTER FI VE

DI SCUSSI ON

This study aimed to compare changes in cha

hydraulic models of Rock Creek's NLF design p

>

assessed how hydraulic conditions inthéae fis
target species (YCT).

Specific metrics for fish swimming capabil
knowl edge towards specific metrics produces d
(Larini.erFi shOMaly) ef ficacy i s contingent on r el
par ameRwarst as .etStelepi2280t 2y rentl y working on j
Sswi mming metrics for YCT. However, even when |
aquat i ct hsep eqcui eegsteic 0 i i t@d muest ee vdaubrui aditigif &.n dudletr ef or e,
direct evalwuation of hydraul i c pas ainmmeftdeue nscuecdh
geometry provides insight to ef(fBlakacytamd .t e
2020; Franklin et al.HydeaQObPicMewvabyattonal and?2
direct measurements that conclusively deter mi
need -deopt h neval uations of f i sshwisnwmenhgi ngs me ¢ ma i
essendieali ghong f i s hThpiass ssatged y8 eaarpplt mykeedaad e r an
swi mmi ng mrfeaoti cnsi n(iOmwm depth: 8 ft/s velocity
parameters between model | ed ssw rnfma cnegs meittrhi cusn c

Both modell ed surfaces highlight relations

exploBeldi by2017a,Fon0pabhs2020rhannel centers
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openings, are directed t owa(rsdese cH),agnanned dbeal nokcsi t

flow distribution folelnewigryg d@ dsesel Raid g wrne $ S -

n®.Baki et mbecommendétd)a bed slope O 5.5% whe

9.2% in the design plan, and bed sl ope

flow pathsiweardieesmpgdreamedp.orThidesi gh o

ssbfvay. However, it is possible that hi
esulted in part from steep sl opes.

w profiles described in the I|literature
able differences. Channel geometry and

nci nBga khiy dertaualli.cdseen@0d4rnaté@f@li@byw variati o
ed in higher velocities over weir struc
ream, a trend consistdit Adidi bhiomalfliyndt

ion of notches was found to decrease ve

ities within the notch andhis tbeddbwast

t in the suUseeykidgwsrued a3 anod ed 9) .

bat hymetry of the design -secfaoasebbi v
f weirs, with a s(tseceeep Hirghulirioesvnepr @af i { les s
m geometry of the surface. Conversely,
gh all sets of weirs -fdacsipngayle dp a@thtee rcrh aac
bEpNLMo oasypet (ake, F(G0OEAs 6saafl 239 )Fi g
vel ocityetdwesemawreedomor 1 denti cal fl ow

ns were discerniBAleednatitovelt Wwe velcseintcye
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weir sets pdmuotrffeaccke gsiegmai ned uni f(ogeare tFE8rowrgehso u
27, and 31)

Energy di ssi p(@aBD&does e d e f f iotkhteenptf spssiloghna ¢ o .
poolesdtuce the bul pbrewatetinglecbsyon and provid
These c osenfofwectitheemttsptooo Ivehiich fuscsthwaegs reduce f 1 c
tur buBelnlce& Mi Ir@c® mmemha@idEDET of appr oXxlitmatel y
be usegoion dt eppaw s yasgaelf maofni d h&dp € ceepeafr.t ment of
Transportation reco®mendse arse&EOR osf rsGetpbf &s un
roadways to mitigate scour potentMailnanDOPp,r om
200Webaclkl cul ateddé&D€smMi ne energy dissipation
flow rates uMaexdi munm,t hmisnismwallyues8, aBefshgd 5. 6
werespechi cedlogt dche desiagsn sphldaainll Shne uma xiir @mu m,
mi ni mum, and average EDCs for the ststv&pe€d te
calculations relate flow rate to pool vol ume
average values calculated in this study fall/l
bet ween EDCs <calculated for oWwesbugheyebHangds
energy dissipation between structures. Howeve
t hat pools capacity to dissipate energy remai

The iTrregular weir geometwglsiokbesley va dr @ snu lt th
significant hydrol ogi c e vVvRonctks -ccraepeakba eeg douf g odhi gs p
station dur ipmgr otfdhicet heev af | i usahtw aoyn HoweVverc,atae dUSGS

near the fishway @rCotrwe nYeShmndamgjtsoende tRo viemf or m
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Creek Sfilnccves .t he construction of the fishway in
experienced two significant hydrologic events
were experienced over a long peribadd of ti me.
Substpaenatki ailrs efel &owgure 44). Al though hydrograpt
represent flow rahasacheéeReski €Eseetiopveapt si hck

Rock Creek is a tributary to the Yell owstone |

Corwin Springs Hydrographs (May through August)

60000

50000
— 2012

40000

— 2013

30000

Flow Rate (cfs)

20000

10000

0

> o i3
<
Figure 44, USGS hydrographs at Corwin Springs
t wo years when PIT tag data was taken in Rock
hydr odxotgriecmes (2014 and 2022).
These hydraulic events primarily i#pacted
bel ow. It 1 s pvebadbilty tthlacwtwas hdighsi pat ed anc
resulting in | ower tractive forces on subsequ

contributed to consi olbke ab ppsotrioafamdheer B fanikosvhesnaeyna |
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(20d&monstrated how differences in Reynolds s
boul ders i n stream tprau ditsu r tedseen sseuq eveehyitebdy ts ulw ef sasc e
uni formity than shown in the design pl an. It

general guidance for the construction of fish
physical constraintsesaigwgdhhsas anldampnmnelpelbdaryksd., nre
fishwhgse constrabyytesaicicrognpjand gelment duri ng
di stances similarities beFwethedgegsilga dwydamisc

river systems means that scouring and other f

substrate movement and resettl ement

s AT (PL e B N S
Fi g46r eLooking downstream over t'he20f2i3s. h wsahyo wcPas
how weirs higher up in the fishway have diffe
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Similarities betweehi ghevéwocisurésacegei nwe,]
velocities in pool s. Both surfaces feature hi
both surfaces offer ample space and velocity
geometry toaondeatdi pockaeil sabli g refuges where |
attempts for upstrZzam tprgcsbhtgves @ g rs,e et hFa rgeu raerse ¢
bet ween the surfaces, Bot Whl {yei hhehdesrganphht
suggestion ofhapednstngcthbheed downstream in a
surveyed surface diver gado wrmrsofma e éhprgo,fdiplpereo ac h .
weirs on thehaveveyepdosudtfeaceée hat have shifted

channel centerline and do no% .fully displace
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Fi g4r eDesi gn and sur ffgle plan velocity at 63."

Neglechigh weeéocity poak antohehendtoflihgeg

designs provided suitable velocity and depth

sections

guantiti

63.5 apfsl( sle2e7 Figures AR 1BOAPoGghf8&89)the design
velocities and depths, whereas cross
the tol efaemeeFivallnuesNonle aonfd th3¥) surfaces provi
for jJjuvenileBakiurhesal dwe/d( 2H002W0 )hi gher
weir set increased overald/l vel oci ty.

This | ik

structure as boul der movement i ncreased notch
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This statcyrased of a deassiugnewletda @eo@mpaace t
hydraulic and bat hyTnheet rdiecs icghna npgleasn odviedr ntoitmea. c c
aduilt condition of Whhéeeddesgaogn(peéanBi guoegi 48
constr ubcuiilotn ,plassns offer a more accur adteisepr e

evident that bouwueépdoesrt ntoovmesniecnltc twiaceschumrot enc omp as

analysis conducted in this study.

Fi guwreSidde by side-bworpgarcionan tofont {d edd ) and

fi shwayghQi)rcled in red is the location of a r
The | i mift athiicmesedudmywast ém from a | ack of da

temporal comparison between the design plan a

acces-butbtaplans or survey data from t-he newl
constructi com SNLrFwse ywodidtda efnhance modeling and
structures evolve over ti me. Consistency betw
surfaces would offer-pooidt IN&F si pusmridaglin gcoh anregre h oawr
potentially shed | ight on degradation and def

precise flow rate data and swimming metrics f






















































