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1.0 INTRODUCTION

The Provo River isahighly sgnificant water resource withinthe State of Utah. Theriver isamgor source
of drinking water for resdents dong the Wasatch Front, and is aso heavily used for agricultural and
recreational purposes. To put the importance of this water body in perspective, Provo River is used to
supply drinking water to more than 50 percent of Utah's population. In addition, the section of the Provo
River between Deer Creek Reservoir and Olmsted Diversion is known nationdly as a blue-ribbon trout
fishery. The section of the Provo River between Jordanelle Dam and Deer Creek Reservair is rapidly
achieving that same status, in response to minimum stream flows and habitat restoration projects made
possible through the Central Utah Project. Other projects, agencies, etc., dso helped makethis possible.

1.1 Background

The Bonneville Unit of the Central Utah Project (CUP) is a system of reservoirs, agueducts, pipelines,
pumping plantsand conveyance facilities that trangport water from the UintaBasin to the Bonneville Basin
in Utah. The CUP isintended to develop a portion of Utah's share of water from the Upper Colorado
River system, according to interstate compacts. The CUP was authorized by Congress in 1956 through
enactment of the Colorado River Storage Project Act of 1956 (43 U.S.C. 88 620 et seq.).

The Bonneville Unit is the largest unit of the CUP. The Bonneville Unit is composed of the Starvation
Collection System, the Strawberry Aqueduct and Callection System, the Diamond Fork System and the
Municipd and Industrid System (Map 1.1). Thisunit includes facilities to collect water from Duchesne
River system streams and to release it through the Wasatch Mountains as needed in the Bonneville Basin
and Wasatch Front. One of the systems in the unit is the Strawberry Aqueduct and Collection System
(SACYS), which diverts flows from nine Duchesne River tributaries through gpproximately 40 miles of
tunnds and aqueductsfor sorageinStrawberry Reservoir. That water isthencarried to Utah L akethrough
the Diamond Fork System and the Spanish Fork River in Utah County. The water ddivered from
Strawberry Reservoir to Utah L ake is used as replacement water, dlowing for the exchange and/or storage
of Provo River flows in Jordanelle Dam, located on the Provo River in Heber Vdley, approximatey 10
milesupstream of Deer Creek Reservoir. Jordandlle Dam and Reservoir onthe Provo River isthe principa
feature of the Municipd and Indugtrid (M&I) System, providing municipd and indudtria weter to SdAt
Lake, Utah and Wasatch Counties, and supplementd irrigation water to Summit and Wasatch Counties.

Even before the Central Utah Project was built, water storage and diversion features involving the Provo
River were developed to provide municipd and irrigationwater to portions of the Wasatch Front. These
efforts, collectively known as the Provo River Project, were authorized and constructed with the gpprova
of the federd government beginning in 1933. Mogt fegtures of the Provo River Project were built by or
under the supervisionof the Bureau of Reclamation from 1938 to 1958. Theseincluded the building of (1)
Deer Creek Dam, first completed in 1941, (2) the Salt Lake Aqueduct transferring water stored in Deer
Creek Resarvoir to the SAt Lake Valey, aso completed in 1941, (3) the Duchesne Tunnd to transfer
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Map 1.1. Features of the Bonneville Unit, Central Utah Project
(map provided by CUWCD).

water from the headwaters of the Duchesne River to the Wasatch Front viathe Provo River, completed
in 1952, and (4) enlargement of the Weber-Provo Diversonand Cand to transfer water from the Weber
River to the Provo River, completed in 1948. Other important features of the Provo River Project indlude
among others the Murdock Diverson and Murdock Cand.

IN1992, Congress enacted the Central Utah Project Completion Act (“CUPCA”, Titles 1 through VI of
Public Law 102-575). Among other things, CUPCA raised the Bonneville Unit gppropriations celling;
required local cogt-sharing of project capital costs; authorized various water conservation and wildlife
mitigationprojects; and alowed loca entitiesto construct certain proj ect feetures under the directionof the
Secretary of the Interior. Under CUPCA,, the Central Utah Water Conservancy Didrict (CUWCD) was
designated as a Federd agency for NEPA compliance and given the authority to administer the CUPCA
withexecutive overgght by the Secretary. CUPCA provided for the creation of afedera agency, the Utah
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ReclamationMitigation and Consarvation Commission (Mitigation Commission), which is respongble for
mitigating impacts of the Bonneville Unit on fish, wildlife and related recreation resources. Under section
301 of CUPCA, the Mitigation Commission was cregted the to performseverd specific tasks which had
previoudy been carried out by the Secretary of the Interior through the Bureauof Reclamation. Specificaly
recognized by CongressinCUPCA wasthe fact that many prior fishand wildife mitigationefforts, for CUP
and for other reclamation projects throughout the western United States, had lagged behind construction
of other project features and when implemented, were often inadequate when compared against modern
environmentad standards. Congress therefore specificaly addressed this shortcoming by establishing
standards for the Mitigation Commission to follow when developing and coordinating implementation of
plans for mitigationprojects. The Commission is required to include in its fish and wildife mitigation plans
measures which it determineswill “ ... restore, maintain, or enhance the biological productivity and
diversity of natural ecosystems within the State and have substantial potential for providing fish,
wildlife, and recreation mitigation and conservation opportunities,” and “... be based on, and
supportedby, the best available scientific knowledge.” ! Enhancement measures may beincluded in
the plans to the extent such measures are designed to achieve improved conservation or mitigation of
resources.

1.2 Purpose and Need for the Study

The purposes of this study and report are to determine the relaionships among streamflow and various
ecologica processes and conditions of the Provo River systemfrom Jordanelle Damto Utah Lake and to
devel op modding tools that canbe used to eva uate the ecol ogi cdl effects of dternative streamflow regimes.
Thisreport providesthe needed tool sto analyze theeffectsof different flowregimeson ecol ogical

components of the Provo River system, including: aquatic habitat, channel processes, sediment
transport, riparian vegetation, water quality, and recreational usability. This report, dong with
additional subsequent analyses, are needed to respond to several requirementsunder CUPCA and related
laws, asfollows.

. Address Previous Bonneville Unit Environmental Commitments.

At thetime of the 1987 Municipa and Industrid System Fina Supplement to the Find EIS, it was
anticipated that under full operation of the M&I System, higher flows would be released into the
Provo River below Deer Creek Reservoir and below Jordandle Reservoir than had higoricaly
occurred prior to the project. A concern was raised regarding the potential effects of those
high(er) flowsonfishery and recreationresources. Thefollowing Environmenta Commitment (EC)
was included in the Record of Decision for the M&I System:

From CUPCA, Sections 301(g)(4)(A) and (B)
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“Post-proj ect fishery studies will be conducted below Deer Creek Damto more precisdy examine
the impacts of summer habitat loss and winter habitat gain on the overal brown trout population
and ass=ss the feasibility of improving habitat through modification of streamflow regimens.”

. Comply with CUPCA Section 303(d)

Recognizing the concernregarding the potentid effects of high flowsin the Provo River systemas
a result of the Bonneville Unit being completed and operated, Section 303(d) of CUPCA aso
authorized the Mitigation Commission to “. . . conduct a study and develop a plan to mitigete the
effects of peak season flowsin the Provo River . . . "2

. Comply with Section 301(g)(4) and Section 304 of CUPCA

Under the ecosystemrestorationstandardsestablishedin CUPCA , fishand wildife mitigationmust
meet an ecosystem standard by restoring affected environments and contributing to the biologica
productivity, integrity and diversity of fish and wildife resources [CUPCA Section 301(g)(4)].
Constructionand operation of the Bonneville Unit and prior Reclamation projects, especidly of the
Provo River Project, and the Bonneville Unit's SACS and M& 1 Systems, had substantia impacts
on terredtrid, riparian and fish habitats in the affected streams and vdleys, including the Provo
River. Therefore many mitigation measures specificaly prescribed by Congressin CUPCA occur

2 “SECTION 303. STREAM FLOWS.

(d) MITIGATION OF EXCESSIVE FLOWS IN THE PROVO RIVER. - The Disgtrict shall, with public
involvement, prepare and conduct a study and develop a plan to mitigate the effects of peak
season flows in the Provo River. Such study and plan shall be developed in consultation with the
Fish and Wildlife Service, the Utah Division of Water Rights, the Utah Division of Wildlife
Resources, affected water right holders and users, the Commission, and the Bureau. The study
and plan shall discuss and be based upon, at a minimum, all mitigation and conservation
opportunitiesidentified through -

1) afishery and recreational use study that addresses anticipated peak flows;

2 study of the mitigation and conservation opportunities possible through habitat
or stream bed modification;

©)] study of the mitigation and conservation opportunities associated with the
operating agreements referred to in section 209;

4) study of the mitigation and conservation opportunities associated with the water
acquisitions contemplated by section 302;

5) study of the mitigation and conservation opportunities associated with section
202(2);

(6) study of the mitigation and conservation opportunities available in connection
with water right exchanges; and

7 study of the mitigation and conservation opportunities that could be achieved

by construction of a bypass flowline from the base of Deer Creek Reservoir to
the Olmsted Diversion.”
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or directly affect resourcesaong the Provo River.® These specific directives are in addition to the
more genera directive of Section 304 of CUPCA to complete the fish, wildlife and recreation
projectsidentified inthe May 1988 Draft Supplement to the Definite PlanReport for the Bonneville
Unit of the CUP. This study and report provides much of the needed scientific knowledge to
effectively incorporate fish, wildlife and recreation mitigation measures affecting the Provo River
corridor.

. Utah Lake Drainage Basin Water Delivery System

The CUWCD, Depatment of the Interior, and Mitigation Commission are joint-lead agencies
under the Nationd Environmenta Policy Act of 1969 (NEPA, stat.) for planning for facilities and
featuresto complete the Bonneville Unit. Thiscompletion project hasbeen termed the“Utah Lake
Drainage Basn Water Delivery Sysem”, oftencaled the Utah Lake System(or ULS). Thejoint-
lead agencies have developed a draft purpose and need statement to guide the planning process
forthe ULS. Thedraft purpose and need statement helps define why the UL S isneeded and dso
defineswhat purposesthe UL S isintended to accomplish. Those portionsof the purposeand need
gtatement to which this study and report respond are highlighted below.

The Advanced Preliminary Draft Plan Formulation Report describesthe following needs and purposes
for the ULS:

Needs - To complete the Bonneville Unit by delivering 101,900 acre-feet on an average annud
basis from Strawberry Reservoir to the Wasatch Front Areaand project water fromother sources
to meet some of the M&| demands in the Wasatch Front Area, to implement water conservation
measures, toaddressal remaining environmenta commitmentsassociated withthe BonnevilleUnit,
and to fully utilize current and future water supplies for M& | uses associated with the Bonneville
Unit.

3 seecu PCA, 88 302(a) and (b) and 303(c)(4) (appropriating funds for the purchase of water rights for the

purpose of establishing aminimum flow of 75 cfsin the Provo River from Olmsted Diversion to Utah Lake); 302(b)
(appropriating funds for the rehabilitation of diversion dams along the Provo River below the Murdock Diversion);
303(c)(2) and (3) (requiring minimum flows in Provo River of 125 cfs from Jordanelle Dam to Deer Creek Reservoir,
and 100 cfsfrom Deer Creek Dam to Olmsted Diversion); 307(a)(1) (appropriating funds for fish habitat restoration on
the Provo River between Jordanelle Dam and Deer Creek Reservoir); 307(a)(2) (appropriating funds for fish habitat
restoration on streams impacted by Federal reclamation projects in Utah); 309(a)(1) (appropriating funds for the
rehabilitation of the Provo River riparian habitat below Jordanelle Reservoir); 309(a)(4) (appropriating funds for the
acquisition of additional recreation and angler accesses and riparian habitats, in accordance with recommendations

of the Commission); 311(d)(2) (appropriating funds for recreation facilities along the Provo River corridor in Utah and
Wasatch Counties); 311(e) (appropriating funds for riparian habitat acquisition and preservation, stream habitat
improvements, and recreation and angler access along the Provo River from the Murdock Diversion to Utah Lake);
and 315 (appropriating funds for stream habitat improvements; acquisition of angler access to entire reach of Provo
River from Jordanelle Dam to Deer Creek Reservoir; and to acquire and develop 100 acres of wetland at base of
Jordanelle Reservair).
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Purposes -

1) To provide some temporary supplementa Bonneville Unit irrigation water in Utah County.

2) To protect water qudity of surface and underground water resources that may be affected by
Bonneville Unit completion.

3) To provide creative methods, fadilities and incentivesto implement water conservation measures,
reuse, and conjunctive use of water resources.

4) To assst with recovery efforts by participating in the June Sucker Recovery Implementation
Program.

5) To provide previoudy committed ingreamflowsand statutorily mandatedinstreamflowsand assst
in improving fish, wildlife, and recreation resources.

6) To provide for the United States to acquire adequate Digtrict water rights in Utah Lake to
implement the UL'S, and other water rights as authorized by CUPCA

7) To continue to provide Bonneville Unit water in accordance with existing contracts.

8) To develop project power.

1.3 Organization of this Report

This report provides the needed tools to andyze the effects of different flow regimes on ecological
components of the Provo River system, including: agquatic habitat, channd processes, sediment transport,
riparian vegetetion, water quality, and recreationd usability. It is organized into Introduction, Methods,
Results and Discussion sections.  The Introduction section provides a description of the study area and
includesaddineationof Provo River into hydro-geomorphologically defined reaches. Within thissection,
informationis provided that defines, in genera terms, both higtorica and exigting conditions. The Methods
section of the main document is relatively brief, with more detailed technica methodology descriptions
included as appendices. The Methods section provides a description of the study approach, reach
mapping, study site selection, and identifiesspecific toolsmodels that were selected to andyze the various
ecologica components of the Provo River and itsriparian corridor. The Results section is organized by
Study Site, inupstreamto downstreamorder. The Results section covers each study ste and channd reach
separately and emphasi zesthe unique rationship betweenstreamflowand the riverine environment, which
is gpecific to geomorphicaly different channel reaches. The Discusson Section compares and contrasts
the resullts of each study Steand channd reach. It concludes with a resourceintegrationdiscussion, which
describes in genera terms, the holigtic nature of the Provo River ecosystem, active geomorphic processes
that cause channel change over time, and trade-offs betweenresource componentsin evauating dternative
flow regimes.

This report covers channd reaches located between Jordanelle Dam and Deer Creek Reservoir (i.e.,
Middle Provo River); a separate companion report covers channel reaches located below Deer Creek
Dam — areas known as “Provo Canyon and Lower Provo River.”
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1.4 Resource Integration

Theintent of this report is to relate stream flow to the riverine environment in a holistic manner. Aquatic
habitat, riparianvegetation, sediment trangport, and water quality characteristics aredl directly influenced
by streamflow, and dso influence eachother either directly or indirectly (Diagram1.1). Both physicd and
ecologica processes directly affect individua resources (i.e., fish habitat), and can change over time in
response to atered streamflows (hydrology) or channd conditions (geomorphology). Therefore, it is
important to refer to thisreport and its resultsin an integrated context, rather than focusing on the results
of asngle resource anadlyssinisolaion. Riversaredynamic, integrated systemsthat are ultimately formed
and maintained by the long-term flux of water and sediment. Proposed changes to the water operations
on the Provo River will result in both short-term and long-term changes to the physical and ecologica
characterigtics of the river system, indudingitsripariancorridor. Dueto practical necessity, someanayses
described within this report (such as the 2-dimensiond aquatic habitat modeling) are based on the
assumption that channel morphology and roughness characteristics of the study sites will remain dtetic
following changesto water operations.  While this assumption may be accurate in the short-term (months
to years), it ismogt likely inaccurate in the long-term (yearsto decades) if there are Sgnificant changesto
the sediment or water flux. Therefore, the results of the 2-dimensiona aguatic habitat modeling should be
considered jointly with the results of the sediment transport and riparian vegetation analyses, because
changes in these resources could dter the projected habitat-flow relationships.

1.4.1 Streamflow and Sediment Transport
Influences

The various aspects of the streamflow regime, including the magnitude, duration, and timing of floods and
low flows, exert astrong influenceonthe characteritics of riverine ecosystems. Flow, in conjunction with
sediment supply, controls the rate, timing, and Size characteristics of sediment transport through a channdl
reachof givensize and sope (Diagram 1.1). The forces associated with moving water (i.e., shear stress?)
moahilize and transport sediment ether as suspended load (typicaly sand, sit, and clay Sze particles) or as
bedload (typicdly particleslarger thanfine sand). Asflow magnitudeincreases, smdler sizeparticlesbegin
to move in suspension, and then once a threshold discharge is reached, bedload transport isinitiated and
particles begintoroll or sdtate over the bed. Therate of sediment transport and maximum mobile particle
dzeincreasein a podtive rdationship with streamflow magnitude (assuming unlimited sediment supply).
Streamflow durationaso plays an important role in sediment trangport. Incoarse-bedded (gravel-sze or
larger) rivers, research has documented multiple phases of bedload movement (Andrews 1994, Jackson
and Beschta 1982). In the initid phase, transport is predominantly sze sdective, and deposits of fine
sediment become mobile and are “winnowed” from the bed while the larger gran szesremain sable. If
flows reman devated for an adequate length of time, this supply of fine grained material becomes

AShear stress (t) iscaculated as: T=yRS, where y isthe specific weight of water, R is hydraulic radius
(approximately equal to water depth in most channels), and Siswater surface slope.
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Diagram 1.1. Schematic illustration of major interactions among

riverine resources and processes.

exhausted. If flowsexceed the shear stress threshold to trangport the sizes, thentransport entersan* equa
mobility” phase where a more complete range of particle Szes, including coarser materid, are in maotion.
These dua phases of transport have been observed on the Provo River (Olsen et a. 1996), and the
trangtionto the equal mohility phase has been found to beimportant for maintenanceof spawning substrate.
Flows mug be kept high for severa daysin order to effectively flush accumulations of fines and aguetic
plants from spawning gravels in the Lower Provo River (Olsen et a. 1996). Flushing flows are also
important for maintenance of substrates that provide habitat for macroinvertebrates.

Through its influence on sediment transport, streamflow also controls the processes of deposition and
erosionthat shape and maintain channg morphology. When the shear tress associated with moving water
exceedsthe strengthand inertia forces of bed or bank material, erosion occurs. If shear stressdecreases,
elther due to reduced streamflow or due to a change in channd width and dope (i.e., at atrangtion from
anarrow, steep reachto awider, flatter reach), deposition will occur. Within a channel, specific zones of
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deposition and erosion vary spdidly and tempordly. An example of thisis the fact that, in gravel-bed
streams, riffles become depostiona zones during high flows due to velocity reversds. Concave shaped
pools are typicaly zones of dow moving deep water with areatively flat profile and water surface dope
during low flow. Convex shaped riffles, on the other hand, are zones of faster water with a steep profile
during low flow due to the amount of drop betweenthe flaiter pools. Vel ocity reversals are caused by large
increasesinwater surface dope over pools as stage increases with a corresponding small change inwater
surface dope over riffles. These changes in water surface dope cause the shear stress to become greater
in pools than riffles during high flows. Therefore, the velocity reversa phenomenon causes sediment that
has been entrained inzones of high shear stress (pools) to become deposited in zones of low shear stress
(riffles) during highflows. The opposite occursduringlow flow. The velocity reversal processisimportant
for the maintenance of pool and riffle habitats, and dterations to the streamflow regime could disrupt this
process and dter the ditribution and diversity of instream habitat types.

Streamflow aso controls other aspects of channel morphology. Although non-adluvid influences such as
bedrock outcrops and valey confinement can dter local channd characterigtics, the size and shape of a
channd are predominantly a function of the flux of water and sediment through the sysem. FHood
meagnitude and frequency are particularly important in this regard. The bankfull discharge, which is the
discharge that just overtopsachannd’ sbanks, hasbeenfound to be approximately equd to the 1.5to 2-
year recurrence interval flood (Leopold et d. 1964). The bankfull discharge has dso been found to be
approximately equal to the effective discharge (Andrews 1980, Andrews 1994, Leopold 1992). The
effective discharge is defined as the increment of discharge that transports the largest amount of sediment
whenaveraged over the long-term. Streamswill adjust their bankfull dimensionsto match the new effective
discharge if it changes due to flow ateration (Andrews 1986, Andrews 1994). Therefore, effective
discharge isauseful predictor of potentid channel changes associated with dtered flow regimes.

In addition to contralling channd size, flood magnitude and frequency aso form and maintain channd
macro-features induding bars, idands, and floodplains. In unregulated streams that have not been
channdlized, floodplain surfaces are at an elevationthat isinundated on ardatively frequent basis by flood
magnitudes on the order of the bankfull discharge. Thisregular inundation maintains connectivity between
the main channd and floodplain areas, ensuring transport, dispersd, and cyding of sediment, nutrients,
woody debris, and seeds. These processes are essentid for adequate recruitment of riparian vegetation
species and maintenance of water quality and habitat complexity. On streams where floods have been
reduced due to dams or diversons, or where floodplain surfaces have been diminated by levee
congruction and floodplain development, this important connectivity islog.

The erosive forces associated with larger, infrequent floods (on the order of the 25- to 100-year events)
play an important role in the formation and maintenance of habitat complexity. Large floods creste and
remove bars and idands, causechannd migration, creates dechanndsthrough channel avluson, and create
and remove log jams. These features provide backwater and refugia habitat for aquatic species. Large
floods aso create fresh substrate deposits on scour-protected surfaces ideal for colonization by
disturbance-dependent riparian species such as cottonwoods.
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1.4.2 Inter-resource Influences

While streamflow serves as anindependent “master” variable withdirect influenceonthe full range of river
resources, the individua resources aso influence each other in important ways (Diagram 1.1). Riparian
vegetation exertsadirect effect on sediment transport and stage-discharge characteristics by serving asa
hydraulic roughnessdement wheninundated at highflows. In addition, the roots of streamside vegetation
increase bank strength, helping inthe creation of undercut banks that provide cover and resting habitat for
fishand amphibians. Riparian vegetation also functions asasource of logsand rootwads that create woody
debris jams that in turn increase habitat complexity. The riparian canopy provides stresmside shading,
whichreduces peak water temperatures and reduces diurnd temperature fluctuations. Water temperature
has an important influence on the composition of fish and macroinvertebrate populations, and its seasondl
vaiability provides triggers for criticd life cyde functions such as spawning and larva hatches. Water
temperature aso strongly controls dissolved oxygen levels.

1.4.3 Amphibians and Riparian Obligate Species

In addition to their important influences on aguatic habitat, sream morphology, and water qudlity, riparian
zones aso play aunique and vitd role in providing habitat for amphibians and terrestrid wildlife. Although
riparian zones comprise less than 2 percent of dl terrestrid habitats, they are used by a greater diverdty
of wildife than dl the remaning habitats combined (Hawkins 1994). Bird species are paticularly
dependent on riparian zones for breeding, migratory, and wintering habitat (Knopf and Samson 1994).
Riparian zones dso provide important linear corridorsfor anima and bird movement. Riparian floodplain
areas that contain Sde channds, oxbow ponds, or vernd pools provide essentiad amphibian habitat.
Because riparian areas are so vitd to wildlife changes in streamflow patterns that ater riparian
characteristics can have ecologicd effects that extend far beyond the local aquatic environment. We
recognize the importance of these off-channel/riparian area habitats dong the Provo River onamphibians
and riparian obligate species, yet it was beyond the scope of this report and not possible to provide a
detailed eva uation of the flow/habitat rel ationshipsfor amphibians and riparian obligate habitats at thistime.

1.5 Study Area

1.5.1 Overview of Provo River watershed

The Provo River originatesinthe UintaMountains at an eevation of gpproximately 10,800 feet and flows
toward the west into Jordanelle Reservoir. From Jordanelle Dam, the river flows south-southwest into
Deer Creek Reservoir and through Provo Canyon. Provo River then flowsthrough the cities of Orem and
Provo, ultimady discharginginto UtahLake (Map 1.2). Thestudy areafor thisproject includesthe Provo
River and its floodplain from the Jordanelle Dam outlet to UtahLake. Excluding the“lake’ portion of the
river within Deer Creek Reservoir, atotal channd lengthof gpproximately 30 miles was evauated for this

study.
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Average annud precipitation in the study arearanges from 15.7 inchesin Heber City (URMCC 1996) to
21 inches at the Olmsted Power Plant near the mouthof Provo Canyon to 13 inchesin downtown Provo
(BIO-WEST 2000). Themagority of thisprecipitation comesin theform of snow during thewinter months
and mdts and runs off during the spring and early summer months.

1.5.2 Description of study reaches

Within the Study Area, the main stem of the Provo River wasdivided into atotal of 8 digtinct study reaches
based on differences in hydrologic and geomorphic conditions. The hydrologic factors considered were
positionreative to dams, diversions, and mgor tributaries; the geomorphic factorsconsi dered were channel
dope; degree of valey condraint; and channelization. Figure 1.1 shows a generdized longitudind profile
of Provo River within the Study Area. A tota of eight distinct reaches were identified, and are listed in
Table 1.1. Thisreport specifically covers the upper reaches between Jordanelle Dam and Deer Creek
Reservoir (Reaches 7 and 8).

1.5.3 Historical changes from ‘“natural”
conditions

The hydrologic, geomorphic, and biological characteristics of the Provo River system have been greetly
atered by avariety of historical anthropogenic influences. Within the Study Area, flows are affected by
a complicated network of dams, water imports, and water diversions constructed for hydropower,
irrigation, and water supply purposes. In additionto the natura runoff of the Provo River basin, there are
two transbasndiversgonswhichimport water into the basin above Jordanelle Reservoir. TheWeber-Provo
Diverson and Cand originatesfromthe Weber River gpproximately near Oakley, Utah and is discharged
into the Provo River near Woodland. Thisfeaturewasenlargedin 1948 aspart of the Provo River Project.
The second transbasin diverson comes from the Duchesne River. It was completed in 1952 and
discharges into the Provo River gpproximately 14 milesupstream of Woodland. Other important features
of the Provo River Project include among others the Deer Creek Dam and Reservoir, the Murdock
Diverson and Murdock Cand. Various other diversions are present throughout the Study Area. In
addition to dtering streamflows, the dams and diversons on the Provo River trgp large amounts of
sediment, dtering sediment supply and transport through the system. The diversion structures o create
“knick points’ in the channel profile that atificdly flaiten channd gradient in both the upstream and
downstream directions and lead to deposition of fine-grained sediment (e.g., sand and sit) within the
subgtrate materid.

As part of the origind Provo River Project plan authorized by Congress, stretches of the Provo River
above Deer Creek Reservoir were straightened and channdizedinthe period fromlate 1944 to early 1953.
This work was done with the intent of “bettering” the Provo River, and included clearing the channd,
placing dikes, placing slls, and congtructing severd small timber bridges. Thiswork was carried out by
the government from 1944 through 1951, and was compl eted under contractswithprivatefirmsfrom 1951
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Figure 1.1 Generalized longitudinal profile of Provo River
within the Study Area.
Table 1.1. General Reach Information.
a
REZER Reach Description Reach.Length
Number (miles)
Utah Lake to Tanner Race
& (Lower City Dam) 3.14
2 Tanner Race to Murdock Diversion 5.95
3 Murdock Diversion to Olmsted Diversion > 57
(lower gradient sections) :
Murdock Diversion to Olmsted Diversion
4 . - ; 1.59
(higher gradient sections)
Olmsted Diversion to Deer Creek Reservoir
5 . ; 4.24
outlet (confined sections)
Olmsted Diversion to Deer Creek Reservoir
6 - . 0.80
outlet (less confined sections)
7 Deer Creek Reservoir inlet to Jordanelle Dam 569
outlet (channelized sections) :
8 Deer Creek Reservoir inlet to Jordanelle Dam 464
outlet (restored sections) :
* Reach lengths do not include backwater areas behind diversion dams.
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through 1953. In connection with the channdlization work, the Bureau of Reclamétion, inthe period from
the 1940s through the 1950s, acquired some fee lands and flood and construction easements in the name
of the United States embracing smal sections of the Provo River in the Heber Valley and upstream.

After severd years of full project operation, however, the Provo River Project began to experience
problems. One problem stemmed from the fact that the entire water supply of the Provo River Project
(including naturd flows of the Provo River and imported flows of the Duchesne and Weber rivers) could
not be conveyedinthe Provo River channd without causing bank erosionand floodinginthe Heber Valey.
This problemresulted inthe development and approva of the Provo River Channe Revisonproject. This
was authorized in 1959, and carried out under contractsfrom 1960 through 1965. 1n connectionwith the
channd revison work, the Bureau of Reclamation acquired some additional fee lands and flood and
constructioneasements. Thisproj ect enlarged the capacity of the Provo River channel and further stabilized
the banksthrough diking, Straightening and erosion control measures suchas placing large riprap dong the
banks and dikes.

Thesevarious activitiesaong the Provo River channd fromthe 1940sthroughthe 1960s adversdly affected
the river’ s formerly abundant and diverse natural resources, epecidly forested riparianareas and instream
fish habitats.

In Study Reaches 7 and 8, most of the Provo River has aso been sgnificantly and extensively affected by
channdlization activities. With the exception of a 1.3 mile section near Midway that was never leveed,
nearly the entire stretch of the Provo River between Jordanelle and Deer Creek Reservoirs (Reaches7 and
8) wasstrai ghtened, dredged into the shape of anincised trapezoidal cand, and constrained betweenlevees
built to protect adjacent agriculturd land from flooding (U.S. Bureau of Reclamation Dataweb, 2002).
Beginning in 1999, the Mitigation Commission has undertaken large-scale channd recongtruction efforts
within Reaches 7 and 8 to restore large sections of the river to amore natura channd form. The restoration
construction efforts are expected to be completed in 2005 or 2006.

Channdlization has dso been extensve within the lower portions of the river. In Provo Canyon (Reaches
3-6), theriver has been channdized and |eveed to enable highway and railroad congtruction. Natural lateral
migration of theriver istherefore redtricted, asis channd-floodplain connectivity. Similar channdlization
and levee-building activities have occurred in Reaches 1 and 2 to protect adjacent agricultura and urban
development. In generd, the lack of large, functiona floodplain areas that are connected to the river
severdy reduces the spatia and tempora diversity of in-streamhabitat, and limits natura recruitment and
extent of riparian vegetation.
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1.6 Existing Conditions: the Middle
Provo River (Reaches 7 and 8)

Asprevioudy mentioned, thisreport covers study resultsfor Reaches 7 and 8 only (Map 1.3). However,
there are seven different study Sites used to represent the many different dements expressed in these
reaches. Firgt, Reach 7 includestwo study Sites, Sites7 and 7a. Site 7 represents the channelized portions
of river whereas Site 7a represents the unique man-made cascades which are located below several
diversongtructures. These short cascades provide a unique habitat that would not otherwise exist in this
portion of the Provo River without the physical presence of the diverson structures. There are no side-
channdls associated with Reach 7.

Second, Reach 8 includesfive study stes; Sites 8, 8b, 8c, 8d, and 8e (Map 1.4). Site8representstheun-
channelized portions of the main stem of theriver. In generd, the complexity of the river is much greater
and sde-channds exig in the river sections that have been restored or never channelized. Site 8b
represents an higtoric ditchthat exhibits some naturd stream fegtures that is currently being used to deliver
returnflow back to the Provo River fromthe Rock Ditch Diverson. Site 8c represents side-channels with
moderate meanders and a relatively highwidth-to-depthratio (Smilar to the “C” streamtype based on the
Rosgen (1996) classficationsystem). Site8d representsside-channelsthat have extensvebeaver activities
(i.e, a series of beaver dams). And findly, Site 8e represents sde-channels with tight meanders and a
relativey low width-to-depthratio (amilar to the “E’ streamtypebased onthe Rosgen (1996) classfication
system). Although side channel sites 8c, 8d, and 8e were evauated separately for modeling purposes, it
isimportant to note that they connect withthe main stemof the Provo River near Site 8; therefore, habitats
associated with the individua sde channel study Sites aso contribute to the overdl habitat diversity and
availability associated with Ste 8. Overdl habitat in Reach 8 is best represented by the combination of
Sites 8, 8c, 8d, and 8e. Site 8b represents a unique Situation associated with a specific diverson system,
and does not represent Reach 8 as awhole.

1.6.1 Hydrology

Currently, streamflows in the Middle Provo River (Reaches 7 and 8) are controlled by releases from
Jordanelle Dam, and are further affected by severd agriculturd diversions in the Heber Valley.
Hydrogeologicaly, this portion of the Provo River isaganing streamreach, and groundwater inputs from
seeps and springs (including irrigation return flows) augment streamflow before the river discharges into
Deer Creek Reservoir. Snake Creek and other smdler tributaries join the Provo River upstream from
Deer Creek Reservoir. Although Jordanelle Dam has reduced pesk flows and artificidly eevated low
flows, the generd hydrologic pattern of the Provo River upstream of Jordandle Reservoir remans
predominatdly that of a snowmelt-dominated system despite several smdl storage projects (Trid, Lost and
Washington L akes) present on headwater lakes. Flowstypicaly peak inthe soring and recede to baseflow
levels by mid-summer. Thetypica flow regime for the Middle Provo River is represented by water year
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1999 datafromthe U.S. Geologica Survey (USGS) gage at Charlestonand isplottedinFigure1.2. Flows
a the Hallstone gage, which is located upstream of Jordanelle Reservoir and represents the unregulated
(i.e., unaffected by large dams) flow regime, are aso plotted in Figure 1.2 for comparison. Currently, a
minimum ingream flow of 125 cfsislegdly required in Reaches 7 and 8.

Typical Provo River Hydrographs
Data from Water Year 1999
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Figure 1.2. Typical Provo River hydrographs.

1.6.2 Geomorphology

As previoudy discussed, the Middle Provo currently includes both straightened, channdlized sections
(ddlinested as Reach 7) aswdl asrecently restored and never-channelized sections (delineated as Reach
8) (Map 1.3). Planformof Reach7 sectionsis rdatively straight with minor, gradua bends and asingle-
thread channel pattern; Reach 8 sections, in contragt, have frequent idands, numerous side channels, and
a more snuous plan form (Map 1.3). Cross-sectionally, Reach 7 sections are relatively narrow and
constrained between steep, leveed banks. Reach 8 sections are wider with lower, more gradual banks,
and more diversein-channd topography (Figure1.3). Becauseof the presence of levees, Reach 7 sections
are disconnected from their floodplain, and the width of inundation is narrow even at high flows.

Sediment supply within Middle Provo River has been sgnificantly dtered by Jordandle Dam. Essentidly
no sediment is supplied to Reaches 7 and 8 from upstream due to trapping by the dam. Sediment inputs
are therefore restricted to direct inputs from bed and bank erosion or other nonpoint sources.
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1.6.3 Water Quality

Water qudity within the Middle Provo River is generally good, and the river is meeting the standards for
its designated beneficia uses. Jordanelle Damis equipped withamulti-leve rel ease structurethat enables
water to be drawn fromvarious devations withinthe reservoir. Thisstructure reducesthetemperature and
dissolved oxygen impacts that are often associated withreservoir releases, and dlowsfor management of
releases to reduce downstream nutrient inputs. Water pollution controls have been implemented in the
Heber Vdley to improve the qudity of water entering Deer Creek Reservoir. Pollutant loads in storm
water runoff from developed land and infrequent high magnitude eventsin Provo River is gill unknown.

1.6.4 Riparian Vegetation

Theriparianvegetation characteristics of the Middle Provo River wereexaminedindetail in 1997 and 1998
as part of studies conducted for the Provo River Restoration Project (Stromberg et d. 1999). Dominant
riparian tree species include cottonwood (Populus angustifolia), box elder (Acer negundo), and alder
(Alnusincana). Dominant shrub speciesinclude coyote and ydlow willow (Salix exigua and S. lutea),
red-osier dogwood (Cornus sericea), wood's rose (Rosa woodsii) and river hawthorn (Crataegus
dougdasii). A wide variety of herbaceous species including forbs and grasses are present; dominant
species include redtop (Agrostis stolonifera), bluegrass (Poa pratensis), reed canarygrass (Phalaris
arundinacea), horsetail (Equisetum arvense), and thigtle (Cirsium arvense).

In generd, riparian species richness is grester in unchanndized river reaches than in channelized reaches,
and vertica canopy Structure is more diverse (Stromberg et d. 1999). In the 1.3 mile sectionof Reach 8
near Midway that has historicaly remained unchannelized, riparianvegetationwidthisas great as 1300 feet
(400 m). In contragt, riparian vegetation width in channdized reacheswhere theriver isdisconnected from
its floodplain by leveesis only 200 to 400 feet (60 to 120 m) (Stromberg et d. 1999). Results of age
dructure andyses indicate that recruitment of cottonwoods (Popul us angustifolia) is occurring on point
bars and idands in both channdized (Reach 7) and unchanndlized (Reach 8) portions of the Middle Provo
River (Stromberg et d. 1999). However, the 1.3 mile section of river near Midway that was never
channdlized digplays the greatest variety in cottonwood ages due to its wide diversity of fluvia surfaces,
connectivity to itsfloodplain, and presence of active sde channels (Stromberg et d. 1999). Thisdiversty
alows for more frequent cottonwood establishment under a greater variety of flow scenarios.

1.6.5 Fisheries

The Provo River system supports a diverse array of aquatic species that are important for management
agencies, however the fishery is dominated by trout, primarily brown trout (Salmo trutta) (Wiley and
Thompson 1998). The Provo River isthe most heavily fished stream fishery in Utah and alarge segment
of the river is managed primarily for brown trout, induding the entire Middle Provo River. Specid
regulaions require artificid lures and flies only and specia daily bag limitsarein place to maintain the high+
qudity fishery. Since 1975, the Utah Divison of Wildlife Resources (UDWR) began managing for wild

BIO-WEST, Inc. Provo Flow Study - Jordanelle to Deer Creek
February 2004 1-22 Final Report



fish with the discontinuation of hatchery stocking. Rainbow trout (Oncor hynchus mykiss) were stocked
extengvdy prior to 1975, but wild populations of this species have not produced the numbersand biomass
of fish that brown trout have. Much less abundant are the native sportfish, Bonneville cutthroat trout
(Oncorhynchus clarki utah) and mountain whitefish (Prosopium williamsoni).

Many species of native fishes occur in the Provo River, dthough most are uncommon to rare in the
presence of abundant piscivorus brown trout (Belk and Ellsworth2000). One species, the mottled sculpin
(Cottusbairdi), coexistswdl withthe browntrout; abundant cobble substrate provides high qudity habitat
and refuge from brown trout. Mountain whitefish are dso common in resches containing habitat with
greater depths (>3 feet). The speciesis Smilar to trout inbehavior and habitat requirements, but generdly
requires dightly grester depths.

The Middle Provo River contains anumber of native fish species. Utah sucker (Catostomus ardens),
longnose dace (Rhinichthys cataractae), speckled dace (Rhinicthys osculus), mountan sucker
(Catostomus platyr hynchus), lesthersidechub (Gilacopel), Utahchub (Gilaatraria), and redside shiner
(Richardsonius balteatus), are rare to uncommon throughout this section (Belk and Ellsworth 2000).
These speciesare largdy restricted to off-channe habitat such as backwatersand cutoff pools inareaswith
more natura habitat structure. Areas that are channelized with high levees do not afford the escape cover
the smdl native fishes need in the presence of the (larger) non-native brown trout.

1.6.6 Macroinvertebrates

The National Aquatic Monitoring Center has collected and/or processed macroinvertebrate samplesfrom
the Provo River at four locations between Jordanelle Damand Deer Creek Reservoir (Mark Vinson2002,
pers. comm.). They have samplescollected in 1996 and 1997 near the crossing of Route 40, and samples
collected in 1999 near the Route 113 crossing, and above and below River Road (Map 1.3). These
samplesencompassed channdized and unchanndized areas of the river, induding the areathat hasrecently
undergone restoration work below Jordanelle Dam.  Shiozawa et al. (2002) aso collected samples at
amilar locations withinthis areain 1999, 2000, and 2001. Samplescollected from 1999-2001 from both
these studies showed ardatively diverse community where anywhere from 25-46 taxa were collected at
individua stations (Shiozawaet d. 2002). A variety of mayflies, oneflies and caddisflies were collected
throughout the area.

1.6.7 Recreation

FHshing isthe dominant recreationd use on the Middle Provo River. Other usesinclude wading and some
rafting.
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1.6.8 Issues

As described in the Purpose and Need sectionabove, this study is designed to evaluate and determine the
rel ationships among streamflow parameters and habitat/ecologica processes within the Middle Provo
River. Inaddition to thisgeneral need, severa issues and concerns are specific to the Middle Provo River.

This study attempts to provide information and tools to address these issues and questions, which include:

. What is the potentid for channd armoring and substrate coarsening due to sediment trapping by
Jordandlle Dam?

. What is the habitat vaue of restored stream reaches rdative to channdlized stream reaches?

. What are the habitat characteristics of sde channels and do they benefit native fish species?
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2.0 METHODS
2.1 Channel Reach Mapping

Maps of the entire river channd in the Study Areafrom Jordandlle Dam to Utah Lake weredeveloped in
order to determine the most appropriate study Ste locations and study Site length that best represent the
complexity of habitats within each channd reach. An atlas of 1’ = 200" USGS orthophoto sheets was
prepared for the entire Study Area for fidd mapping purposes. Aquatic and riparian habitat polygons
(Table 2.1) were hand-drawn directly on the orthophoto sheets in the fidd. Mapping was completed
during the weeks of March26-29 and April 8-13, 2002 at flows ranging from 100 to 125 cfs. The hand
drawn polygons were then digitized into GIS for spatid andyss. Tota acreage and proportion of each
habitat type within the various channd reaches was quantified. This informationwas used to initidly locate
appropriate study sitesthat included the range of habitat types present within the various reaches. Before
thesteswerefindized, the preliminary study Sitelocations were visted inthe fidd by members of the Provo
FHow Study Group (including BIO-WEST gaff, Montgomery Watson Harza staff, Craig Addley [USU],
Mark Holden [URMCC], Chris Keeher [CUWCD], and Raph Swanson [Department of Interior]) to
ensure that the stes would be acceptabl e to the partiesinvolved. Find minor adjusmentsto the udy Ste
boundaries were made by field survey crewsto ensurethat the steswould be feasible/practica to survey.
Study sites were numbered such that the numbering matches the reach numbers (i.e., Site 7 represents
Reach 7, etc.).

The channd reach maps were also used to extrapolate modeled habitat at the “ Site” scae tototal habitat
available within the “Reach.” Methods for data extrapolation are described in section 2.3.6 below.

2.1.1 Aquatic Habitat Types

The categories used to map agquatic habitat at the reach scale are shown in Table 2.1. These categories
are based on standard habitat types used in fisheries biology; however, the categories have been modified
and expanded to fit the specific conditions encountered on the Provo River.

2.1.2 Riparian Habitat Types

The categories used to map riparian vegetation typesat the channel reachscde arelisted in Table 2.2. In
addition to these broad categories, dominant species types within each category were noted on the fidd
maps, and areas with young cottonwood trees (i.e., areas exhibiting recent cottonwood recruitment) were
specificaly noted.
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Table 2.1.

Aquatic habitat types used in channel reach mapping.

Code

Habitat
Type?

Broad
Habitat
TypeP

Description

IS

Island

Island

Any parcel of land within the flood plain that
is surround by either wetted channel or dry
channel that is periodically inundated during
higher flows.

MR

Moderate Run

Run

An area of moderately flowing water, with
little surface agitation and approximately
uniform flow. Generally comprising the
thalweg and the majority of the channel.

SR

Slow Run

Run

An area of slowly flowing water, with little
surface agitation and approximately uniform
flow. Usually adjacent to the thalweg and
the majority of the channel.

PR

Pooled Run

Run

Slow to fast flowing reaches, with little
surface agitation and approximately uniform
flow. This habitat type possesses increased
depth as compared to other run types and
better provides resting and cover habitat.

RI1

Riffle

Riffle

A shallowarea with turbulent, swiftly flowing
water and some partially exposed cobble or
large gravel substrate.

CA

Cascade

Riffle

The steepest riffle habitat, consisting of
alternating small waterfalls and shallow
pools usually with bedrock, concrete riprap
and boulder substrate.

BW

Back Water

Pool

A zero velocity habitat found along the margin
of the stream resulting from back-flooding
upstream and usually separated from the
channel by a gravel bar.

EP

Eddy Pool

Pool

A pool type habitat with a circular current of
water branching from, and initially flowing
opposite to, the main current.

PO

Pool

Pool

A portion of the stream with diminished
current velocity and depths considerably
larger than the surrounding area, thereby
providing resting and cover habitat.

CP

Corner Pool

Pool

A lateral pool formed at a bend in the
channel sufficient to concentrate flows and
scour a depression.

DP

Dammed Pool

Pool

Pool type habitat created by a channel
obstruction, usually resulting from a
diversion structure. Depths vary frominches
to feet depending on height of structure.

BIO-WEST, Inc.
February 2004

Provo Flow Study - Jordanelle to Deer Creek
2-2 Final Report



PP Plunge Pool Pool Habitat found where the river passes over
either a partial or complete channel
obstruction. The pool is usually formed and
maintained by the velocity of the water passing
over the obstruction and scouring out a
depression.

DC Dry Channel Island Any side channel which had no flow during
mapping but possessed evidence of use during
higher flows.

SwW Slack Water Run Zero velocity water along the edge of the
channel.
PWR Pocket Water Run Deep run with boulders and/or large cobbles
Run that provide small pools.
CB Cobble Bar Bar Depositional area of the channel dominated by

cobble-sized substrate which was not
inundated during mapping.

GB Gravel Bar Bar Depositional area of the channel dominated by
gravel-sized substrate which was not
inundated during mapping.

2 These categories used for field mapping of channel reaches.

® These categories used for extrapolation of modeling results.

Table 2.2. Riparian vegetation types used in channel reach

mapping.

VI EN A Description

Type

Wooded Areas dominated by trees. Common species included cottonwood and
box elder. Stand age (young vs. mature) was noted on field maps

Scrub-shrub Scrub-shrub riparian area. Dominant species included red osier
dogwood, willow, and hawthorn.

Herbaceous Riparian areas consisting mostly of grasses, sedges, and/or rushes.

Disturbed Disturbed areas consisting of bare ground, rip rap, etc.

2.2 Determination of Streamflows

2.2.1 Targeted Streamflows

Target sreamflowswereidentified to addresspecific concerns within each reach prior to the devel opment
of thework plan. Theoverriding study objectivesrequired that the approach be ableto assessflow-habitat
rel ationships and ecol ogical processes over the full range of flows anticipated within each reach (including
peak or over-bank flows where possible), and that models be calibrated or fine-tuned around the flows
of gpecific concern. A flow proposa was developed for the various reaches and submitted to Provo River
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system dam and diverson operators for implementation. A commitment was made by participating
organizations to implement the flow proposal.  Although drought conditions during spring runoff in 2002
made it chalenging to ddiver adequate pesk flows for this sudy, cooperating agencies worked together
and delivered the requested flows. Provison of the flow releases needed for this study occurred in
consultation with the June Sucker Flow Work Group to ensure rel eases were coordinated with provision
of targeted June sucker spawning flows.

2.2.2 Streamflow Determination

Actud streamflows encountered during sampling were determined usng a combination of “red time’
provisond data at USGS gauging dations combined with field measurements. Table 2.3 provides data
sources and cal culation techniques used to determine streamflowsfor each study Ste, and gage locations
are shown on Map 1.3.

Table 2.3. Data sources and calculation techniques used to

determine streamflow at the various study sites.

Site Data Source/ Calculation Technique

Study Site 7 USGS Station #10155500 (Provo River near Charleston) 15 minute

and 7a real-time data - 38 cfs (field measurement difference between Site 7/7a
and the Charleston Gauge).

Study Site 8 USGS Station #10155200 (Provo River at River Road Bridge) 15
minute real-time data - 8c (field measurements in adjacent side-
channel).

Study Site 8b-8e | Field measurements.

2.3 Physical Aquatic Habitat Modeling

Modeling of physicd habitat consisted of 1) generating detailed digita terrain models (DTMs) of each
intensve sudy ste, 2) overlaying substrate types onto the DTMsfor modding hydraulic roughnessand for
modding fish and riparian habitat, 3) two dimensiona modding of flow fields at each Ste over arange of
flowsand 4) habitat modding (details in Appendix A). Two-dimensiona model swere devel oped for Study
Sites 7, 8, 8b, 8c and 8e, and these models were used to represent habitat in Reaches 7 and 8,
repectively.  Study Sites 7a and 8d were not suitable for hydraulic modeling due to either the steep
cascading gradient at Site 7a and step-pool morphology at Site 8d; therefore, habitat-flow relationships
at these stes were evaduated using a point-sampling technique (see section 2.3.7).
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2.3.1 Detailed Topographic Surveys

At each of the study stes, complete channd and near channd floodplan topographic data were surveyed
in the fidd usng total station equipment. Approximately 1,800-3,000 topographic data points were
typicdly surveyed a each site. Survey data were reviewed for completeness (missing data, holesin the
topography, etc.) onadaily basis usng ArcView software, and supplementary topographic surveyingwas
conducted to ensure that data density was adequatefor accurateterrainmodel development. A find editing
of the topography wasaccomplishedinthe officeusng OrthoM ax 3D visudizationsoftware. Terrain points
were added interactively toinsurethat the terrain interpol ation dgorithm (triangular irregular network [TIN]
with break lines) accurately represented the channel topography.

2.3.2 Substrate and Riparian Mapping

Substrate and riparian vegetation dassifications throughout the study siteswere hand-ddlineated inthe fidd
on printsof the terrain maps generated fromthe topographic surveys. Mapping was completed at low flow
(between gpproximately 7-15 cfsin sde-channds and 125-175 cfs in the main channd, depending onthe
ste) when the entire channd was visible, and mapping for al study sites was completed by the same
individud to ensure consstency. Substrate was delineated into visibly homogeneous subgtrate types based
on dominant and subdominant particle szes. Classfication was based on a modified Wentworth scae
(Table2.4). Disturbed or rip-rapped areas were placed into the size classthat most closely corresponded
to the dze of the rip rap or disturbed soil. Riparian vegetation was delineated into the following broad
categories: grass/herbaceous, scrub-shrub, and mature tree. Substrate and riparian maps were digitized
into a GIS layer using ArcView software.

Table 2.4. Size classes?® used for substrate mapping.
Size Class (mm) Description
<2 sand/silt
2-8 fine gravel
8-32 medium gravel
32-64 large gravel
64-96 small cobble
96-192 medium cobble
192-256 large cobble
256-512 small boulder
512-1024 medium boulder
>1024 large boulder

2 Size classes are based on a modified Wentworth scale.
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Hvdraulic Calibration

2.3.3

Held surveys of water surface profiles were completed using totd stationequipment at aminimumof four
different discharge levels a each sudy site. Supplementary stage information for intermediate discharge
(flow) levds was collected by measuring water surface eevation reaive to the eevation of ingtdled
upstream and downstream stage rebars with a tape measure. Specific flow levels surveyed or measured
a eech dSteare liged in Table 2.5. Measured water surface elevation data were used to generate stage
discharge relationships at the upstream and downstream boundaries of each study Stethat were then used
for modd cdibration. Water surface eevation at Site 8b was only surveyed a “low” and “medium’
discharge levels because of the anticipated constant flow conditions in this regulated ditch.

Table 2.5. Discharge levels for water surface elevation
measurements.
Study Site Discharge (cfs) and Date Surveyed
Low Medium Medium-High High
Site 7 169 339 897 1362
April 26, 2002  May 20, 2002 May 21, 2002 May 22, 2002
Site 8 122 378 729 1136
May 16, 2002 May 20, 2002 May 21, 2002 May 22, 2002
Site 8b <1 15
May 10, 02 May 23, 02
Site 8c 7 30 85 124
May 16, 2002 May 20, 2002 May 21, 2002 May 22, 2002
Site 8e 8 32 56 80
May 14, 2002 May 20, 2002 May 21, 2002 May 22, 2002
2.3.4 Two-Dimensional Hydrodynamics Modeling

Hydrodynamic modding at the intensve study sites was accomplished usng STAGR (a research code
developed by JonathanNelsonof the USGS). The modd solves the two-dimensond verticdly averaged
flow equations using agpdtidly variable, scalar eddy viscosity (turbulence closure) that emphasizesvertical
diffuson of momentum. The program utilizes patidly variable channel roughness. STAGR isa2-D /
quasi-3-D mode used extensvely in aresearch mode by Jonathan Nelson of the USGS and hasrecently
been implemented into visud interface for generd use by the USGS. When supplied good data on
topography and flow and stage boundary conditions, STAGR will caculate velocities, water surface
eevations and boundary shear stresses in the channel. 1t hasbeenused inchannds withor without idands
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and in both high and low Froude number flows. The program was dightly modified a Utah State
University to enhance the wetting-drying and initia conditions capabilities.

2.3.4.1 Computational meshes

Curvilinear orthogona mesheswere generated at each of the study stes from a smooth (gradudly varying
radius) stream centerline. Meshes were refined as much as practica given the Sze of theintensive study
stesand limitations of computationa time. These mesheswere used both for the hydrodynamics modeling
and for the habitat modeling.

2.3.4.2 Water surface modeling

The two-dimensional model was calibrated to the measured water surfaces at each sampled discharge by
adjuding substrate and riparian vegetation roughness. The substrate maps at each site included an
estimated hydraulic roughness height based on the size of the largest particle sizes in each subdtrate
category. Approximate roughness was cal culated for riparian vegetation types from standard Manning's
“n” versus vegetation type references (Chow 1959, Arcement and Schneider 1989).

During the cdibration phase of the hydrodynamics modeding, the roughness heights across dl substrate
types were increased or decreased by acongtant percentage until the modeled water surface matched the
measured water surface. This was first done at the high calibration flow. We then checked that the
calibrated roughness performed accuratdly at the mediumand low calibrationflows. A roughnessmodifier
relaionship (log [flow] versus log[roughness modifier]) was used where necessary to account for changes
in relaive roughness at different flows (typicaly roughness increases at lower flows). When aroughness
height adjustment (relationship versus flow) was obtained throughout the study Stethat generated accurate
modded water surface devaions for dl three (or more) measured water surface devations, the
hydrodynamics model was assumed to be cdibrated. All subsequent hydrodynamics modding of the
various flowsfor habitat moddingwas done withthe same cdlibrated channe roughness height relationship.
Anexample of the difference between model ed and measured water surfacedevations for three calibration
flows a Site5isshown in Appendix B, Figure B1. Most of the measured versus modeled water surface
differences are in the range of 2 cm (0.02 m on the legend).

2.3.4.3 Velocity Modeling

Verticdly averaged velocities are generated during the solution of the two-dimensiond hydrodynamics
equations at each of the mesh nodes. No “cdibration” of the velocity modding is done. Accuracy of
modeled velocitiesis primarily dependent onthe accuracy of the channel topography, the accuracy of the
channd roughness inputs, accuracy of the water surface devations, and the hydrodynamics modd itsdlf
(appropriateness of equations used in the modd and the turbulence model used). In naturd rivers, the
STAGR modd has been shown to generate accurate mean column velocities across the channd (Lide et

Froude number (Fr) istheratio of mean flow velocity (u) to critical velocity and defines whether the flow is
subcritical (Fr<1), critical (Fr=1), or supercritical (Fr>1). It is calculated as Fr=u/(gD)" where g is the acceleration due

to gravity and D is mean depth of flow.
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d. 2000, Nelsonand Smith 1989, Shimizu et d. 1989) and accurately model the Sze of recirculationzones
(Nelsonand McDonad forthcoming). An example of measured versus model ed vel ocities on the Flathead
River is provided in Appendix B, Figure B2. Notice in Figure B2 both the accuracy of the velocity
magnitude and direction and the location and size of the recirculaion zones.

2.3.5 Fish Habitat Modeling

2.3.5.1 Habitat suitability criteria

To determine availability of aquetic habitat to fishesunder various discharge scenarios, pre-defined curves
of suitability ranges (Habitat Suitability Index or HSI curves) for individua parameters are often used.
These curves indicate what range of a parameter may be considered suitable for a species or life history
gtage to occupy anarea. For each parameter for whichan HSl curveisdevel oped, individua observations
of agpecies/life history stage invarious habitats are used to identify habitat preferences. Themorefrequent
a Yecies/life history stage is observed in a particular habitat type, the higher a suitability index vaue;
habitats in which the species/life history stage are found infrequently are givenalow suitability index vaue.
The habitat suitability index vaue is based on the number of observationsin a habitat type relaive to the
total observations. The individud suitabilities for depth, velocity, and/or substrate were multiplied to
produce a combined suitability that ranged between 0 and 1 (1=completely suitable, O=not suitable).

For each of the Provo River Sites, fish habitat modding conssted of associating each node in the flow
solutionmesh with an area (i.e., area of each computational cell) and then computing habitat suitability for
each cdl based on depth, veloaty, and/or substrate at each flow. Individud parameters have differing
relative importance to each species or life history stage (fry, YOY [young-of-year], juvenile, adult,
spawning), but for the coldwater species found in the Provo River, depth and velocity are the primary
factorsthat dictate habitat use. Substrate and cover are often important in habitat selection but are not
considered primaryfactors affecting habitat salectioninthe Provo River (see Appendix A for moredetails).
Modeling of winter conditions may warrant consideration of other (e.g., Provo River 1989) curves.

2.3.5.2 HSI curve development

A detailed evauation of exising data for Provo River species included data reviews of UDWR fisheries
data, Univeraty research (particularly BrighamY oung University [BY U] and Utah State Universty [USU]
specid studies), URM CC fisheries sampling rdaingtorestorati onefforts, exiging habitat suitability criteria,
recovery program activities (i.e. June sucker research) and previous instream flow studies on the Provo
River. In addition, a subcommittee of scientific professonas was assembled to provide input for the
selection and use of Habitat Suitability Criteriafor this project. The subcommittee conssted of Dr. Paul
Holden and Ed Oborny (BIO-WEST), Dr. Mark Bek (BYU), Don Wiley (UDWR), Craig Addley
(USV), Larry Crist (USFWS), Chris Keleher (CUWD), and Mark Holden (Mitigation Commission).

HSl curves were developed for depth and velocity suitability of each specied/life history stage where
possible, but a lack of information on some species and life history stages limited curve development.
Therefore, ahabitat niche approachwas used to incorporate dl speciesfound inthe Provo River. For each
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species, the range of vaues that fdl above the 50% suitability threshold on both depth and velocity HS
curves were used to defineits habitat “niche” A cluster analyss conducted by Dr. Mark Belk on Provo
River fishes (Belk and Elsworth 2000) greetly asssted in grouping fishes for which HSl curves could not
be developed with those having smilar habitat associations. Species with smilar niches were grouped
together and ultimately, eight representative habitat niches were selected. Each species was assigned to
one (or more) of the following niches (Figure 2.1):

@ Backwater / Edge

2 Slow / Shalow

3 Moderate / Shallow
4 Fast / Shalow

) Moderate / Mid-Depth
(6) Fast / Mid-Depth

@) Moderate / Deep

(8 Fast / Deep

Table 2.6 depictsthe fishesllife stages represented by each habitat niche. A more thorough description of
HSl curve development and the habitat niche approach can be found in Appendix A.

2.3.5.3 Fish sampling (snorkeling)

Although data from previous sudiesin nearby/smilar habitat were used predominantly to develop habitat
suitability curves and habitat niches, some data were gathered on the Provo River to assst in model
veification and provide indght where data gaps existed. Several methods were considered, but direct
observation through snorkeling was chosen as the most accurate means of assessing true habitat usage.
A detailed description of dl snorkding efforts and methodology can be found in Appendix A.

2.3.5.4 Habitat modeling techniques

Once the HSl curves and habitat niche approach were devel oped they were processed with the 2-D
hydraulic model resultsand Weighted Usable Area (WUA) was calculated. WUA is defined asthe total
area per unit length of river that would be expected to provide usable habitat for a niche/individua
species/life history stage. WUA is a measure of habitat that can be used to compare dternatives and
edimateimpacts. Once each discharge was modeled, the total area that contained suitable conditions for
both parameters (three for spawning life stage) was summed to yied the WUA. Each niche/species/life
higtory stage has its own WUA vdue for each flow depending on availability of depths and velocities
preferred by that niche/species/life history stage. Thearea(amount) of habitat in each spatid nichebinwas
summed to determine a rdaionship between flow and the amount of habitat in each spatid niche bin. In
addition, video files were created for specific niche/species/life history stages and are presented in the
report as a visud representation of WUA.
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Figure 2.1. Provo River habitat niches.

2.3.6 Data Extrapolation

Results from the study site modeling represent habitat at the Sitelevel only. To represent habitat in entire
river reaches (i.e., Reaches 7 and 8 respectively), results from intensive study Sites were extrapolated to
the river reaches using the results from the channel reach-scale habitat mapping described in Section 2.1
above. Thebroad-levd habitat typeslistedin column 3 of Table 2.1 were used for dataextrapolation. The
detailed study Stes were aso categorized into these broad habitat types during the field-mapping of
substrate and riparian categories, and these habitat types were digitized as a GIS layer uang ArcView
software. Within each intensive study site, the habitat suitability calculated for each computationa cdll was
assigned to a broad habitat type (poal, riffle, run) usng the GIS habitat layer, and the proportion of the
overal study site habitat value contributed by each broad habitat type within the sSite was determined.
These proportions were used in conjunction with data on the proportions of the channel reachesin each
habitat type (Table 2.7) to caculate overal habitat vaue for the entire channel reaches.
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Table 2.6. Species use of Provo River habitat niches.

Niche Species Life stage Use?
(1) Backwater/ Mountain whitefish Fry Partial (1,5)

Edge Mountain sucker Juvenile, YOY® Full

Utah sucker YOY Full

Speckled dace YOY Full

Longnose dace YOY Full

Leatherside chub Adult, juvenile, YOY Full

Redside shiner Adult, juvenile, YOY Full

(2) Slow/Shallow

Brown trout
All trout
Mountain sucker
Mottled sculpin
Mottled sculpin
Speckled dace
Specked dace
Longnose dace
Longnose dace

Spawning
Juvenile, fry, spawning
Adult
Adult, juvenile
YOY
Adult
Juvenile
Adult
Juvenile

Partial (2,3,5)
Partial (2,3,5)
Partial (2,3,4,5,6)
Partial (2,3,4)
Full
Partial (2,3)
Full
Partial (2,3,5)
Full

(3) Moderate/
Shallow

Brown trout
All trout
Mountain sucker
Mottled sculpin
Speckled dace
Longnose dace

Spawning
Juvenile, fry, spawning
Adult
Adult, juvenile
Adult
Adult

Partial (2,3,5)
Partial (2,3,5)
Partial (2,3,4,5,6)
Partial (2,3,4)
Partial (2,3)
Partial (2,3,5)

(4) Moderate/
Mid-depth

Mountain sucker
Mottled sculpin

Adult
Adult, juvenile

Partial (2,3,4,5,6)
Partial (2,3,4)

(5) Moderate/ Brown trout Adult, juvenile, fry Full
Mid-depth Brown trout Spawning Partial (2,3,5)
All trout Adult Full
All trout Juvenile, fry, spawning Partial (2,3,5)
June sucker Spawning Full
Mountain whitefish Adult Partial (5,7)
Mountain whitefish Juvenile, spawning Full
Mountain whitefish Fry Partial (1,7)
Mountain sucker Adult Partial (2,3,4,5,6)
Utah sucker Adult Partial (5,7)
Utah sucker Juvenile Full
Longnose dace Adult Partial (2,3,5)
(6)Fast/Mid-depth Mountain sucker Adult Partial (2,3,4,5,6)
(7) Moderate/deep Mountain whitefish Adult Partial (5,7)
Utah sucker Adult Partial (5,7)

(8) Fast/deep

None

2 "Full" indicates best habitat suitability within niche; "partial" indicates best habitat suitability shared

between niches.
B YOY - Young-of-year.
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Table 2.7. Proportion of different aquatic habitat types in
channel reaches on the Provo River.
Reach Broad Habitat Type Total Acreage Percent
7 Bar 2.25 5
7 Island 4.54 9
7 Pool 2.85 6
7 Riffle 15.89 33
7 Run 23.14 48
7 Total 48.67 100
8 Bar 5.26 5
8 Island 58.27 53
8 Pool 4.56 4
8 Riffle 13.34 12
8 Run 28.29 26
8 Total 109.72 100

Some interpretative caution should be used when viewing the results from either the intensve sudy Stes
aone or the extrapolated results. The most conservative gpproach would beto smply usethe resultsfrom
the intensive study Sites to represent habitat versus flow relaionships. However, proportions of different
habitat types are somewhat different in the intengve study dites than in the entire channel reaches.
However, when the results from the intensive study Stes are extrapolated to represent the proportion of
habitat types in the entire reach, it must be realized that only afew examples of various habitat types are
actudly represented in the intensve study sites and their ability to actualy represent habitat types for the
entire reach is limited (e.g., one or two rung/poolgriffles in an intensive Ste are used to represent dl
rung/pooldrifflesin areach).

2.3.7 Depth-velocity Point Sample Evaluation

Study Sites 7aand 8d were sdlected to represent the unique high-gradient cascading portion of the river
below diverson structures and step-pool side-channels created by beaver dams, respectively. The
complexity of these stesmadeit infeasble for computer-based flow modeling. Therefore, transects were
established and velocity and depth measurements were collected across each transect. To evauate the
transect data, each point dong the transect where velocity and depth measurements were taken was
assigned a HSI value based on individua specied/life stage HSl curves or representative habitat niche.
When both the depth and veocity vaues were greater than a 0.5 suitability using individua species
suitability criteria, or whenboth measurementsfdl withinthe defined niche using the habitat niche approach,
the distance between points was consdered suitable habitat. This areawas summed across the transect
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to yield an estimated proportion of suitable habitat to total habitat long the transect. This proportion was
caculated for eachtransect at each flowlevel and then compared to assesshabitat gains or losseswithflow
changes for both the cascade and pool sections. Photographs of cross sections and representative
conditions were taken during the sampling.

2.4 Sediment Transport Evaluation

Asdiscussedin Section 1.4, the type and quantity of sediment transport is highly dependent on streamflow,
and the physica atributes of Provo River have primarily been created and maintained by maor
anthropogenic channelization practices and the resultant sediment flux. Thus, the sSze and amount of
sediment trangport highly influences the qudity and quantity of riparian and fish habitats within the
congraints of the exiging channdized conditions (Diagram 1-1). A relatively new yet important factor
affecting sediment transport and channd morphology in the Middle Provo River is the presence of
Jordanelle Dam which trgps upstream sediment supplies and interrupts downstream transport.  Sediment
supplieshecome limitedtolocal sources (i.e. bank erosion, tributaries, side hill inputs, and bed degradetion)
when upstream supplies are cut off. Transport equilibrium (influx equaing outflux) becomes skewed,
resulting in “sediment mining” and in most cases channd degradation.

Two mechanisms of sediment transport were evauated: bedload, and suspended load. Bedload mostly
congsts of particleslarger than fine sand (>0.25 mm) whereas the suspended load consists of particlesin
the sand, st and day sze ranges (0.005 mmto 2 mm). Both types of sediment transport influence channd
morphology and aguatic habitat characterigtics such as the size and shape of pools and riffles, the amount
of fines present in spawning gravels, the degree of channe armoring, subgtrate Sze characteridtics, the
location and maintenance of gravel/cobble bar features, and the deposition of fresh sediments needed for
riparian vegetation recruitment. Therefore, both types of transport and ther relationships to streamflow
were examined.

2.4.1 Bedload Modeling

A bedload rating curve (relationship between streamflow and bedl oad transport) was devel oped for Study
Sites7 and 8 by cdculating bedload transport at even increments of flow from 0to 2,000 cfs. Origindly,
bedoad cdculations were performed usng the Meyer-Peter and Muller (1948) equation. Additional
bedload samples were collected in 2003 and it became apparent that the Parker (1990) equation more
accurately predicts daily transport rates. Therefore, the Parker equation was used instead of the Meyer-
Peter Muller for Study Sites 7 and 8. The Parker equation models bedload as a positive relationship,
producing a correspondent increase in the quantity of bed materia in trangport as streamflow increases.
It isimportant to note that bedload transport equations assume that sediment supplies are not limited. In
other words, modeling bedload transport using available transport equations provides transport potential
(i.e., total excess shear stress available to trangport streambed materials). The modeled transport rate in
tons/day exceeds actual trangport rates when suppliesarelimited asisthe case in Provo River. However
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it isimportant to note that new sediment supplies become available for trangport a higher flow stagesin
the Provo River, thus making the bedload rating curve an gppropriate modeling tool when evauating the
effects of dternative flow regimes. Consequently, although the positive rdationship (rating curve) between
flow and trangport isassumed correct (especidly during the initid stageswhere recently collected bedload
dataisavailable), the actual quantities should be viewed in relative terms (relative to the other study Sites).

Held data collected to develop bedload raing curves included surveyed channe cross sections, water
surface dope, and streambed particle Sze digtributions. Typicaly, bedload trangport modeing is based
on adominant size fraction such asthe Dy, particle Sze?. TheDs, or median particle size istypically used
because it represents the assembl age of bed particlesfromwhichthe bedload materid isderived (Andrews
and Nankervis, 1995). Although thisassumption holdstruefor the unchannelized reaches (Reach 8) of the
Middle Provo River, the streambed has apparently become coarsened/armored inthe channdlized reaches
(Reach 7). Bed coarseningisacommon effect of channd straightening. Tabot and L gpointe (2002) found
that the Dy, Sze fraction more than doubled following extensve meander draightening in the Sainte-
Marguerite River, Quebec, Canada from road congtruction that occurred inthe 1960s. A sSimilar pattern
of channd degradationis evident inthe channelized portions of the Middle Provo River however the actua
higtorical Dy, values at both stes are unknown. Because of bed coarsening, the Dy, at Site 7 is predicted
to be rdatively immobile and therefore may under-predict transport rates.

At Site 8, the Dy, (70 mm in diameter) was used initidly for modding. This Site was recently constructed
and the bed particle Sze digtributionhas not completely adjusted. It isanticipated that the bed will coarsen
over time and the Dy, will increase to 80-100 mm in diameter. Bedload rating curves are shown under
various levds of bed amoring in the Discussion Section of thisreport. The actud bedload sampling data
was plotted against the rating curvesto determine the best-fit curve ( D, Sz€) for modding bedload at Site
8. Effective discharge cdculations are provided for the best-fit in the Results Section of this report.

2.4.2 Bedload Sampling

Held samples of bedload were collected in 2002 and 2003 to cdibrate the rating curve (model) and
determine the Szes of bed materid actudly in trangport during high flow. In 2002, bedload was sampled
a 2 bridges near Sites 7 and 8 (Map 1.3) whereas in 2003 bedload was sampled at the same 2 bridges
as 2002 plus 2 additiona bridges (the “white bridge” immediatdy upstream of Highway 40 and the Midway
bridge near the Provo River near Midway gauging Sation). Bedload was not sampled in the Sde-channds
at Site 8. Sampling occurred during highflows usng a 3 inchhandhd d Helley-Smithtype bedload sampler.
At firg we attempted to use a 6 inch sampler but were unsuccessful because of the extreme drag
encountered during sampling.

’These particle size indices represent the percentage of bed material finer than a given size. For example, a
D5, of 20 mm means that 50% of the particles measured in a pebble count have amedian grain diameter equal to or
finer than 20 mm.
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To sample bedload, the sampler was|owered into theflowand was hdd firmly to the streambed. Thiswas
done at different locationsincrementaly across the channel where bedload movement was active. Y ou can
fed when materid is in transport because it bumps againg the sides of the orifice. The width of active
bedload transport was noted so that total transport calculations could be performed. Totd timefor most
samples was 30 minutes. Table 2.8 lists the bedload sample dates and associated flows, and Figure 2.2
shows bedload sample dates positioned within the pring runoff hydrograph.

Table 2.8. Bedload sampling dates and flows.
Bedload Dates Flows Sampled
Bridge Sampled (Cubic Feet Per Second)
7 (2002) 05/20, 05/21, 05/22 357, 854, 1342
8 (2002) 05/20, 05/21, 05/22 408, 800, 1250
7 (2003) 06/17, 06/17, 06/17, 06/17 1405, 1396, 1372, 1372
06/18, 06/18 1404, 1346
Midway (2003) 06/17, 06/17, 06,17, 06/17 1388, 1388, 1395, 1395
06/18, 06/18 1409, 1409
8 (2003) 06/16, 06/16, 06/16, 06/16 537, 558, 568, 580
06/16, 06/16, 06/16, 06/16 634, 719, 849, 920
06/16, 06/16, 06/16, 06/16 1023, 1084, 1209, 1273
06/17, 06/17, 06/17 1388, 1405, 1388
06/17, 06/17, 06/17 1413, 1396, 1388
06/18, 06/18, 06/18 1422, 1422, 1396
Above Hwy 40 06/17, 06/17, 06/17, 06,17 1388, 1388, 1422, 1405
(2003) 06/18, 06/18, 06/18, 06,18 1430, 1273, 1355, 1355

2.4.3 Bedload Sieving

Each field-collected bedload sample was dried and sorted into the following size categories using
gandardized seves >16 millimeters (mm), 8mm, 4mm, 2mm, 1Imm and <1lmm. After Seving each sze
category wasindividualy weighed usng adigital scae accurateto 1 gram. Whenpracticd, organic matter
present in the sample was removed before weighing. The organic materia was dso individualy weighed.
Additiondly, before sorting, digital photographs weretaken of each sample usngapenny for scale. These
photographs were used to compare sample characteristicsfor the different Stesand collection dates. The
largest particle collected in each sample was measured and its Size was recorded.
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2.4.4 Pebble Counts

Pebble counts (Wolman 1954) were completed in the fidd to determine the particle Sze digtributionof the
bed materia at each cross section where bedload was field-sampled or modeled. Particle Szedatawere
plotted and the grain sSizes of the D6, D,s, D5y, D75, and Dg, particles were determined.

2.4.5 Suspended Sediment Modeling

Flow and Total Suspended Solids (TSS) data were obtained from the EPA STORET database for the
Midway water quaity monitoring Site (#499730) near the USGS gauging sétion. TSS data have been
collected in the Study Area by Utah Divison of Water Quality (DWQ) and CUWCD for the past two
decades; however, flow dataare not aways collected in conjunctionwith TSS samples, making the overal
amount of usable datardativey samdl. Whiletheuse of TSS datato eval uate suspended sediment transport
is not uncommon, there are some difficulties with this approach. The TSS data on Provo River were
collected as water quality grab samples taken at a sSingle point in the water column, not taken across an
entireriver transect inadepth- and cross sectiondly integrated manner —which is the technique that would
be used to collect suspended sediment transport data. The other problem with the use of this dataisthe
relative lack of samples collected at high flows.

TSS and flow data were plotted. For each sample, TSS concentrations and streamflow values were
convertedto TSS|oads by multiplying the TSS concentration (milligramg/liter [mg/L]) by the flow (cfs) and
applying a conversonfactor (0.002697) to make the units consstent and provide a TSS transport rate in
tons/day. Thesevaueswere used to develop an empirically derived suspended sediment transport rating
curve for the two monitoring stations, showing the relationship between flow and TSS transport rate.

2.4.6 Evaluating Alternative Hydrologic Regimes

Informationonthe current and historicd (i.e., unregulated by Jordandlle Dam) flowregimesfor the Reaches
7 and 8 was obtained fromUSGS gage data (see Appendix C). These data were used to determine the
duration (in dayslyear) of different flowincrementsand andyze differencesin sediment trangport resulting
fromdternative flow regimes. Becausewater operationson the Provo River system have undergonerecent
changes with the completion of Jordanelle Dam and the establishment of target flow releases for June
sucker, data from water years 1997-2001 were used to develop flow duration information. In order to
evauateflowsunder historical (unregulated) hydrologic conditions, datafromthe USGS gege at Hailstone
(located above Jordanelle Reservoir, Map 1.3) were obtained and andyzed (see Appendix C for details).
The effects of dternative flow regimes on sediment transport were evaluated usng effective discharge
caculations and sedigraphs as described below.
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2.4.7 Effective Discharge Calculations

Flow duration information was categorized into 200 cfs increments (0-200, 200-400, etc.). Bedload
transport was caculated at the mid-point of each flow increment (100, 300, etc.) using the modeled
bedload rating curve. The number of days per year each flow increment occurred was multiplied by the
corresponding bedload transport rate to determine the average annua sediment load for each 200 cfs
increment. The flow duration weighted sediment |oads were then graphed to determine the increment of
discharge that transports the most bedload sediment over the period of record and identify effective
discharge. As discussed in Section 1.4, the effective discharge is a ussful predictor of potentia channd
changes that would result from proposed flow dterations to the Provo River.

2.4.8 Sedigraphs

Sediment transport was aso evaluated in terms of timing, magnitude, and duration using “ sedigraphs.”
Smilar to hydrographs for streamflow, sedigraphs show daily sediment transport volumesor loads graphed
over spring runoff when the mgority of sediment transport occurs.  Daily sediment loadswere cd cul ated
by gpplying the rating curve regression equations to the average dally discharge vaues shown in Appendix
C. Both bedload and suspended sediment loadswere used inthisanalysis. Sedigraphsalow for adightly
different evaduation of dternative flow regimes than effective discharge calculations because sedigraphs
incorporate tempora factors of sediment transport suchastiming and durationof bedload transport, iming
of peak loads, etc. that may be biologicdly important. For example, two aternative flow regimes that
trangport the same amount of sediment for each flow increment (i.e., no change in effective discharge) could
be sgnificantly different in terms of the timing between the rising and faling limbs of bedload trangport by
amply shifting thetiming of spring runoff. Altering the timing of bedload transport could ater the particle
Sze digribution or percent fines of the streambed during critica spawning windows. The timing and
meagnitude of sediment transport may aso be important for riparian vegetation species that time their seed
dispersd immediatdy fallowing naturd peak flows when the likeihood of recruitment in fresh dluvid
depogitsis grestest.

2.5 Riparian Vegetation Evaluation

As described above, riparian vegetation at each study Ste was delineated in conjunction with substrate
mapping efforts. Four broad categories of riparian vegetation were used: grass’herbaceous, scrub-shrub,
and mature tree. These riparian types were digitized into a GIS layer usng ArcView® software. In
addition to delineating broad vegetation types, notes on the specific species present and areas of
cottonwood recruitment were made onfidd maps. Photographs were taken of the different ripariantypes
present at each study site.
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2.5.1 Riparian Transect Evaluations

Inorder to eva uate the relationship between streamflow and ripariancharacteristics, two to threetransects
gpanning different riparian establishment surfaceswere selected for each study Site. Topographic data for
each of these sample transects was extracted from the study site TIN using the Profile Extractor tool in
ArcView®. The stage-discharge relationship for each riparian transect was determined using the water
surface devation outputs from the hydraulic modeling (for various flows between 10 and 2,000 cfs), and
the discharge that inundates each riparian establishment surface was identified. Cross-sectiona plots of
each transect were generated to illugtrate the discharge-riparian surface relationships.

In order to further characterize the hydrologic associations of the different riparian types in terms of
inundationdepth, frequency, timing, and duration, flow frequency and duration curvesweredevel opedfrom
hydrologic data for each study Site (see Appendix C for details). Because water operations on the Provo
River system have undergone recent changeswiththe completion of Jordanelle Damand the establishment
of target flow releasesfor June sucker, the dataperiod of October 1996 to September 2001 was used to
develop flow duration and frequency information. Although thisisardatively short data period, it does
encompass aclimatic range from rdaively dry to reatively wet years. The hydrologic characteristics of
the riparian establishment surfaces at the study Siteswere compared to known hydrologic requirements for
vegetationrecruitment that have been established in the literature (Auble et . 1994, Mahoney and Rood
1998, Scott et al. 1993, Scott et a. 1996,). Based on these known requirements, the potential for
vegetation (particularly cottonwood) establishment/ new recruitment on the different surfaces under the
exiging flow regime was evauated.

2.5.2 Expanded Site 8 Recruitment Model

In addition to the transect-based eval uations described above, a more detailed model was developed to
evauated cottonwood recruitment potential under different hydrologic scenariosat Site8. Theorigind Site
8 study site was expanded to include a greater expanse of floodplain and to includethe entire length of the
sde channd where study site 8c islocated (Map 1.4). Additiona topographic surveys were completed,
and air photos of the expanded study site were flown in May, 2003. Additiona topographic data points
were added interactively usng OrthoMax 3D visudization software with the aerid imagery, and the
combined topographic datawere used to develop a comprehensive terrain model (TIN) of the expanded
sudy ste.

A 2-dimensiona hydrodynamics model (River2D) that includes a groundwater component was used to
determine water depths at various discharge increments (moreinformationonthe River2D mode can be
found at http://Mmwww.river2d.uaberta.ca) . Water surface elevations were surveyed and field-mapped at
adischarge of 1,400 cfs during pesk flowsin June, 2003, and these measured eevations were used for
modd cdlibration in conjunction with water surface measurements taken in May, 2002 at original Study
Sites8 and 8c. Cdlibrationtechniqueswere the same as those described above for the origind sudy Sites.
Water surface eevations were modeled for flows between 150 cfs and 2,000 cfs.
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Once the hydrodynamics model was complete, a cottonwood recruitment model was developed that
interfaces with the hydrodynamics model outputs to determine the number of model nodes meeting
recruitment criteriafor agiven input hydrograph. Each model node is a point inthe terrain model “mesh”,
and each node represents a 1 square meter area. The riparian mode tracks water depths (both positive
and negative— i.e. groundwater — elevations) at each node for each daily flow leve. Water depths for
eachdally discharge vaue defined inthe input hydrograph are determined via linear interpolation between
the modeled stage-discharge vaues. Input hydrographs and modd runs were developed for the time
period May 1-July 31, which encompasses the typica springtime pesk flow period and the cottonwood
seed dispersa window.

The following cottonwood recruitment criteria were used to determine success/failure at individua nodes:

1 the node must be wetted (i.e. water depth> 0) and then become exposed (water depth <0) within
the cottonwood seed dispersal window, defined as May 30-July 19

2. within 10 days of being wetted, the soil surface a the mode node remains moist and vigble for
seed germination(i.e. the groundwater level has not dropped below the capillary fringe, estimated
a 20 cm)

3. the groundwater recession rate at the model node does not exceed 2.5 cm (1 inch) per day,
caculated as a 5-day moving average

4, the find groundwater elevation at the node at the end of the modd run (i.e. July 31) isnot more
than 1 meter (3.3 feet) below the ground surface

5. the node is not re-wetted (i.e. depth remains < 0) after initid flow recession and after the seed
dispersal window

These specific model criteria are based onvaues published inthe literature. Criteria#4isbased on studies
of cottonwood recruitment that have found that the maximum cottonwood root growth within the first
growing season is about 1 meter (3.3 feet) (Scott et d. 1993, Mahoney and Rood 1998, Segelquist et dl.
1993). Published drawdown rates range from 0.3 cm/day to 4 cm/day (Mahoney and Rood 1998,
Stromberg et al. 1999, Scott et d. 1993, Segelquist et d. 1993); the 2.5 cm/day used in criteria#3isa
commonly used vaue in the middle of thisrange.

Inorder to caibrate the recruitment modd, staff visited the expanded Site 8 areain August 2003 to identify
areas where young seedlings were present and compare the specific locations where recruitment was
successful with the overall area that had been inundated by the June 2003 peak flows of 1,400 cfs.
Recruitment model parameters (capillary fringe Size, maximum recession rate/ averaging period, seed
dispersa window) were adjusted so that the results using soring 2003 flow inputs matched the recruitment
patterns observed in the field.

The recruitment modd was run usng severd different input hydrographs with different flood pesk
magnitudes and recession rates. Specificaly, springtime hydrographs of daily flows a the Charleston
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USGS gage for the years 1950, 1993, 1999, and 2000 were analyzed. The years 1950 and 1993
represent high water years prior to Jordanelle Dam, while the 1999 and 2000 hydrographs represent
contrasting conditions under the current post-Jordanelle flow regime.

2.6 Water Quality Evaluation

2.6.1 Temperature

Thermigters (Onset optic ssowaways) were placed in the two main channd study Sites dong the Provo
River and downloaded at regular intervas to provide continuous monitoring of water temperatures in these
areas between April 20 and August 15, 2002. Rebar was used to secure the temperature loggersin areas
wherelargewoody debris or rootwadswere not present. Datawas downloaded periodicaly usng aOnset
optic shuttle; thermograph condition and proper functionwas a so checked at these timeswithadjustments
being made as necessary. Thetemperature datawas compared to the USGSflow data (for those siteswith
gage information) to assess therma fluctuations relative to discharge variaions in the Provo River.

2.6.2 Other Water Quality Parameters

The Provo River is a highly-used and highly-regulated river in awatershed where there are numerous land
use practiceswhichcreate “ point” and “nonpoint” sources of pollution. Water quaity issuesin the Middle
Provo River are primaily associated with pollutants from agriculturd practices and limited amounts of
urbanization in the Heber Vdley. Water qudity is highly correlated with streamflow in the Provo River,
however, due to the complexity of pollutant inputs and the lack of useful datafor modeing, a quditative
evauation of water quality was performed.

2.7 Macroinvertebrate Evaluation

The Utah Divisonof Water Qudity hasonelong-termstationfor macroinvertebratecollectionon the Provo
River, but it is above the Study Area, near Woodland. Without long-term monitoring informetion in the
study reaches, and withlimited samplingfromindividua research projects, it is difficuit to determine impacts
of current river operations on macroinvertebrate communities. Crist and Trinca (1988) examined the
impact of low-flows on macroinvertebrates of the Provo River, and Shiozawa et al. (2002) are presently
investigating the influence of channe restoration on macroinvertebrate fauna between Jordane le Dam and
Deer Creek Reservoir. However, no investigation of multiple delivery rates, where high-flow conditions
areincluded, on macroinvertebrate populationsin the Provo River was found. Therefore, two other river
systems that have undergone extengve manipulations to the flow regime for water delivery were examined
as cae sudies. Evauating impacts to macroinvertebrate communities in these sysems may yidd ingght
into changes to macroinvertebrate communities that may occur in the Provo River under an atered flow
regime.
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2.8 Recreational Usability Evaluation

2.8.1 Wading (Fishing)

With high fishing pressure throughout the river depth and velocity changes were compared to suitability
curves for wading developed by Hyra (1978) and modified by Nestler et d. (1986) in al reaches to
evauatewadesble habitat. The Hyra (1978) curves were developed by the US Fish and Wildlife Service
to determine a range outside of which the recreation activity “cannot be engaged.” The assessment
included the criteria “physicd,” “safety,” and “optimum” to define the range of conditions at whichiit is
physicdly possible to conduct theactivity, to conduct the activity safdy, and to provide optimum conditions
that maximize usability. The safety range was given a probability of use (suitability index vaue) of 0.5
(50%), which corresponds to the threshold suitability values used to assess fish habitat vaue. For
fishing/wading the range of safety for depth is 0.75 - 3.5 feet and for velocity it isO - 2.5 feet/sec. Hyra
notes that these va ues are dependant on height and weight of the individud and substrate type, but serve
asabasic range for assessment. Nestler et a. (1986) modified these curves by direct field measurement
of flow conditions in which a group of individuds wearing waders could easily move through the water.
These data resulted in a dight increase on the upper end of the velocity range suitability and, based on
observations inthe Provo River while snorkeling, appear to more accurately reflect conditions inthisriver.
In Nestler et d. (1986), the range for suitable velocity was 0.0-3.5 feet/sec and for depth it was 0.0-3.5
feet. These criteriawere used to determine the amount of wading/fishing “habitat” at Study Sites 7and 8
for the same range of flows at which fish habitat was modded.
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3.0 RESULTS

3.1 SITE 8
3.1.1 AQUATIC HABITAT - SITE 8
3.1.1.1 HABITAT NICHE MODELING - SITE 8

As discussed in the methodology section and Appendix A, a habitat niche approach (incorporating depth
and velocity suitability simultaneously) was primarily used for assessing Weighted Usable Area (WUA) for
Site 8, but individual trout life stage HSI curves were also used. To represent habitat in the entire river
reaches, Site 8 results from the channel reach-scale mapping were extrapolated to all of Reach 8. As
discussed in the methods, some interpretative caution should be used when viewing the results from either
the intensive study sites alone or the extrapolated (reach) results. Due to the similarity in trends between
the individual Site 8 and the extrapolated reach, the results for Reach 8 are discussed below.

Each WUA value calculated for Reach 8 represents the total amount of usable area per 1,000 linear feet
of stream. Figure 3.1 shows the WUA (f*/1,000ft) for each niche per respective flow. The
backwater/edge habitat (niche 1) is used by a majority of the native fish species and larval stages of many
fishand consists 0f>26,000 ft*/1,000ft at 25 cfs. Although niche 1 habitat decreases with increasing flows,
the channel complexity of this “restored” reach allows for a moderate amount of'this habitat type (>3,900
f2/1,000ft) to be present at all modeled flows. The presence of this type of habitat in the Reach 8 would
suggest the potential for native species to inhabit this area and previous surveys (Belk and Ellsworth 2000)
have found several native fishes in these areas. The slow/shallow habitat (niche 2) supports many juvenile
and young-of-year (YOY) species. This niche peaks at nearly 29,000 ft*/1,000ft at 70 cfs; habitat
decreases as flow increases, but never drops below 5,700 ft*/1,000ft. Niche 2 (slow/shallow habitat) and
niche 3 (moderate/shallow) overlap in supporting both larval and juvenile life stages for certain species, but
niche 3 is broader and includes certain adult species. Niche 3 habitat (moderate/shallow) is minimal at low
flows, increases to 10,000 ft*/1,000ft at approximately 200-300 cfs, decreases slightly until 900 cfs, and
then increases again steadily to over 17,500 ft*/1,000ft at 2,000 cfs. The fast/shallow habitat (niche 4),
which provides habitat for mountain sucker adults and mottled sculpin adults and juveniles increases steadily
with increasing flows to 4,800 f/1,000ft at 1,300 cfs and then increases rapidly as flows exceed 1,300
cfs. Niche 5 is the primary habitat type for the sportfish in the Provo River including all trout and mountain
whitefish adults and juveniles. Niche 5 habitat (moderate/mid-depth) is abundant (>23,000 f%/1,000ft)
between 70 and 700 cfs. Niche 5 habitat peaks at 700 cfs then declines steadily at higher flows.

The only species/lifestage documented in niche 6 habitat (fast/mid-depth) is the adult mountain sucker.
Niche 6 habitat in Reach 8 increases steadily to a maximum near 48,000 f*/1,000ft at 1,500 cfs.
Moderate/deep habitat (niche 7) is consistently above 3,000 ft?/1,000ft at 300 cfs and higher; this habitat
is preferred by adult mountain whitefish and adult Utah sucker. This was the only reach that adult Utah
sucker were observed during snorkeling surveys. Although the fast/deep (niche 8) does not directly
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FIGURE 3.1. REACH 8: HABITAT NICHES - WUA Vvs. FLOwWw.

relate to any fishspecies, it is included to describe howthe habitat changes as flows increase; niche 8 shows
a nearly linear increase after approximately 500 cfs.

As depicted in Image 3.1 and displayed in Figure 3.1, niche 1 maintains WUA greater than 10,000 fi* /
1,000ft to approximately 70 cfs, whereas niche 5 (sportfish niche) is maintained at greater than 25,000 ft*
/1,000ft for all modeled flows higher than 70 cfs. Niche 2 remained high (>10,000 ft?/1,000ft) inthis reach
through 400 cfs. The diversity of habitats available in this reach with variable flows suggests the potential
for maintaining a diverse fish community composed of natives and trout. The dominance of niche 5
conditions at most flows will provide substantial habitat for adult and juvenile trout. During this time, natives
may be restricted to the side channels in this area (see sites 8b-¢), but when flows are relatively low,
conditions will provide abundant habitat in the main channel for natives. Biological interactions (e.g.,
predation) and timing of appropriate flows may limit the feasibility of supporting some species, but the
diverse habitat will be beneficial to those species that persist in this reach.

Overall, the results of the habitat niche modeling for this reach supports the available biological data, which
recognizes the presence of several native species. Niches 1 and 3 remain at moderate levels at all flows
and niche 2 is abundant in this reach. However, most native species have been observed in low densities
and this may be a consequence of niche 5 (sportfish) dominance at most flows.
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IMAGE 3.1. HABITAT NICHES - WEIGHTED USABLE AREA (SITE 8). THE IMAGES BELOW DEPICT HABITAT NICHES THAT ARE PRESENT AT DISCHARGES OF 100, 150, 200, 300,
400, 500, 700, 1100, AND 1500 cuBIC FEET PER SECOND. HABITAT NICHES ARE REPRESENTED BY THE COLORS REPRESENTED THE LEGEND.
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When suitable habitat for the sportfish (trout) is abundant, biological interactions probably limit native fish
populations; small pockets of suitable habitat for natives may exist, but are often surrounded by trout
habitat. Also, niche 1 habitat may be abundant in this reach at low flows, but discharge rarely falls to those
levels (Figure 1.2) in the Middle Provo River.

3.1.1.2 HSI| CURVE MODELING

Using individual HSI curves for brown trout and “all” trout reveal similar trends to the niche 5 results from
the habitat niche approach. Figure 3.2 shows the WUA (ft*/1,000 ft) for each trout species/lifestage per
respective flow. To avoid overestimating trout habitat, an “all” trout classification scheme (described in the
Methods) was used. In most cases, the brown trout HSI curve encompassed habitat suitability of both
cutthroat and rainbow trout (adult and fry), so it was used to represent the “all trout” classification.
However, cutthroat and rainbow trout juveniles have demonstrated use of shallower depths than brown
trout juveniles, so a modified “all trout” curve was generated to account for these differences. Adult trout
results show that the large amount (> 20,000 ft* / 1,0001t) of habitat is available at flows greater between
25-900 cfs. Although the overall trend is the same between the juvenile brown trout curve and juvenile
“all trout” curve, the adjustment to accommodate shallower depths had an impact on estimates of available
habitat (Figure 3.2).
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FIGURE 3.2. REACH 8: TROUT - WUA Vvs. FLOW.
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As evident in Image 3.2a and Figure 3.2, Reach 8 has approximately 40,000 £t*/1,000 ft adult brown trout
habitat at 120 cfs, represented by green and blue areas and peaks at around 44,000 f2/1,0001t at 200 cfs.
As flows increase, suitable habitat becomes restricted to edge habitat and decreases in total WUA.

Fry habitat is present in this reach throughout the range of modeled flows (Figure 3.2). This study
documents that the peak for fry habitat is approximately 70 cfs in Reach 8; however, fry habitat (>6,000
/1,000 ft) remained during all flows. During the spring, flows are generally maintained in the Middle
Provo at lower levels than below Deer Creek Reservoir, and thus, may help to explain how the recruitment
ofbrown trout throughout the Provo River remains strong even with high spring flows below Deer Creek
Reservoir. Emergence of cutthroat and rainbow trout fry occurs later in the summer. Although the
susceptibility of fry of those species should be limited, should sustained high flows into late summer occur,
impacts to their success in channelized reaches may occur and complex habitat like that found in Reach 8
may provide a substantial benefit by dampening these effects.

An evaluation of existing data on spawning criteria revealed that although the brown trout curves
encompassed depth and velocity requirements for rainbow and cutthroat trout, the depth and velocities
required for the latter two species differed to a degree where an examination of individual curves versus
the “all trout” curve was warranted. Because substrate requirements were similar, differences were due
to lower water depth and velocity requirements for rainbow trout and lower yet (depths and velocities) for
cutthroat trout resulted in less spawning habitat (Figure 3.3). There is approximately 16,000 ft%/1,0001t
of brown trout spawning habitat at the peak of approximately 200 cfs and the total remains above 10,000
f2/1,0001t between 70-400 cfs. Available rainbow trout spawning habitat was similar to brown trout up
to 200 cfs, but was lower at higher flows. Cutthroat trout spawning habitat peaked at 70 cfs (12,500
f2/1,000ft) but quickly decreased to below 5,000 at 200 cfs and above. According to Wiley and
Thompson (1996), brown trout spawning occurs in early to mid-November when flows are low. As
demonstrated by Wiley and Thompson (1996) and again by the results of this study, lower flows provide
more WUA for brown (and all other) trout spawning. Wiley and Thompson (1996) modeled sites below
Olmsted Diversionand concluded that 26 cfs was the optimum flow for brown trout spawning in that reach.
The results of this study suggest that flows ranging from approximately 70 to 400 cfs are optimal in Reach
8. Brown trout spawn in the fall when flows are significantly lower than during spring and early summer
whenrainbow and the native cutthroat trout spawn. Rainbow and cutthroat trout appear to require similar
substrate conditions as brown trout, but more restrictive depth and velocity requirements to spawn. As
evident in Figure 3.3, WUA for spawning cutthroat trout is cut by more than 50% from 70-150 cfs and
continues to decline as flows increase. Thus, the timing of spawning and less WUA for spawning at any
flow level puts native cutthroat trout at a substantial disadvantage to brown trout in this reach.
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IMAGE 3.2A. ADULT BROWN TROUT - WEIGHTED USABLE AREA (SITE 8). THE IMAGES BELOW DEPIGCT HABITAT NICHES THAT ARE PRESENT AT DISCHARGES OF 100, 150, 200,
300, 400, 500, 700, 1100, AND 1500 cuBIC FEET PER SECOND. THE BEST HABITAT IS REPRESENTED BY SUITABILITY OF 1.0 (BLUE) AND NO HABITAT IS
REPRESENTED BY O (RED).
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FIGURE 3.3. REACH 8: TROUT SPAWNING - WUA vs. FLOw.
3.1.2 WATER TEMPERATURE - SITE 8

For this study, a thermistor was placed at Site 8 between April 27 and August 16, 2002. The following
mean temperatures were observed during the study period.

April (27 - 30) 6.7°C
May 9.0°C
June 12.2°C
July 12.2°C
August (1 - 16) 12.5°C

The temperature data was compared to the flow data at USGS Station# 10155200 (Provo River at River
Road Bridge) to assess thermal fluctuations relative to discharge variations in the Provo River. Figure 3.4
shows the temperatures and flows recorded over the study period.
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Two hydrographic spikes associated with releases for this study occurred in which the flow increased from
about 130 cfs to 957 cfs in about 3.5 hours on May 8 and then rose gradually from 130 cfs to 1,270 cfs
over a three-day period from 20-22 May. The descending limb of the hydrograph for both events lasted
three days. Neither event had a substantial impact on mean water temperature, though it decreased slightly
inboth cases and the maximum temperature was 2-3°C lower during the high flows. Correspondingly, the
daily temperature fluctuation decreased substantially for three days during each event.

Aside fromthe two spikes, flow fluctuated between about 125 cfs and 145 cfs throughout the study period
withno discernable trends. There was a general trend of increasing maximum daily temperatures from the
beginning ofthe study period to a peak in early July, after that, maximum daily temperatures remained fairly
consistent through August. The daily water temperature fluctuation varied throughout the study period,
but generally remained near the mean of 5.4°C; no trend of increasing or decreasing fluctuation was
observed. The lowest water temperature measured during the period was 4.4°C on April 28; the maximum
was 17.3°C, which occurred on July 1.

As with the other reaches, temperature changes and diurnal fluctuations may be very important in
understanding the macroinvertebrate assemblages (see Macroinvertebrate Case Studies in the Discussion
section) and recruitment success of fishes in Reach 8 of the Provo River.
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3.2.2 RECREATIONAL LUSABILITY-SITE 8

3.2.2.1 WADING (FISHING)

The WUA's calculated for Reach 8 represent the total amount of suitable wading/fishing “habitat™ (area)
per 1,000 ft of stream for the entire reach. Figure 3.5 shows the WUA (f%/1,000 ft) for fishing/wading
recreational activities. At 100-200 cfs, >70,000 ft*/1,000ft of fishing/wading area is provided for
recreationists, far beyond estimates at any other reach. High levels (>38,000 ft*/1,000ft) of suitable
wading/fishing habitat are maintained at all modeled flows.
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FIGURE 3.5. REACH 8: WADING/FISHING - WUA vs. FLOw.
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3.1.4 SEDIMENT TRANSPORT - SITE 8

3.1.4.1 SAMPLING RESULTS

Bedload samples were collected during the 2002 and 2003 spring runoff. The results ofthe 2002 bedload
sampling show that bedload movement was dominated by sand-sized material at all sampled flows (Figure
3.6a and Plate 3.1a), which is a common phenomenon in natural gravel-bed rivers. At 400 cfs, bedload
was limited to fine-grained sand intermixed with organic material. At 800 cfs, small amounts of medium-
sized gravel became entrained along withthe sand. At 1,250 cfs, a greater amount of gravel was entrained
along with the sand including large-sized gravel particles greater than 16 mm. In total, there was less sand
i transport overall at 1,250 cfs thanat 800 cfs, albeit the texture was noticeably coarser at 1,250 cfs. Total
transport rates (collected in the bedload sampler) during the referenced flows were found to be less than
10 tons/day at the River Road bridge below Site 8. There was no obvious transition between phase I and
phase II transport as occurred in the Canyonreaches (Olsen et al, 2002). We assume that the magnitude
and duration of the peak flows as shown in Figure 2.2 were insufficient to initiate phase II transport in 2002.

Site 8 Bedload Samples
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FIGURE 3.6A. BEDLOAD SAMPLING DATA BROKEN INTO SAND AND GRAVEL
SIZED PARTICLES COLLECTED AT SITE 8 DURING THE 2002
SPRING HYDROGRAPH.
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SITE 8
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PLATE 3.1A. PHOTOGRAPHS OF BEDLOAD SAMPLES COLLECTED AT BRIDGE
8 DURING 2002 sPRING RUNOFF.

BIO-WEST, INC. PROVO FLOW STuDY - JORDANELLE TO DEER CREEK
FEBRUARY 2004 3-11 FINAL REPORT



High flows were limited in 2002 because of the drought conditions. We expected that it would have been
necessary to sample bedload transport at Bridge 8 for a longer duration and possibly at higher flows to
observe shifts in bedload composition that indicate phase shifts and/or supply limitations.

Fortunately we were able to resample bedload transport more thoroughly at Site 8 during the 2003 spring
runoff. In 2003 we had slightly higher flows with a longer peak flow duration. The longer duration allowed
us to sample at additional locations above and below Site 8 (the white bridge above [-40 and the lower
Midway bridge near the USGS gauge station) to assess spatial variability in bedload data throughout the
Middle Provo River. Sampling at multiple locations was especially important given the recent channel
construction activities in the area and the likelihood of increased fine grained sediment transport in
downstream reaches.

The 2003 spring hydrograph was significantly different than the 2002 spring hydrograph. The peak flows
were approximately 12% greater in 2003 (1,400 cfs instead 0f 1,250 cfs). More importantly, the duration
of peak flows were maintained 3 times longer in 2003 (3 days) compared to the sharp peak (1 day) and
rapid receding limb in 2002 (Figure 2.2). The 2003 hydrograph shows a more gradual receding limb as
per recommendations made by the Utah Reclamation Mitigation and Conservation Commission.

Bedload samples were collected over a 3-day period at Site 8. During day 1 samples were collected
nearly continuously to capture the rising limb (June 16, 2003) as flows ascended from 500 cfs to 1,400 cfs.
During day 2 and 3 samples were collected periodically (switching with the other monitoring sites)
throughout the daylight hours. In general, bedload transport was dominated by sand-sized particles which
began to move in small amounts (between 0.1 and 0.2 tons/day) as flows exceeded 500 cfs (Figure 3.6b).
Although transport rates were not steady over day 1, they generally increased with flow. Total bedload
transport was approximately 2 tons/dayat 1,400 cfs at Site 8 (Figure 3.6¢). There were no obvious trends
of either increased or decreased transport rates over the 3-day peak runoff sampling period as flows were
maintained at 1,400 cfs. Although transport of sand-sized particles peaked during day 2, it appears that
the supply of sand-sized particles available for transport was not exceeded during the 2003 peak flows.

The results of the 2003 bedload sampling show that bedload movement was again dominated by sand-sized
material at all sampled flows (Figure 3.6b-e, and Plates 3.1b-e). As with 2002, there was no obvious
transition between phase [ and phase II transport at Site 8, even with flows reaching 1,400 cfs for a 3-day
period. There was a greater proportion of gravel transport compared to sand with increasing flows during
the rising limb, but no obvious trends with increasing duration over the 3-day peak runoft sampling period.

Some interesting trends occurred at the bedload sampling sites above and below Site 8 (Figures 3.6¢ and
3.6d). There appeared to be a decreasing supply of sand-sized particles at the White Bridge (just above
1-40) during the peak flow event with nearly no transport of gravel-sized particles (unlike any of the other
sampling sites). Some sand deposition occurred between the White Bridge and River Road probably in
backwater areas and on the floodplain at Site 8. Evidence of this deposition was seen during a site visit
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Site 8 Bedload Samples
6-16-2003
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FIGURE 3.68B.

BEDLOAD SAMPLING DATA BROKEN INTO SAND AND GRAVEL
SIZED PARTICLES COLLECTED AT SITE 8 DURING THE RISING
LIMB OF THE 2003 sSPRING HYDROGRAPH.

Site 8 Bedload Samples
6-17 and 6-18-2003
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FIGURE 3.6cC.

BEDLOAD SAMPLING DATA BROKEN INTO SAND AND GRAVEL
SIZED PARTICLES COLLECTED AT SITE 8 DURING THE 2"° AND
3%° DAYS OF 1,400 cFS PEAK FLOWS IN 2003.
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White Bridge Bedload Samples
6-17 and 6-18 2003
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FIGURE 3.6D.

BEDLOAD SAMPLING DATA BROKEN INTO SAND AND GRAVEL
SIZED PARTICLES COLLECTED ABOVE SITE 8 (AT THE WHITE
BRIDGE ABOVE |-40) DURING THE 2003 SPRING HYDROGRAPH.

Bedload Samples from Midway Bridge
6-17-2003 and 6-18-2003
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FIGURE 3.6E.

BEDLOAD SAMPLING DATA BROKEN INTO SAND AND GRAVEL
SIZED PARTICLES COLLECTED BELOW SITE 8 (PROVO RIVER AT
MIDWAY USG5 S GAUGING STATION) DURING THE 2003 SPRING
HYDROGRAPH.
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PLATE 3.1.B. PHOTOGRAPHS OF BEDLOAD SAMPLES COLLECTED AT BRIDGE

8 DURING THE RISING LIMB OF THE 2003 SPRING RUNOFF.
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PLATE 3.1.D. PHOTOGRAPHS OF BEDLOAD SAMPLES COLLECTED ABOVE SITE
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SPRING RUNOFF.
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PLATE 3.1.E. PHOTOGRAPHS OF BEDLOAD SAMPLES COLLECTED BELOW
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following the peak flows. Additional supplies of sand and gravel must be available between Site 8 and
Midway Bridge. There was a general increasing trend of sand- and gravel-sized bedload transport with
time as flows were maintained near 1,400 cfs.

Using the data collected in 2003, some degree of bed armoring probably occurred above [-40
(approximately 2 miles downstream of Jordanelle Dam) and bed fining or equilibrium transport at and
below the Midway Bridge. At this time (approximately 7 years after Jordanelle Reservoir was filled)
bedload sampling results indicate very limited supplies of sand- and gravel-sized materials during bedload
transport immediately downstream of Jordanelle Dam, and that additional supplies of sand- and gravel-
sized particles currently exist somewhere above the Midway Bridge, probably in the “restored” and “never
channelized” portions of the Provo River. The higher sand- and gravel-sized bedload transport at the
Midway Bridge continues downstream through Site 7 (less than 2 miles downstream) as shown in
subsequent sections of this report. Sand and gravel “mining” (outgoing loads exceeding incoming loads)
and the succeeding bed armoring/channel entrenchment processes currently active immediately below
Jordanelle Dam is expected to migrate downstream over time as bedload supplies become more and more
depleted unless supplies are mitigated below this large structure.

3.1.4.2 MODELING RESULTS

The streambed particle sizes at Site 8 range from small-sized sand to large-sized cobbles (Table 3.1).
There is nearly an equal number of particles in the various size classes withno apparent dominant size class
(Figure 3.7). The riffle sampled at Site 8 is poorly sorted with fifty percent of the bed material between
40-150 mm in diameter, a broad range of particle sizes for the steepest portion of the distribution curve.
Although it is apparent that this riffle has not coarsened over the past two years since the channel was
constructed, this riffle is representative of the particle sizes in the general vicinity of the bedload cross
section at Site 8. We noticed some coarser patches of cobbles within Site 8 away from the bedload cross
section but they were not close enough to be controlled by the hydraulics at the bedload cross section.

TABLE 3.1. IMPORTANT FRACTIONS OF SITES 7 AND 8 STREAMBED
PARTICLE SIZE DISTRIBUTIONS AND LARGEST PARTICLE
CAPTURED AT BRIDGES 7 AND 8 DURING BEDLOAD SAMPLING.”

SITE D16 D25 D50 D75 D84 MAXIMUM SIZE AT
BRIDGES 7 AND 8
IN TRANSPORT

7 73 81 108 130 145 21

8 16 33 70 128 168 41

* THE SIZE OF PARTICLES ARE MEASURED IN MM ALONG THE B-AXIS.
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Provo River Sites 7 and 8
Bed Particle Size Distribution
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FIGURE 3.7. PARTICLE SIZE DISTRIBUTIONS OF SITES 7 AND 8.

The equaldistributionofbed material at Site 8 is very much in contrast to the 100+ mm (cobble) dominated
armored/coarsened bed at Site 7 (See Section 4 [Discussion] ofthis report for a more detailed comparison
of the two Sites). It is likely that the bed materials at Site 8 (i.e., Ds,) will become larger over time as a
result of material sorting and/or armoring processes. Furthermore, the smaller particle sizes at Site 8 is an
anomaly compared to reaches above and below this specific area.

The effects of armoring (increasing the size of the Ds, over time) on bedload transport rates within this
newly constructed channel was evaluated first; to use a “stable’ sized Ds, in establishing a bedload rating
curve for this reach, and second; to apply an appropriate rating curve to flow projections to evaluate future
loads and the effects of alternative flow regimes on fluvial processes as quantified through effective
discharge calculations. The current D5 (particle 70 mm in size) first was used to model bedload transport
based on hydraulic conditions at 0.1 feet stage increments at Site 8's bedload cross section. A bedload
transport rating curve was developed for both the Meyer-Peter Muller (1948) and Parker (1990) bedload
transport equations (Figure 3.8a) using the reach average (1.0%) water surface slope. Bedload sampling
results were then plotted on the same graph to illustrate the equation with the best fit through the actual data

(Figure 3.8a).
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FIGURE 3.8A. PARKER (1990) AND MEYER-PETER MUELLER (1948)

BEDLOAD RATING CURVES AT SITE 8 BASED ON A 70 MM
SIZED D5|:|' ACTUAL BEDLOAD DATA IS SHOW TO COMPARE
ACTUAL VERSES MODELED BEDLOAD TRANSPORT RATES.

Based on the bedload sampling data, the Parker (1990) equation performs better than the Meyer-Peter
Mueller (1948) equationat Site 8. However, the Parker (1990) equation still over-predicts transport rates
using the measured D, in this newly constructed channel. Adjusting the Ds, to 90 mm (assuming armoring
of20 mm) and using the Parker (1990) equation produces the best-fit-line through the actual sampling data
(Figure 3.8b). Bedload transport rates under a range of future bed armoring are further evaluated in the
Discussion (Section 4) of this report.

The suspended sediment rating curve for the Midway water quality monitoring site (Figure 3.9) illustrates
very low suspended sediment loads (i.e., TSS concentrations) at flows less than 200 cfs, and is positively
correlated with streamflow similar to the Murdock and Geneva Road water quality monitoring sites (Olsen
et al, 2002). A comparison of Figures 3.8b and 3.9 indicate that suspended sediment constitutes 100
percent of the sediment load at flows less than 500 cfs, and more than 90 percent of the total sediment load
at higher flows.
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FIGURE 3.88B. PARKER (1990) AND MEYER-PETER MUELLER (1948)
BEDLOAD RATING CURVES AT SITE 8 BASED ON A 90 MM
si1zEp D_,. BEDLOAD DATA COLLECTED AT RIVER RODAD
BRIDGE IS SHOW TO COMPARE ACTUAL VERSES MODELED
BEDLOAD TRANSPORT RATES AT THIS LOCATION. THE POWER
EQUATION (I.E., TRENDLINE) IS SHOWN ON THIS GRAPH
BECAUSE IT WAS USED FOR EFFECTIVE DISCHARGE
CALCULATIONS.
3.1.4.3 EFFECTIVE DISCHARGE RESULTS

Daily streamflow values during the 1997-2001 water years are quite different between the Midway and
Hailstone gauges (Figure 3.10 and Appendix C). There is a reversal in number of occurrences between
the two gauges at 600 cfs (ironically just above the point when bedload transport begins). Flows below
600 cfs transport very little bedload sediment and are not considered “effective” in governing channel size
and shape. Flows less than 600 cfs occur 30 more days per year at the Midway gauge, whereas flows
greater than 600 cfs occur 2.5 times more often (50 compared to 20 days per year) at the Hailstone gauge.
Furthermore, the magnitude and duration of high flow is much greater at Hailstone. On average, the
Hailstone gauge has 16-days per year when flows exceed 1,400 cfs whereas the Midway gauge only
averages two. The morphologic result ofthese flow differences is that effective discharge would have been
much greater prior to operation of Jordanelle Dam and channel narrowing will likely occur over time in the
unrestored reaches ofthe Middle Provo River (all of Reach 7 and the never channelized portions of Reach
8).
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FIGURE 3.9. THE EMPIRICALLY DERIVED SUSPENDED SEDIMENT RATING

CURVE DEVELOPED USING DATA COLLECTED IN PROVO RIVER
AT MIDWAY CUTOFF ROAD CROSSING NORTH OF HEBER
(UDWQR MONITORING SITE #a99730).

An important consideration at Site 8 is that effective discharge calculations are for the “main channel” where
the bedload rating curve was established. Flow does not remain ina single channel at Site 8 and the “out
of bank” flow needs to be accounted for when applying the bedload rating curve and looking at the
effective discharge values shown in Figure 3.10. A fairly large side channel (Site 8c) runs adjacent to Site
8 (Map 1.4) and contains over 100 cfs when total flow at the USGS gauge station exceeds 1,000 cfs
(Table 2.5). An empirical relationship was developed between total flow (as measured at the USGS gauge
station) and flow in the 8C side channel (as measured by BIO-WEST personnel during field studies). A
linear equation (Flow in 8c Side Channel = 0.1213 x Total Flow in Provo River at USGS Gauge Station -
10.681) is used to quantify flows in the side channel relative to flows reported at the USGS gauge station.
This relationship has an R? value of 0.99. For example, an effective discharge of 1,800 cfs at the USGS
gauge station translates to approximately 1,600 cfs in the main channel at Site 8.
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FIGURE 3.10.

EFFECTIVE DISCHARGE RESULTS FOR SITE 8. THE UPPER
GRAPH SHOWS THE AVERAGE NUMBER OF DAYS PER YEAR
FROM 1997-2001 THAT STREAMFLOW HAS BEEN WITHIN ANY
200 cfFs INCREMENT (D0-200, 200-400, ETC.). THE LOWER
GRAPH APPLIES THE MODELED BEDLOAD TRANSFPORT RATE AT
SITE 8 (BASED ON THE PARKER [1990]1 EQUATION USING A
90 MM D_ ) MULTIPLIED BY THE NUMBER OF OCCURRENGES TO
DETERMINE THE STREAMFLOW THAT TRANSPORTS THE MOST
BEDLOAD SEDIMENT OVER THE PERIOD OF RECORD.
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Our calculations show that effective discharge has been somewhat bimodal over the past 5 years (Figure
3.10). The multiple peaks are likely a result of the relatively wet and dry runoff conditions with no real
“average” years during this period. The results show that a dominant range of flow between 1,800 and
2,000 cfs (as measured at the River Road USGS Gauging Station) has transported the greatest amount of
bedload sediment at Site 8 since the construction of Jordanelle Dam (Figure 3.10). This translates to
approximately 1,600-1,800 cfs in the main channel of Site 8. As a measure of its significance, this narrow
yet dominant range of flow has transported more than 25 percent of the total sediment load since 1997.
If flows in this range continue to remain dominant over a longer period of record, the channel will continue
to adjust its size (channel shape and capacity) to accommodate the new hydraulic conditions resulting from
the post-Jordanelle flow regime.

Another lesser peak exists between 1,200 and 1,400 cfs (Figure 3.10). This translates to approximately
1,060 to 1,240 cfs in the main channel of Site 8. According to the bedload cross section placement (Map
3.1) and hydraulic modeling using WinXSPRO, this portion of the restored channel was sized to overtop
its banks at flows near 1,000 cfs, which happens to be the beginning of the first mode of high transport
(Figure 3.10). The channel has a much greater capacity above and below Site 8, and water does not
overtop the banks until flows exceed 1,600 cfs.

It is important to note that this type of analysis is sensitive to small changes in peak flows, which are
sometimes accentuated over short time periods. Although some channel adjustments occur annually or
even during shorter time periods (especially during extreme floods), we recommend using a minimum of
a 25-years of daily flow records for more reliable effective discharge calculations. There were not very
many days during the referenced period of record with flows between 1,400 and 1,800 cfs, yet there were
enough days just below and just above this range to cause a dual peak. We expect that the true post
Jordanelle effective discharge (current operations over a broader range of climatic conditions) would be
between 1,400 and 2,000 cfs (as measured at the River Road USGS Gauging Station).

An evaluation of the effects of channel armoring (increasing the D) at Site 8 on effective discharge
calculations is provided in the Discussion Section of this report.

3.1.4.4 SEDIGRAPH RESULTS

A comparison of sediment transport, in terms of timing, magnitude and duration was made between two
alternative flow regimes for Site 8 (Figure 3.11). Equations shown in Figures 3.8b and 3.9 defining the
suspended sediment and bedload rating curves were applied to average daily flows over the past 5 years
(water years 1997 to 2001 ) daily sediment loads for the “unregulated’” (Hailstone) and regulated (Midway)
gauges (see Appendix C fordetails). The results of this analysis show similar patterns but expose significant
differences in timing, magnitude and duration of the sediment transport regime under different flow
scenarios.
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MaP 3.1. MAP OF STUDY SITE 8 SHOWING RIPARIAN TRANSECGCT AND BEDLOAD
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FIGURE 3.1 1. TIMING, MAGNITUDE AND DURATION OF SEDIMENT TRANSPORT

FOR AVERAGE DAILY FLOWS OVER THE PAST 5 YEARS (1997-
2001) AT SITE 8 (MIDWAY GAUGE) BASED ON THE 90 MM
D..- THE HIGHER CURVE REPRESENTS THE PREDICTED
ADJUSTMENT IN SEDIMENT TRANSPORT USING SITE 8's
RATING CURVES WITHOUT THE |INFLUENCE OF FLOW
REGULATION BY JORDANELLE DAM (HAILSTONE GAUGE).

The rising and falling limbs of the annual regimes have identical angles (rates of change) but occur at
different times, peak at unequal levels, and persist for varying lengths. Daily sediment transport rates are
much lower at Site 8 during the majority of spring runoff. It is apparent that channel maintenance flows (high
sediment transport rates) at Site 8 have been reduced significantly due to flow regulations. Peak daily
sediment loads are approximately 50% lower below Jordanelle Dam and have been shortened in duration
by approximately 20 days per year.

Flow duration curves (Figure 3.12) were used to calculate total annual sediment loads for Site 8 based on
the regulated (Midway) and unregulated (Hailstone) flow regimes (and based on the 90 mm Ds;). The total
annual sediment load for Site 8 is 4,037 tons. However, the total annual sediment load using the
unregulated flow data at Hailstone is approximately 11,659 tons (approximately 2.9 times greater than Sites
8). Therefore, sediment transport loads have been reduced by nearly 300% below Jordanelle since its
construction.
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FIGURE 3.1 2. FLOW DURATION CURVES FOR WATER YEARS 1997-2001 FOR

USGS-GAUGED SITES WITHIN THE STUDY AREA INCLUDING
THE HAILSTONE GAUGE TO REPRESENT FLOWS WITHOUT THE
INFLUENCE OF JORDANELLE DAM AND THE MIDWAY GAUGE TO
REPRESENT FLOWS AT SITES 7 AND 8.

The composition of sediment in transport (proportion moving in suspension compared to bedload) was
found to be dominated by suspended sediment (98% of the total annual sediment load). The proportion
of'the suspended load to bedload is much different using unregulated flows at Hailstone. Although the total
sediment load is still dominated by suspended sediment, it only makes up 94% of the total annual load
instead of 98% below Jordanelle.

Previous results using the Meyer-Peter Mueller equation were shown to over-predict bedload transport
rates by an order of magnitude (Figure 3.8b) indicating a higher proportion of bedload. It is apparent that
the Parker (1990) equation best represents actual measured bedload transport rates at Site 8 based on the
recent bedload sampling results (Figure 3.8b). A further evaluation of total annual bedload transport under
less/more armored conditions at Site 8 (larger Ds) is provided in the Discussion Section of this report.
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3.1.5 RIPARIAN VEGETATION - SITE 8

Unlike all of the other Provo River study sites, riparian vegetation width at Site 8 is not constrained by
levees on either side of the stream. Because the river is not constrained, a variety of fluvial surfaces
including islands, broad floodplain areas, and gently sloping streambanks are present within the Site.
However, because the channel was constructed so recently (in 2001), riparian vegetation has had limited
time to become established. Currently, riparian vegetation within Site 8 consists primarily of grasses, small
willow plantings, and volunteer willow/cottonwood seedlings (Plate 3.2). It is not yet possible to identify
the vegetation patterns and flow relationships that will ultimately develop within the site. However, two
transects were analyzed to determine inundation patterns for different fluvial surfaces that may serve as
riparian recruitment sites.

3.1.5.1 TRANSECT RESULTS

Within Site 8, two transects spanning different riparian establishment surfaces were selected to evaluate the
relationships between streamflow and riparian characteristics (Map 3.1). These transects are plotted in
Figure 3.13a along with the range of flows that inundate the different establishment surfaces.

Transect 1 crosses grassy floodplain areas on both river right and river left (Figure 3.13a, Plate 3.2). On
river right (facing downstream), the floodplain is at a slightly lower elevationand is bordered by a berm that
grades into anupland area. Onboth streambanks, grass begins growing at approximately the 120 cfs flow
level. Flows of 120 cfs are equaled or exceeded 95% of the time in the Middle Provo River (Appendix
C), which eliminates the potential for vegetation growth on surfaces lower than this flow level.

The right floodplain surface becomes inundated at flows between 1,300 and 1,500 cfs, and is inundated
to a width of about 50 feet at the 2,000 cfs discharge level (Figure 3.13a). Based on frequency analysis
of gage data, this surface is overtopped by floods with a return interval between 2 and 5 years (Appendix
C). The higher floodplain onriver left remains dry at 2,000 cfs, which is the highest modeled flow. Even
at 2,300 cfs (the maximum flow release from Jordanelle Dam), this left floodplain surface would most likely
remain dry.

Transect 2 also spans the high floodplain surface on river left, and modeling results indicate that flows
considerably greater than 2,000 cfs would be needed to inundate this surface (Figure 3.13a). As with
Transect 1, the river right floodplain surface is at a lower relative elevation, and at Transect 2 the right bank
is overtopped by discharges of 1,100 cfs and greater. The mid-channel island at Transect 2 becomes
completely inundated by flows of 1,500 cfs and greater. As with Transect 1, vegetation (grass) at Transect
2 occupies surfaces higher thanthe 120 cfs flow level, but is not present on lower surfaces (Figure 3.13a).
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PLATE 3.2. PHOTOS OF SITE 8 RIPARIAN SURFACES. (A) DOWNSTREAM
VIEW OF SURFACES CROSSED BY TRANSECT 1; (B) UPSTREAM
VIEW OF SURFACES CROSSED BY TRANSECT 1; (C) UPSTREAM
VIEW OF ISLAND AND FLOODPLAIN SURFAGCES CROSSED BY
TRANSECT 2. (D) DOWNSTREAM VIEW OF SURFACES CROSSED
BY TRANSECT 2.

3.1.5.2 COTTONWOOD RECRUITMENT MODEL RESULTS

Since cottonwood seeds require a bare, moist surface for germination, overbank flooding and sediment
deposition are an essential component of successful cottonwood recruitment. Modeled water depths at
the expanded riparian Study Site 8 indicate that significant overbank flooding begins at this site at flows
greater than 800 cfs (Image 3.2b). Large portions of the overall site, including important island and side-
channel floodplain areas, are underwater at flows of 2,000 cfs (Image 3.2b).
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IMAGE 3.28B. MODELED FLOODPLAIN WATER DEPTHS AT DIFFERENT FLOWS
FOR THE EXPANDED RIPARIAN STUDY SITE 8. DEPTHS ARE IN
METERS.

DEPTH
2.50

2.33
217
2.00
1.83
1.67
1.50
1.33
11.17
1.00

0.83
0.67
0.50
0.33
0.17
0.00

el we A el E e | S ™ e X
1600 cubic feet per second 2000 cubic feet per second

The four modeled springtime hydrographs and recruitment area results are shown in Figure 3-13b. Ofthe
four water years, the year withthe greatest predicted area of successful recruitment is 1999, which had the
highest peak flows during the seeding window (May 30-July 19). The year with the lowest predicted area
of successful recruitment is 2000, which had the lowest peak flows. Because peak flows in 2000 only
reached 1,280 cfs, a much smaller potential recruitment area was inundated relative to 1999, when peak
flows reached 2,100 cfs. This difference is readily seen in Image 3.2c.
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IMAGE 3.2C. COTTONWOOD RECRUITMENT MODEL RESULTS FOR WATER
YEARS 1950, 1993, 1999, AND 2000. AREAS THAT
SUCCESSFULLY MEET ALL RECRUITMENT CRITERIA ARE SHOWN
IN GREEN; AREAS WHERE THE GROUNDWATER RECESSION RATE
WAS TOO RAPID ARE SHOWN IN BLUE; AREAS THAT WERE RE-
WETTED/FLOODED ARE SHOWN IN RED.

4.00
3.69
3.38
3.07
2.76
2.45
2.14
1.83
1.52
1.21

0.20

1999 o 2000

BIO-WEST, INC. PROVO FLOW STUDY - JORDANELLE TOo DEER CREEK
FEBRUARY 2004 3-36 FINAL REPORT



Although the magnitude of the springtime peak flow is a very important variable incottonwood recruitment,
it is not the only factor that determines recruitment success. For example, the year 1950 had a slightly
higher amount of successful recruitment area than 1993, despite the fact that 1993 peak flow (2,210 cfs)
was considerably higher thanthe 1950 peak flow (1,570 cfs) (Figure 3-13b). This is partly due to the fact
that flows in 1993 peaked early, prior to the cottonwood seeding window; the highest 1993 flow after May
30 was only 1,930 cfs. This illustrates the fact that the timing of peak flows, not just the magnitude, is an
important variable in recruitment.

Although flows in 1993 inundated more of'the floodplain thanthe 1950 flows, the 1950 hydrograph pattern
enabled greater recruitment success along lower surfaces such as channel banks and point bar surfaces
(Image 3.2c). The latter portion of the 1950 hydrograph receded slowly and steadily from 954 cfs on June
14 to 99 cfs on July 30 (Figure 3-13b). In contrast, flows in this range dropped relatively quickly in 1993
(from 982 cfs on June 30 to 103 cfs on July 17). In addition, in 1993, flows increased at the end of the
modeling period (from45 cfs on July 20 to 349 cfs on July 26), flooding any germinated seedlings on these
lower surfaces. This flow increase accounts for the red zones along the lower banks seen in the 1993
modelresults (Image 3-2b). These same areas are green in the 1950 results, indicating recruitment success
(Image 3-2c).

Although seedlings that grow on these lower surfaces are susceptible to scour during the following year’s
high flows and may not be as successful in the long-term as recruitment on higher, more protected surfaces,
the different model results for 1950 and 1993 illustrate the importance of multiple flowvariables (magnitude,
timing, duration, pattern, and recession rate) in determining cottonwood recruitment success. Simple,
integrated flow variables such as average annual flow or even monthly average flow are not adequate to
predict complex resource processes such as cottonwood recruitment.

The four modeled hydrographs are simply examples of how the Site 8 cottonwood recruitment model can
be used. Additional water years could be modeled and design hydrographs could be developed and
modeled to help define criteria for Jordanelle Dam flow releases to maximize cottonwood recruitment
success.
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3.2 SITE 8B

3.2.1 AQUATIECE HABITAT - SITE 8B

3.2.1.1 HABITAT NICHE MODELING

As discussed in Section 2 and Appendix A, a habitat niche approach was primarily used for assessing
suitable habitat for Site 8b, but individual trout life stage HSI curves were also used. Site 8b consisted of
the Rock Ditch return flow was modeled from 9 to 21 cfs.

As with other sites, each WUA value calculated for Site 8b represents the total amount of suitable habitat
per 1,000 linear feet of stream. The total linear distance for this site was only 196 feet; therefore, the total
WUA was extrapolated to 1,000 linear feet for comparison to other sites. Image 3.3 and Figure 3.14
shows the WUA (ft2/1,000 ft) for each niche per respective flow. This site is dominated by Niche 2 habitat
(slow/shallow) which remains just above 20,000 f/1,000ft throughout the range of flows. The only other
niche type with greater than 1,000 f*/1,000ft was niche3 (moderate/shallow) which increased to just over
5,000 f1*/1,0001ft at the highest modeled flow. These two niche types are important for native fish species.
The niche most closely associated with trout, niche 5, increased with flow rate, but remained below 1,000
f2/1,000ft at the modeled flows. All other niches were essentially 0 ft2/1,000ft at all flows.

Overall, the results of the habitat niche modeling at this site indicates native species should be dominant in
this reach at the modeled flows. The dominance of slow/shallow habitat and gradual increase of
moderate/shallowhabitat provides ideal conditions for native species; however, the presence of some niche
5 habitat at higher flows suggests that a few trout may occupy the area during those times and may prevent
native species from establishing sustaining populations. In general, this habitat will provide high quality
habitat for fry and juveniles of many species, including trout, and will probably serve as a refugia area for
native species during times when trout are restricted.

3.2.1.2 HSI CuRVE MODELING

Figure 3.15 shows the WUA (ft%/1,000 fi) for each trout species/lifestage per respective flow using
individual HSI curves for brown trout and ““all” trout. To avoid overestimating trout habitat, an “all” trout
classification scheme (described in Methods) was used. The results show higher estimates of WUA than
that indicated by the habitat niche approach. Niche 5 habitat was below 1,000 ft*/1,000 ft under all flows,
but the all-trout HSI curve increased from 2,300 i%/1,000 ft to nearly 7,000 £*/1,000 f&. Curves for
juvenile brown trout and fry were similar. The all-trout juvenile curve had the highest WUA and increased
from 16,300 ft2/1,000 ft to 21,300 £t*/1,000 ft at the highest flow. This corresponds closely to the niche
2 results.

Based on these HSI curves, the amount of habitat available to each trout species and life stage increases
steadily with flow and the optimal for any species/life stage is at the highest flow (21 cfs). The adjustment
applied to accommodate shallower depths in the all-trout juvenile curve relative to the brown trout juvenile
curve revealed substantial differences in habitat availability in this instance and suggests that cutthroat and/or
rainbow juveniles would be dominant in this habitat, whichmay result in the displacement of native species
that do not generally inhabit areas with abundant juvenile trout (Figure 3.13).
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IMAGE 3.3.

SITE 8B

HABITAT NICHES - WEIGHTED USABLE AREA (SITE 8B). THE
IMAGES BELOW VISUALLY DEPICT HABITAT NICHES THAT ARE
PRESENT AT DISCHARGES OF 9, 16 AND 21 CFS FOR THE
SITE. EACH HABITAT NICHE IS REPRESENTED BY THE COLOR
IMMEDIATELY ADJACENT THE NUMBER/DESCRIPTION IN THE
LEGEND. FOR EXAMPLE, NICHE 5 = BLUE, NICHE 1 = LIGHT
YELLOW, ETC.
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An evaluation of the existing data on spawning criteria revealed that although the brown trout curves
encompassed the depth and velocity criteria for rainbow and cutthroat trout, the depth and velocities
required for the latter two species differed to a degree where separation of individual curves for each
species (versus the “all trout” curve) was warranted. Since substrate requirements were very similar among
species, the variation in depth and velocity requirements for rainbow and cutthroat trout resulted in lower
availability of spawning habitat (Figure 3.16). Brown trout habitat increased from about 7,800 ft*/1,000
ft to over 9,200 /1,000 ft and rainbow trout spawning habitat increased more rapidly from 3,300
/1,000 ft to nearly 8,800 /1,000 ft. Cutthroat trout spawning habitat was approximately equal to
rainbow trout at the lowest flow but decreased with increasing flows.

3.2.3 RECREATIONAL USABILITY-SITE 8B

3.2.3.3 WADING (FISHING)

The WUA'’s calculated for Reach 8b represent the total amount of suitable wading/fishing “habitat” (area)
per 1,000 ft of stream. Figure 3.17 shows the WUA (ft*/1,000 f) for fishing/wading recreational activities.
At the modeled flows (9-21 cfs), >25,000 fi*/1,0001t of fishing/wading area is provided for recreationists.
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SITE 8cC

3.3 SITE 8c

3.3.1 AQUATIC HABITAT - SITE 8C

3.3.1.1 HABITAT NICHE MODELING

As discussed in Section 2 and Appendix A, a habitat niche approach was primarily used for assessing
suitable habitat for Site 8c, but individual trout life stage HSI curves were also used. Site 8c consisted of
a cutoff channel from the mainstem of the river and was modeled from 2 to 85 cfs.

Each WUA value calculated for site 8c represents the total amount of suitable habitat per 1,000 linear feet
of stream. Figure 3.18 shows the WUA (ft*/1,000 ft) for each niche per respective flow. Habitat variability
was higher in site 8c than in site 8b. The backwater/edge habitat (niche 1), whichis used by a majority of
native fish species and larval stages of many fish was highest (8,800 ft%/1,000 ft) at the lowest flow (2 cfs).
This habitat decreases in WUA down to near 5,000 fi*/1,0001t at approximately 10 cfs to 15 cfs, but
between 15 cfs and the highest flow, 85 cfs the niche 1 habitat increases gradually to near the WUA value
modeled at the lowest flow. The slow/shallow habitat (niche 2) supports many juvenile and YOY species
(Image 3.4).
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FIGURE 3.1 8. SITE 8c: HABITAT NICHES - WUA vs. FLOW.
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SITE 8cC

IMAGE 3.4. HABITAT NICHES - WEIGHTED USABLE AREA (SITE 8cC).
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SITE 8cC

This niche maintains the highest WUA at all flows between 2 cfs and 40 cfs (6,500 t%/1,000 ft - 13,000
/1,000 ft) and remains above 5,000 ft?/1,000 ft at all flows. Niche 3 habitat increases from 0 ft2/1,000
ft to over 8,500 £t*/1,000 ft at 40 cfs and decreases slightly beyond that. Niches 2 (slow/shallow habitat)
and 3 (moderate/shallow) overlap in supporting larval and juvenile life stages for certain species, but niche
3 is broader and includes certain adult species. The fast/shallow habitat (niche 4), which provides suitable
habitat for mountain sucker adults and mottled sculpin adults and juveniles, remains at 0 ft*/1,000 ft up to
30 cfs then increases to 5,000 ft*/1,000 ft at 85 cfs. Niche 5 is the primary habitat type for the sportfish
in the Provo River including all trout and mountain whitefish adults and juveniles but it is also is relatively
limited throughout the range of flows in site 8¢ and just barely tops 5,000 £t*/1,000 ft at the highest flow.
The only species/lifestage documented in niche 6 habitat (fast/mid-depth) is the adult mountain sucker and
this niche is barely represented in site 8c; niches 7 and 8 are nonexistent at all flows.

Overall, the results of the habitat niche modeling at this site suggest that it provides high quality habitat for
juveniles of several species and provides the habitat to support native fishes. However, the presence of
some habitat for adult trout and probability of supporting populations of juvenile trout suggests that
biological interactions would limit native fishes in this site. Backwater/edge habitat remains relatively
abundant compared to other habitats in this reach at all times and may provide a shelter to those native
fishes that primarily use this habitat type.

3.3.1.2 HSI| CURVE MODELING

An examination of the individual HSI curves for brown trout and ““all trout” reveal slightly higher estimates
for habitat availability than that observed above for niche 5. Figure 3.19 and Image 3.5 show the WUA
(ft%/1,000 ft) for each trout species/lifestage per respective flow. As in previous reaches, the brown trout
adult curve was used to assess habitat availability for all trout species. For adult trout, WUA was greater
than5,000 f*/1,000 ft between approximately 10 and 85 cfs. Although exhibiting different habitat amounts,
the juvenile “all trout” and brown trout curves reveal a similar trend with the highest WUA between 10 and
85 cfs except that habitat for all-trout juveniles was substantially higher (>15,000 /1,000 ft between 10
and 85 cfs).

Figure 3.19 reveals that habitat for fry increases to nearly 5,000 fi*/1,0001t at 10 cfs and then declines
gradually to about 2,500ft £2/1,000 ft at the highest flow. This study documents that the optimal range for
fry habitat in site 8c is approximately 5 to 30 cfs. As flow increases, trout fry habitat is reduced.

An evaluation of the existing data on spawning criteria revealed that although the brown trout curves
encompassed the depth and velocity criteria for rainbow and cutthroat trout, the depth and velocities
required for the latter two species differed to a degree where separation of individual curves for each
species (versus the “all trout” curve) was warranted. Since substrate requirements were very similar among
species, the variation in depth and velocity requirements for rainbow and cutthroat trout resulted in lower
availability of spawning habitat (Figure 3.20). Brown trout habitat increased to nearly 12,000 £t*/1,000 ft
at 25 cfs and decreased beyond that; rainbow trout spawning habitat followed a similar curve, but available
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SITE 8cC
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FIGURE 3.20. SITE 8c: TROUT SPAWNING - WUA VS. FLOW.

habitat was about 3,000 2/1,000 ft less at all flows. Cutthroat trout spawning habitat was nearly identical
to rainbow trout spawning habitat up to a peak at 10 cfs, but decreased substantially at higher flows and
dropped to only 600 ft*/1,000 ft at 85 cfs.

3.1.3.3 WADING (FISHING)

The WUA s calculated for Reach 8c represent the total amount of suitable wading/fishing “‘habitat” (area)
per 1,000 ft of stream. Figure 3.21 shows the WUA (ft%/1,000 ft) for fishing/wading recreational activities.
At flows between 15 and 85 cfs, >25,000 fi*/1,0001t of fishing/wading area is provided for recreationists.
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SITE 8D

3.4 SITE 8D

3.4.1 AQUATIC HABITAT - SITE 8D

Site 8d represented a beaver dam complex in which changes in flow had minimal effects on wetted area
and thus modeling was not warranted at this site. Two transects were placed within this site and point
measurements were taken with depth and velocity recorded as described in Section 2. For both cross
sections, the only niche represented was Niche 1 (backwater/edge). Niche 1 habitat represented 83% of
the wetted area for the cross section above the second lowest dam (17% of the area was to shallow to
classify as Niche 1) and 100% of the wetted area at the cross section above the lowest dam. The
backwater/edge habitat (niche 1) is used by a majority of native fish species and larval stages of many fish.

When evaluating the available adult and juvenile brown trout habitat only habitat with a > 0.5 suitability -
depth and velocity was used for each life stage. The following table shows the percentage of available
habitat for each cross section.

Site 8d above second lowest dam Site 8d above lowest dam
brown trout adult 0% 43%
brown trout juvenile 17% 57%

The first cross section (above second lowest dam) provides only minimal habitat for brown trout juveniles

and no habitat for adults as the velocities are too low. With slightly increased velocities at the lowest dam,

the percentages ofhabitat increases for both adult and juvenile brown trout. As the backwater/edge habitat
is the only available habitat, it may provide a shelter/refuge for native fishes. However, the presence of
some habitat for juvenile trout at the upper cross sections and increased amounts of suitable habitat for
juveniles and adult trout at the lower cross section suggests that biological interactions could limit native

fishes in this site. The ability of brown trout to use habitats with shallow depths and lower flows potentially
impedes the sustainability of native fishes even inhabitat suchas this, which under non-predatory conditions

would be ideal for many native species.
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SITE 8E

3.5 SITE 8E

3.5.1 AQUATIC HABITAT - SITE 8E

3.5.1.1 HABITAT NICHE MODELING

As discussed in Section 2 and Appendix A, a habitat niche approach was primarily used for assessing
suitable habitat for Site 8e, but individual trout life stage HSI curves were also used. Site 8e consisted of
a meandering meadow stream that was modeled from 1 to 20 cfs. At flows higher than 20 cfs, the water
breaks out of the bank creating sheet flow over the floodplain.

Each WUA value calculated for site 8e represents the total amount of suitable habitat per 1,000 linear feet
ofsstream. Figure 3.22 shows the WUA (ft%/1,000 ft) for each niche per respective flow. Habitat variability
was minimalin site 8¢ (Image 3.6), all niches were limited to under 5,000 £*/1,000 ft. The backwater/edge
habitat (niche 1), which is used by a majority of native fish species and larval stages of many fish was
highest (4,500 ft*/1,000 ft) at the lowest flow (1 cfs) and decreased steadily in WUA down to near 600
/1,000 ft at the highest flow (20 cfs). The slow/shallow habitat (niche 2), which supports many juvenile
and YOY species, peaked at 3 cfs (3,400 fi*/1,000 f) and decreased to 1,000 ft%/1,000 ft at the highest
flow. Niche 3 habitat increases from 0 /1,000 ft to a peak of 2,200 t%/1,000 ft at 12 cfs and decreases
slightly beyond that. Niches 2 (slow/shallow habitat) and 3 (moderate/shallow) overlap in supporting larval
and juvenile life stages for certain species, but niche 3 is broader and includes certain adult species. The
fast/shallow habitat (niche 4), which provides suitable habitat for mountain sucker adults and mottled sculpin
adults and juveniles, increased very gradually with higher flows to a peak of only 1,300 ft%/1,000 ft at 20
cfs. Niche 5 is the primary habitat type for the sportfishin the Provo River including all trout and mountain
whitefish adults and juveniles and increases steadily from 1 - 20 cfs with a peak of about 3,700 ft%/1,000
ft. Niches 6 - 8 are nonexistent at all flows.

3.5.1.2 HS| CURVE MODELING

An examination of the individual HSI curves for brown trout and “all trout” reveal similar estimates for
habitat availability compared to that observed above for niche 5. Figure 3.23 and Image 3.7 shows the
WUA (ft*/1,000 ft) for each trout species/lifestage per respective flow. As in previous reaches, the brown
trout adult curve was used to assess habitat availability for all trout species. For adult trout, WUA was
greater than 2,000 ft%/1,000 ft at 3 cfs and above. Although exhibiting different habitat amounts, the
Juvenile “all trout” and brown trout curves reveal a similar trend except that habitat for all-trout juveniles
was substantially higher (>4,000 ft%/1,000 ft above 2 cfs).

Figure 3.24 reveals that habitat for fry increases to 2,500 f%/1,000ft at 5 cfs then declines gradually to
about 1,700ft ft%/1,000 ft at the highest flow. This study documents that the optimal range for fiy habitat
in site 8e is approximately 3 to 13 cfs, but even in this range, suitable habitat is limited.
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SITE 8E
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FIGURE 3.22. SITE 8E: HABITAT NICHES - WUA Vvs. FLOw.

An evaluation of the existing data on spawning criteria revealed that although the brown trout curves
encompassed the depth and velocity criteria for rainbow and cutthroat trout, the depth and velocities
required for the latter two species differed to a degree where separation of individual curves for each
species (versus the “all trout” curve) was warranted. Although some differences exist in spawning habitat
availability between species, it is minimal (<3,000 £t*/1,000 ft) for all trout species at all flows in this site

(Figure 3.24).
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SITE 8E

IMAGE 3.6. HABITAT NICHES - WEIGHTED USABLE AREA (SITE 8E). THE
IMAGES BELOW VISUALLY DEPICT HABITAT NICHES THAT ARE
PRESENT AT DISCHARGES OF 5, 10, AND 20 CFS FOR SITE
8E. EACH HABITAT NICHE IS REPRESENTED BY THE COLOR
IMMEDIATELY ADJACENT THE NUMBER/DESCRIPTION IN THE
LEGEND. FOR EXAMPLE, NICHE 6 = MAGENTA, NICHE 5 =
BLUE, NICHE 1 = LIGHT YELLOW, ETC.
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SITE 8E
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SITE 8E

IMAGE 3.7. ADULT BROWN TROUT - WEIGHTED USABLE AREA (SITE 8E).
THE IMAGES BELOW VISUALLY DEPICT SUITABLE HABITAT
AVAILABLE TO ADULT BROWN TROUT AT DISCHARGES OF 5,
10, AND 20 CcFS. THE BEST HABITAT IS REPRESENTED BY
SUITABILITY OF 1.0 (BLUE) AND NO HABITAT IS REPRESENTED
BY O (RED).
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SITE 8E

3.1.3.3 WADING (FISHING)
The WUA'’s calculated for Reach 8e represent the total amount of suitable wading/fishing “habitat™ (area)
per 1,000 ft of stream. Figure 3.25 shows the WUA (t2/1,000 ft) for fishing/wading recreational activities.
t the modeled flows (1-20 cfs), >5,000 t2/1,000ft of fishing/wading area is provided for recreationists.
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3.6 SITE 7

3.6.1 AQUATIC HABITAT - SITE 7

3.6.1.1 HABITAT NICHE MODELING

A habitat niche approach was used along with individual species/life stage HSI curves for assessing suitable
habitat for Site 7. To represent habitat in entire river reaches, Site 7 results from the channel reach-scale
habitat mapping were extrapolated to all of Reach 7. As discussed in the methods, some interpretative
caution should be used when viewing the results from either the intensive study sites alone or the
extrapolated (reach) results. Due to the similarity in trends between the individual site (7) and the
extrapolated reach, the results for the entire Reach 7 are discussed below.

Each WUA value calculated for Reach 7 represents the total amount of suitable habitat per 1,000 linear
feet of stream. Figure 3.26 shows the WUA (ft*/1,000ft) for each niche per respective flow. The

backwater/edge habitat (niche 1) is used by a majority of native fish species and larval stages of many fish.

At 10 cfs, greater than 14,000£t*/1,0001t ofniche 1 habitat exists; it decreases rapidly (< 2,700£t%/1,0001t)

near 100 cfs. WUA for niche 1 remains below 2,500£t?/1,000ft for all flows above 150cfs. Routine

fisheries data from UDWR and BYU fisheries assessments confirm that only rarely are native fishes
collected in confined reaches inthe Provo River. The slow/shallow habitat (niche 2) supports many juvenile

and YOY species. The WUA for this niche peaks at approximately 25 cfs with greater than
21,000ft>/1,000ft and declines gradually at higher flows. Niches 2 (slow/shallow) and 3

(moderate/shallow) overlap in supporting larval and juvenile life stages for certain species, but niche 3 is

broader and includes certain adult species. Unlike many of the downstream reaches, availability of niche

3 habitat inreach 7 does not closely mirror that of niche 5 (moderate/mid-depth); there is substantially more
niche 5 habitat present at all discharges. The trend of niche availability is similar between the two

categories, with a peak around 150 - 200 cfs and gradual decrease at higher flows, but the substantially
higher values for niche 5 favors larger sportfish, including all trout and mountain whitefish adults and
juveniles. Niche 3 provides suitable habitat for juvenile, fry, and spawning trout. In Reach 7, flows ranging
from approximately 40 to 500 cfs provide over 10,000ft%/1,000ft of niche 5 habitat. The fast/shallow
habitat (niche 4), which provides suitable habitat for mountain sucker adults and mottled sculpin adults and
Juveniles, is relatively limited in Reach 7 with WUA increasing steadily with increasing flows to a peak of
slightly over 2,300ft?/1,0001t at approximately 900 cfs. The only species/lifestage documented in niche 6
habitat (fast/mid-depth) is the adult mountain sucker. As in most downstream sites, niche 6 habitat is the

most abundant type, at higher discharges; niche 6 habitat increases dramatically to approximately
30,000£t%/1,000ft at 500 cfs and a peak of >35,000ft?>/1,000ft. Niche 7 (moderate/deep) habitat is

relatively abundant in Reach 7 (peak >4,000£t*/1,000ft) compared with other reaches; this habitat is
preferred by adult mountain whitefish and adult Utah sucker. Although the fast/deep habitat (niche 8) does
not directly relate to any fish species, it is included to describe how the habitat changes as flows increase;
niche 8 increases steadily above 300 cfs to >28,000ft%/1,000ft of WUA at 1,500 cfs.
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FIGURE 3.26. REACH 7: HABITAT NICHES - WUA vs. FLOw.

As evident in Image 3.8 and Figure 3.26, there is only approximately 2,600£t?/1,000ft of niche 1 habitat
at 100 cfs, while niche 2, 3, and 5 habitat each maintain over 10,000£t%/1,000ft. At 500 cfs, niche 6
dominates (approx. 35,000£t*/1,0001t); but a relatively even distribution exists among the other niche types
(niche 5 is approx. 12,000£t%/1,000ft; niches 2, 3, and 8 are approx. 5,000£t*/1,0001t; and niches 1, 4, and
7 are near 2,000£t*/1,000ft). Overall, the results of the habitat niche modeling at this site suggest that a
relatively wide-range of habitat diversity is present in this reach (at flows below 400 cfs) despite
channelization. At low flows (<40 cfs) a substantial amount of niches 1 and 2 exists, and while the niche
1 habitat decreases rapidly with increasing discharge, niche 2 habitat decreases more moderately. With
this range ofhabitat diversity, a fishcommunity that includes both natives and sportfishmight be maintained;
however, the abundance of brown trout and potential threat of predation may have an influence on the
presence and/or abundance of some of those species in this reach.
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IMAGE 3.8. HABITAT NICHES - WEIGHTED USABLE AREA (SITE 7). THE IMAGES BELOW DEPICT HABITAT NICHES THAT ARE PRESENT AT DISCHARGES oOF 100, 150, 200, 300, 400,
500, 700, 1100, AND 1500 cuBIC FEET PER SECOND. HABITAT NICHES ARE REPRESENTED BY THE COLORS REPRESENTED THE LEGEND.
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3.6.1.2 HSI CURVE MODELING

Individual HSI curves for brown trout and “all trout” reveal similar trends compared with those for niche
5. Figure 3.27 shows the WUA (fi*/1,000ft) for each trout species/lifestage per respective flow. The
brown trout adult curve was used to assess habitat availability for all trout species; over 15,000£t%/1,000ft
ofadult trout WUA is present between approximately 25 and 400 cfs. The juvenile “all trout” and brown
trout curves reveal a similar trend with the highest total between 25 and 400 cfs. As witnessed in all
reaches, the results of the two juvenile categories differ slightly.
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FIGURE 3.27. REACH 7: ADULT BROWN TROUT - WUA vs. FLaw.

As displayed in Image 3.9, the upper- and lower-most sections of this site provide excellent (blue) adult
brown trout habitat with an abundance (nearly 19,000£t?/1,000ft) of WUA present throughout the site at
100 cfs. The majority of the main channel is not suitable at 500 cfs with WUA reduced by one half.
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IMAGE 3.9. HABITAT NICHES - WEIGHTED USABLE AREA (SITE 7). THE IMAGES BELOW DEPICT HABITAT NICHES THAT ARE PRESENT AT DISCHARGES oOF 100, 150, 200, 300, 400,
500, 700, 1100, AND 1500 cuBIC FEET PER SECOND. HABITAT NICHES ARE REPRESENTED BY THE COLORS REPRESENTED THE LEGEND.
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Figure 3.27 reveals that greater than 12,000ft?/1,0001t of habitat for fry is available at the peak of 40 cfs
with greater than 5,000t%/1,000ft available until approximately 400 cfs. This study documents that the
optimal range for fry habitat in Reach 7 is approximately 10 to 200 cfs. As flow increases above 100 cfs,
trout fry habitat is reduced. Model runs demonstrate that there is minimal habitat available for brown and
cutthroat trout spawning in Reach 7, but some habitat is available for rainbow trout (>5,0001t*/1,0001t)
between 70 and 300 cfs (Figure 3.28). The majority of trout in this reach were probably stocked directly
or migrated from other reaches, but some potential exists for a sustaining rainbow trout population in this
reach.
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3.6.2

WATER TEMPERATURE-

SITE 7

For this study, a thermistor was placed at Site 7 between April 25 and August 16, 2002. The following
mean temperatures were observed during the study period.

April (25 - 30)
May
June
July
August (1 - 16)

9.2°C

11.2°C
15.0°C
16.3°C
15.4°C

The temperature data gathered from the thermistor was compared to flow data from USGS Station
#10155500 (Provo River near Charleston) to assess thermal fluctuations relative to discharge variations
in the Provo River. Figure 3.29 shows the temperatures and flows recorded over the study period.
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Two hydrographic spikes (associated with study releases) occurred during the study period in which the
flow increased from just over 200 cfs to 1,100 cfs in about 3.5 hours on May 8 and then rose gradually
from 220 cfs to 1,400 cfs over a three-day period from 20-22 May. The descending limb of the
hydrograph for both events lasted three days. The first event dropped the mean water temperature from
10.5 to 7.7°C and the minimum temperature from 8.0 to 4.1°C. Similarly, the second spike in flow
dropped mean water temperature from 11.5 to 8.6°C and minimum temperature from 9.1 to 7.4°C. In
both instances, lower temperatures persisted for about three days. Daily water temperature fluctuation was
also lower during both events but remained above 2.5°C atalltimes, compared to 7.8°C on average during
the study. After the second event, flows were maintained near 200 cfs until June 6, then dropped to about
150 cfs and maintained around this level through the end of the study period. There was a general trend
of increasing maximum daily water temperatures from the beginning of the study period to a peak in the
middle of July, after that, maximum daily temperatures gradually decreased. The daily water temperature
fluctuation varied throughout the study period, but generally remained near the mean; no trend of increasing
or decreasing fluctuation was observed. The lowest water temperature measured during the period was
4.1°C - during the first flow increase - and the maximum was 21.6°C, which occurred on July 13.

As with the other reaches, temperature changes and diurnal fluctuations may be very important in
understanding the macroinvertebrate assemblages (see Macroinvertebrate Case Studies in the Discussion
section) and recruitment success of fishes in Reach 7 of the Provo River.

3.6.3 RECREATIONAL USABILITY-SITE 7

3.6.3.1 WADING/FISHING

The WUAs calculated for Reach 7 represent the total amount of suitable wading/fishing “habitat” (area)
per 1,000 ft of stream for the entire reach. Figure 3.30 shows the WUA (ft%/1,000 ft) for fishing/wading
recreational activities. At 70 cfs, approximately 43,000£t*/1,000ft of fishing/wading area is provided for
recreationists. At flows greater than approximately 400 cfs, usable wading area within this site declines to
below 25,000£t*/1,000ft.

3.6.49 SEDIMENT TRANSPORT - SITE 7

3.6.4.1 SAMPLING RESULTS

Bedload samples were collected during the 2002 and 2003 spring runoff. Very little bedload material
moved during the 2002 spring runoft at Bridge 7 and the materialin transport was dominated by sand-sized
particles at all sampled flows (Plate 3.3a). At 357 cfs, bedload was limited to fine-grained sand intermixed
with organic material (Figure 3.31a). At this flow, small and medium sized organic material became
entrained, thus loosening or freeing a small amount of sand that had been stored behind this semi-anchored
organic material. The same composition of sand intermixed with organic material was moving at 854 cfs.
The quantity of sand and organic material in transport increased significantly at this higher flow even though
there was still no gravel movement. Small gravel became mobile along with increased amounts of sand and
organic material at 1,342 cfs.
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FIGURE 3.30. REACH 7! FISHING - WUA vs. FLOw.

As with Site 8, Site 7 showed no obvious transition between phase I and phase II transport. The
magnitude and duration of high flows available for this study was limited in 2002 because of the drought
conditions (Figure 2.2). It would be necessary to sample bedload at Bridge 7 for a longer duration and
possibly at higher flows to observe shifts in bedload transport that indicate phase shifts and/or supply
limitations.

As with Site 8, we were able to sample bedload transport at Site 7 during the 2003 spring runoff. We
were fortunate enough to have slightly higher flows with a longer peak flow duration. The peak flows were
approximately 12% greater in 2003 (1,400 cfs instead of 1,250 cfs). More importantly, the duration of
peak flows were maintained 3 times longer in 2003 (3 days) compared to the sharp peak (1 day) and rapid
receding limb in 2002 (Figure 2.2). The 2003 hydrograph shows a more gradual receding limb as per
recommendations made by the Utah Reclamation Mitigation and Conservation Commission.

Bedload samples were collected at Site 7 during the 2"¢ and 3™ when flows were maintained near 1,400
cfs. As with 2002, the material in transport was dominated by sand-sized particles at the beginning of the
high flows. However, there was a transition of bedload materials from sand-dominated particles into a
mixture of sand- and gravel-sized particles which lasted until flows were dropped (Plate 3.3b and Figure
3.31b).
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PLATE 3.3A. PHOTOGRAPHS OF BEDLOAD SAMPLES COLLECTED AT BRIDGE
7 DURING 2002 SPRING RUNOFF.
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Site 7 Bedload Samples
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3%° DAYS OF 1,400 cFS PEAK FLOWS IN 2003.
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3.6.4.2 MODELING RESULTS

The streambed particle sizes at Site 7 are dominated by large-sized cobbles ranging from 64-256 mm in
diameter (Table 3.1). Even though this is a relatively flat section of the river (0.7% slope), there are very
few sand- and gravel-sized particles in the streambed at Site 7. In fact, less than 12% of the bed surface
is covered in particles smaller than 64 mm (Figure 3.7). Site 7 is relatively straight, highly channelized with
riprap banks. Mining of the smaller sized particles from the bed over the past 50 years (since
channelization) has apparently disrupted any sense of sediment flux equilibrium at Site 7.

Previous bedload calculations using the Meyer-Peter Mueller (1948) equation at Site 7 predicted no
bedload transport until flows exceeded 2,300 cfs based on the measured Ds, (108 mm). A hypothetical
smaller sized D, (70 mm) was originally used to accommodate modeling objectives using the Meyer-Peter
Mueller (1948) equation. As with Site 8, the Parker (1990) equation was found to be more accurate at
Site 7, and was therefore used to model bedload transport. One interesting detail is that the Parker (1990)
equation uses a lower dimensionless shear stress value in its computation, and therefore predicts bedload
transport at Site 7 for the actual Ds, at lower flows (shear stress) than the Meyer-Peter Mueller (1948)
equation. As a result, the measured Ds, was used to model bedload transport at Site 7.

The bedload rating curve for Site 7 is shown in Figure 3.31c. Due to relatively low channel slope and
coarsened bed, particles 108 mmin diameter are not predicted to begin moving until approximately 1,440
cfs. The channel is narrow yet somewhat flat (low water surface slope) through this site producing relatively
low shear stress values. These conditions keep the predicted transport rates low at Site 7. As shown in
Figure 3.31c¢, the modeled results do not fit well with the bedload samples collected near Site 7. This
discrepancy may be caused by some of the hydraulic dissimilarities between the two cross sections.
Although the entire area around Site 7 has been channelized, the bedload samples were collected at an
upstream bridge in a depositional zone above a diversion structure.

The suspended sediment rating curve for the Midway water quality monitoring site (Figure 3.9) was used
to model suspended sediment transport at Site 7. A comparison of Figures 3.31c¢ and 3.9 for Site 7
indicates that suspended sediment constitutes nearly 100 percent of the sediment load.

3.6.4.3 EFFECTIVE DISCHARGE RESULTS

Effective discharge calculations showa dominant range of flow between 1,800-2,000 cfs have transported
the greatest amount of bedload sediments at Site 7 over the previous 5 years (Figure 3.31d). Total loads
were predicted to be much smaller at Site 7 than Site 8 due to the relatively flat channel at Site 7. Flows
rarely exceed 2,000 cfs under the new “post Jordanelle” flow regime (Appendix C). Overall, effective
discharge calculations at Site 7 probably reflect channel size and substrate characteristics that formed prior
to construction of Jordanelle Dam. Because the bed is mostly immobile at Site 7, the channel will likely
adjust (narrow) slowly from the reduced peak flows under the post Jordanelle flow regime, and effective
discharge will likely decrease over time.
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3.6.4.4 SEDIGRAPH RESULTS

A comparison of sediment transport, in terms of timing, magnitude and duration was made between two
alternative flow regimes for Site 7 (Figure 3.32). Equations shown in Figures 3.9 and 3.31c defining the
suspended sediment and bedload rating curves, respectively, were applied to post Jordanelle average daily
flows (water years 1997 to 2001) for the “unregulated” (Hailstone) and regulated (Midway) gauges (see
Appendix C for details). The results of this analysis show that daily sediment loads have been dominated
by suspended sediment at Site 7 with only small spikes of bedload transport during the peak of spring
runoff. Further analysis show that bedload transport does not occur every year at Site 7, and on average
only lasts for a single day.
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The rising limb of peak sediment transport occur much later at Site 7 than Hailstone. As with Site 8, daily
sediment transport rates are much lower at Site 7 during the majority of spring runoff except the very tail
end (July 1-15) when suspended sediment loads remain relatively high. It is apparent that channel
maintenance flows (high sediment transport rates) at Site 7 have been reduced significantly, with peak daily
sediment loads reduced from 465 tons/day to just 175 tons/day.

Flow duration curves (Figure 3.12) were used to calculate total annual sediment loads for Site 7 based on
the regulated (Midway) and unregulated (Hailstone) flow regimes. The total annual sediment load for Site
715 3,976 tons. However, the total annual sediment load using the unregulated flow data is approximately
12,027 tons (over 3 times greater than Site 7). This differential reflects the recent drop in peak flows at
Site 7 since the construction of Jordanelle Dam. It is fortunate that the channelized portions ofthe Middle
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Provo River will be reconstructed and restored to establish a dynamic equilibrium with the new regulated
flow regime.

The balance between bedload and suspended sediment varies significantly between the two flow regimes.
Although suspended sediment makes up the majority of the annual sediment load under both regimes, the
proportion of bedload compared to suspended sediment load is much higher using the unregulated flow
regime (8.578%) than the regulated flow regime (0.003%). Peak flows simply do not get high enough
below Jordanelle Dam since 1997.

3.6.5 RIPARIAN VEGETATION - SITE 7

A detailed riparian recruitment model was not developed for Site 7. Therefore, a more qualitative
approach was used to assess the potential for cottonwood recruitment at Site 7 based on general criteria
for recruitment success. Successful recruitment of cottonwoods requires a specific combination and
sequence of fluvial surfaces and hydrologic patterns. Seed-based reproduction requires that the following
general conditions be met (Scott et al. 1993):

1. presence of a bare surface with freshly-deposited sediments at the time of seed dispersal

2. transport and deposition of seeds onto the surface

3. post-germination decline in water levels at a rate slow enough that seedlings do not dessicate
4. absence of post-germination floods that would scour seedlings

Unlike Site 8, Site 7 is constrained by levees built to protect farmland on both sides of the river. Although
channel straightening and the presence of the levees has limited the ability of the channel to meander and
develop bars and floodplain surfaces, the low-flow channel within Site 7 does meander slightly, and
vegetated floodplain areas are present on the insides of the bends on river right (facing downstream) at the
downstream end of'the site and on river left in the middle portion ofthe site (Map 3.2). On the outer sides
of these bends, banks are tall and steep, and rip rap has typically been placed to protect the streambank
(Plate 3.4). On both sides of the stream the area beyond the top of the banks/levees consists of pasture
land.

3.6.5.1 TRANSECT RESULTS

Within Site 7, three transects spanning riparian establishment surfaces were selected to evaluate the
relationships between streamflow and riparian characteristics (Map 3.2). These transects are plotted in
Figure 3.33 along with the range of flows that inundate the different establishment surfaces.
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PLATE 3.4. PHOTOS OF SITE 7 RIPARIAN SURFACES. (A) AND (B):
UPSTREAM VIEWS OF SURFACES CROSSED BY TRANSECT 1;
(C): VIEW OF FLOODPLAIN ON RIVER LEFT CROSSED BY
TRANSECT 2; (D): DOWNSTREAM VIEW OF SURFACES CROSSED
BY TRANSECT 3.

The left boundary of Transect 1 consists ofa steep levee occupied by mature cottonwood trees and grass.
Transect 1 then crosses a grass floodplain surface and grass-covered mid-channel bar/island feature (Plate
3.4, Figure 3.33). The steep right bank at Transect 1 is occupied by shrub vegetation (willows). Significant
inundation of the mid-channel island surface occurs at flows of 900 cfs, and the island is completely
inundated by flows of 1,100 cfs and greater. Water stage at the highest modeled flow of 1,500 cfs is not
high enough to inundate the grass floodplain area present on river left (Figure 3.33); however, higher flows
onthe order ofthe 10-year flood (estimated at 2,086 cfs, see Appendix C) would most likely inundate the
lower portions of the floodplain surface. The upper portion of the floodplain and the forested levee are
unlikely to be inundated under the current hydrologic regime since the maximum potential Jordanelle Dam
release is 2,500 cfs (70 cms) (Stromberg et al. 1999).
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Transect 2 crosses the same forested levee and river-left floodplain surface as Transect 1, but at a wider
location (Map 3.2, Plate 3.4). The right bank at Transect 2 is steep and leveed and consists of rip rap and
sparse willows. As with Transect 1, no vegetation is present on surfaces lower than the 150 cfs flow level.
Based on analysis of flow data at the Midway gage, flows of 150 cfs are equaled or exceeded 45% of the
time. However, because Site 7 is downstream from the Midway gage (Map 1.3) and gains flow from
groundwater and tributary inputs below the gage, the actual duration of the 150 cfs flow level may be
somewhat higher.

A break in slope is evident at the 500 cfs flow level at Transect 2 (Figure 3.33). Based on the Midway
gage data, flows of 500 cfs are equaled or exceeded 8% ofthe time. Based on peak flow analysis, the 1-
year flood at the Midway gage is 589 cfs (Appendix C). Although no change in vegetation composition
occurs at this flow level, the break in slope is geomorphically indicative of a frequent/ “ordinary’ high flow
level.

The highest modeled flow of 1,500 cfs partially inundates the river left floodplain surface at Transect 2
(Figure 3.33). As with Transect 1, it appears that even maximum Jordanelle flow releases of 2,500 cfs
would not completely inundate the full width ofthe floodplain. Prior to dam construction, however, the full
width of the floodplain was probably inundated on a relatively regular basis: the 2-year flood at the
Hailstone gage, which s not affected by dams, is 3,208 cfs, and the 10 year flood is 3,835 cfs (Appendix
C). Under the post-Jordanelle Dam hydrologic regime at Site 7, the upper portion of the floodplain surface
now functions as an inactive terrace, and the lateral extent of the active floodplain has narrowed. The
reduced magnitude of infrequent flood events may ultimately lead to changes in riparian vegetation patterns
at Site 7.

Transect 3, located near the downstream end of Site 7, crosses a grass floodplain surface on river right
(Plate 3.4). The right boundary of Transect 3 consists of a levee occupied by mature cottonwood trees
and willows, and on river left the bank is steep, leveed, and rip-rapped. As with the other transects,
vegetation at Transect 3 extends down to the 150 cfs flow level (Figure 3.33). As with Transect 2, a break
in slope is evident at the 500 cfs flow level at Transect 3, suggesting that this is a common high flow level.
Grass vegetation is present both above and below this break in slope.

A topographically low area within the river right floodplain is present just downstream from Transect 3
(Map 3.2). This area begins to be inundated by backwater from the main channel at flows of
approximately 900 cfs and higher, and the backwater extends up to the area crossed by Transect 3 at flows
of 1,100 cfs and greater (Figure 3.33). Therefore, although the floodplain at Transect 3 is not completely
overtopped at the highest modeled flow of 1,500 cfs, much of the surface is inundated due to the
downstream backwater. Flows on the order of the 10-year flood (2,086 cfs) would likely be sufficient to
overtop the high point (at about 90 foot distance in Figure 3.33) of the river right floodplain surface at this
location; however, these flows would probably not be high enough to extend all the way to the forested
levee on far river right. Therefore, as with the river left floodplain crossed by Transects 1 and 2, the upper
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portion of the Transect 3 floodplain has become an inactive terrace under the post-Jordanelle Dam
hydrologic regime.

3.6.5.2 COTTONWOOD RECRUITMENT POTENTIAL

Several fluvial surfaces are present within Site 7 that could serve as potential cottonwood recruitment sites;
however, these sites are relatively limited in extent. At Transect 1, the grass-covered island is inundated
by regularly-occurring high flows, and therefore deposition of fresh sediments that would provide
germination substrate is possible. The presence of the left side channel, where water remains at a higher
stage than in the main channel, would help prevent dessication of any seedlings that establish on the island.
At a maximum recessionrate of 0.016 ft/day, flows would need to recede gradually from 900 cfs (the flow
level at which the island is almost entirely inundated) to 150 cfs over a period of 31 days. Although 2002
flows at the Midway gage dropped from 1,060 cfs to 128 cfs in only 18 days, 31 days would not be an
unrealistically-long recession period, especially in wetter water years. Therefore, it appears that the island
surface at Transect 1 would potentially meet recruitment requirements 1 through 3 (listed above in Section
3.1.5.2 of this report). However, it may be difficult to meet requirement 4 on this surface, because any
seedlings that establish would be susceptible to scour by future floods. The 2-year flood event is 1,284
cfs (Appendix C), which is a flow level that inundates the island to a depth that may induce scour (Figure
3.33). This may account for the absence of newly-recruited cottonwoods on this surface.

The broad grassy floodplain surface on river left (crossed by both Transects 1 and 2) also provides a
potential cottonwood recruitment surface. At Transect 2, a portion of this surface about 25 feet wide is
inundated at the 1,500 cfs flow level (Figure 3.33), providing a potential location for sediment
deposition/provision of germination substrate (meeting recruitment requirement 1). The existing mature
cottonwoods present along the levees at Site 7 should provide an adequate seed supply for dispersal by
wind and water (meeting recruitment requirement 2). However, any seedlings that were to establish on the
floodplain would be subject to dessication. To meet the 0.016 ft/day threshold (requirement 3), flows at
Transect 2 would have to gradually decline from 1,100 cfs to 150 cfs over 146 days. Under current dam
operations, it is unlikely that flows would ever recede this slowly, except perhaps during an unusually wet
year. A similarly long recession period would be needed to prevent dessication of any seedlings that were
to establish on the river right floodplain surface in the vicinity of Transect 3.
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3.7 SITE 7A

3.7.1 AQUATIC HABITAT - SITE 7A

Site 7a was a cascading stretch of the river that was not practical for modeling. Therefore this stretch was
represented by four cross sections and point velocity and depth measurements were taken as described
in Section 2.0. Measurements at all four cross sections were only feasible (due to extremely swift current
and dangerous sampling conditions at higher flows) at the lowest measured flow (192 cfs). At 362 cfs,
measurements were conducted at cross sections 3 and 4, and at 902 cfs only cross sections 1 and 2 were
measured. The ability for the sampling crew to take measurements at only certain cross sections at certain
flows helps illustrate the dynamic nature of this reach in which cascades and pools shift laterally as well as
longitudinally as flows increase.

As only two cross sections were available for any given flow, conducting a graph comparing habitat
changes relative to flow was not practical. Additionally, as the habitat niche calculations revealed a
dominance of higher flow habitat as expected, an evaluation of the percentages of brown trout habitat was
conducted across each transect relative to each flowinwhichmeasurements were recorded. The following
percentages of suitable habitat across the cross section for adult and juvenile brown trout are presented
below.

Flow (cfs)

192 362 902
Brown Trout Notes:
(Adult) Percentage suitable habitat
XSect 1 21% 29% more wetted area at higher flow
XSect 2 43% 30% assume equal wetted area - too fast to complete cross section
XSect 3 15% 33% same wetted area
XSect 4 8% 7% more wetted area at higher flow
(Juvenile)
XSect 1 26% 26% more wetted area at higher flow
XSect 2 35% 27% assume equal wetted area - too fast to complete cross section
XSect 3 20% 43% same wetted area
XSect 4 11% 20% more wetted area at higher flow
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An evaluation of the trout habitat percentages and/or the niche results both confirm that habitat in this
cascading reach shifts with respect to flow, and thus increases versus decreases in habitat are difficult to
calculate. For the flow range examined it appears that between 7 and 43% of suitable brown trout habitat
may occur any given flow.As the slower velocity habitat (niches 1, 2, and 3) virtually disappeared at the
second measured flow, unless overbanking occurred and additional backwater areas were inundated, none
of'the these niches would be represented at higher flows. The moderate/mid-depth habitat niche and brown
trout results showed virtually no change with flows in the sampled range. This re-enforces the complex
nature of cascading reaches in that as flows increase, pocket water areas shift around and thus the same
amount of moderate/shallow habitat is possible at 902 cfs as was present at approximately 192 cfs. The
effects of greater flows on these shifting habitat types are unknown, but one might speculate that this shifting
habitat function would only hold true to some critical flow at which habitat would start to decline.
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4.0 DISCUSSION

4.1 Aquatic Habitat: Study Area
Comparison

4.1.1 Reach Comparison

Figures 4.1 through 4.3 display the WUA per flow for select habitat niches, adult trout, and recrestion
(fishing) per each modeled study reach. Habitat niches 1 (backwater/edge) and 5 (moderate/mid-depth)
were most interesting because they represent the greatest disparity in reach results. Although each niche
differed in the amount of avallable habitat, the Niche 1 results were very smilar to Niche 2 (dow/shallow)
and the Niche 5 results were very smilar to Niche 3, thus niches 2 and 3 were not displayed. Niches4
(fast/shdlow), 6 (fast/mid-depth), 7 (moderate/deep) and 8 (fast/deep) displayed smilar patterns between
reaches in habitat availability with flow changes. Reach 8 represented the restored sections of the Middle
Provo River and was modeed up to 2,000 cfs while Reach 7 represented the channelized portionof this
stretch and was modeled to 1,500 cfs. The availability of certain habitat types in the restored ste
compared to the channdlized Ste was evident with more Niche 1 habitat available at lower flows,
maintenance of this habitat type withhigher flows, and cons stently higher availability throughout dl modeled
flows (Figure 4.1). As evident throughout the Provo River, confined reaches quickly lose low
velocity/shdlow habitat as flows increase; thistype of habitat generdly exists dong channd margins and
high-gradient dopes in confined reacheswhichprevents laterd movement of this habitat type. Niche5is
very important habitat for the mgor sportfish in the Provo River. Niche 5 habitat is aso more abundant in
Reach 8, as greater habitat complexity results in apeak in habitat at a greater flow (300 versus 200 cfs,
repectively) thaninthe channdized reach (Figure 4.1). At the respective peaks, reaches8 and 7 maintain
approximately 46,000 and 22,000ft%/1,000ft. Reach 8 supports approximately 2 times (or more) of the
avalable useable trout habitat within the main channd than Reach 7 under any given flowlevd. Additiond
habitat outside of the main channd is dso available within the side channds of Reach 8. The additiond
habitat available in each Sde channd isfurther discussed in Section 4.1.2.

Because trends for each trout life stage are amilar and generdly vary only in the amount of total WUA
predicted, only results for the adult trout habitat available is presented. As expected, a trend Smilar to
Niche 5 is observed with apeak in habitat occurring a a greater flow and an overdl greater amount of
available habitat in Reach 8. Reach 7 provides smilar amounts of trout habitat compared with confined
reaches below Deer Creek Reservoir (see Olsenet d, 2002). Reach 8 providesagreater amount of trout
habitat thaneven the diverse habitat at Site 6 below Deer Creek Reservair. It appearsthat therestoration
effort has effectivey restored habitat for the fisheries in the Provo River. In addition, the amount of
wadesbleffishingareaisal so considerably greater inReach8 (nearly 70,000ft%/1,000ft) compared to Reach
7 (43,000ft%/1,000ft) (Figure4.3). Higher amountsof WUA for fishing are observed for al modded flows.
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Figure 4.3. Reach Comparisons: Fishing - WUA vs. Flow.

In summary, the habitat niche approach and individua species/fishing modding demondrate that the
confined reachfrom Jordanelle Reservoir to Deer Creek Reservoir mantainslimitedd ower velocity habitat
as flow increases and moderate velocity habitat decreases as flows exceed several hundred cfs.
Additiondly, the modeled results demondtrate the ability of acomplex reach (i.e., Reach 8) to maintain
greater habitat divergaty (more niches, more suitable habitat, more fishing ares) a al flows compared with
a confined reach.

4.1.2 Sites 8b, 8c, and 8e (Side Channels)
Assessment

Figures 4.4 through 4.6 display the WUA per flow for select habitat niches, adult trout, and recreation
(fishing) for Stes8b, 8c, and 8e. For reference purposes, Site 8b is an intermittent rock ditch that was
modeled from 9 to 21 cfs; Site 8c is a cutoff channd that was modeled from 2 to 85 cfs, and Ste 8eisa
narrow meandering channd that was modeled from 1-20 cfs. These Stes generdly have much less tota
habitat compared to main stem sites because of their size, but al WUA'’ swere compared onaft? per 1,000
linear ft of stream basis by extrapolating from the actual distance modeled up to 1,000 ft (e.g., 200ft
modded x 5 = 1,000ft). Habitat niches 2 (dow/shalow) and 5 (moderate/mid-depth) were most
interesting because they represent the greatest disparity ingte results. Although each niche differed in the
amount of available habitat, the Niche 2 results were very amilar to Niche 1 (backwater/edge) and the
Niche 5 results were very smilar to Niche 3, thus niches 1 and 3 were not displayed. Niches 4
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Figure 4.6. Sites 8Db, 8c, and 8e: Fishing - WUA vs. Flow.

(fast/shdlow), 6 (fast/mid-depth), 7 (moderate/deep) and 8 (fast/deep) displayed smilar patterns between
gtesin habitat availability with flow changes

Asevident in Figure 4.4, Site 8b maintains the greatest amount of Niche 2 habitat and the least amount of
Niche 5 habitat for the modded flows, which increases the probability that this site will maintain native
species. Site 8c maintains the second greatest amount of Niche 2 habitat with over 11,000ft%/1,000ft
between 7 and 20 cfs, but Niche 5 habitat gradudly increases with flow at Site 8c and surpasses the
amount of Niche 2 habitat at gpproximately 75 cfs. This is important because as adult trout habitat
increasesit reduces the likelihood that certain species/life stageswill use the remaining Niche 2 habitat. Site
8emaintains very little Niche 2 and Niche 5 habitat at dl flowsbut hasdightly more Niche 2 at lower flows
and dightly more Niche 5 a higher flows (Figure 4.4).

Because the trends for each trout life tage are amilar and generdly vary only in the amount of totd WUA
predicted, only resultsfor adult trout habitat available is presented. As expected, atrend smilar to Niche
5isobserved withadult trout habitat for dl sites. Sites 8b and 8c both peak near 21cfswith gpproximately
6,800ft/1,000ft adult trout habitat; after which Site 8b isnot modeled at higher flowsand Site 8c stahilizes
for the remaining modeled flows (Figure 4.5).
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In streams/rivers where predatory species (in this case brown trout) are dominant, the tendency is for
potentia prey to occupy areasthat are lessfavorable for the predatory species, but not necessarily optimal
for the prey. In addition, smal pockets of suitable habitat for the prey species may exis, but are often
surrounded by trout habitat. Thus, modeling habitat availability may suggest that habitat isavailablein some
areas, but biologicd interactions prevent its use. In the Provo River, the areas that provide the greatest
potentia for the surviva of many native fishes (potential prey species) appearsto be these amdl off channel
or backwater areas away from the main channd where habitat for adult trout is limited mogt of thetime.
Because Site 8b maintains afair amount of Niche 2 habitat withminimal Niche 5 or brown trout habitat at
lower flowsit is an excdlent candidate for sustaining populations of native species. Maintaining 10 cfsin
the rock ditch (Site 8b) might support this habitat as a refuge for prey species. The modd results for
Reach 8 suggest that a 10 cfs transfer fromthe main channel to augment Site 8b would have no impact on
the reach a the current minimum flow requirements.  Site 8c aso appearsto be avauableresource at the
lower flows (less than 15 cfs), but is overtaken by suitable brown trout habitat as flowsincrease. Site 8e
may a so provide some habitat for native species at the lower range of flows. Theahility of juvenilebrown
trout to use habitats with shalow depths and lower flows potentidly impedes the sustainability of ntive
fishes even in habitat such as this, which under non-predatory conditions and/or without inter- species
competitionwould beidea for many native species. However, in the absence of brown trout extirpation,
maintaining flows suitable for netive fishesinthese and other side channd areas, while limiting suitability for
brown trout, may provide the best opportunity for the re-establishment or sustainability of native fishes.

Although the preference for fishing will likely be in the main channd reaches because of the abundance of
sportfish habitat, Sites 8b and 8c provide greater than 25,000ft2/1,000ft WUA for fishing at most flows.
Site 8e shows limited fishing area, however the channe is narrow enough in places to cross over without
wading.

4.1.3 Sites 8d and 7a Assessment

Sites 8d and 7a provide unique habitat features in this section of the Provo River. The backwater/edge
habitat provided by the beaver damcomplex at Site 8d may be extremely vauable for native fishes, ance
it isnot suitable for adult brown trout at most flows and is limited for juvenile brown trout suitability. Site
Taisacascading stretch of river that provides suitable trout habitat that shiftswithflow. Theshifting nature
of pocketwater and cascades is evident by the results of the point velocity measurements described in
Section 3.0. As both features are unique to this section of river, efforts should be made to maintain both.
Thefind objectivesfor the restoration efforts of the Middle Provo River (i.e. whether it be to re-establish
native fish populations, increase fishing opportunities, or some combination), will dictate the importance of
habitat features such as the beaver dam complex a Site 8d or the cascading habitat present a Site 7a.
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4.1.4 Aquatic Habitat Flow Assessment

The modding results confirm that the restoration effort has effectively restored habitat inthe Middle Provo
River as the amount and divergty of habitat is greater compared with al other modeled reaches. The
minmumflow requirement (125 cfs) for the Middle Provo River gppearsto provide a diversity of habitat
within both the main stemand associated Sde channdls. Asflowsincrease in both the main slem and Sde
channds, the amount of native fish habitat decreases while brown trout habitat increases up to
gpproximately 200 cfs, when adecline inboth are experienced. In contrast to the grester amount of native
fish habitat at lower flows, the amount of fishing area (wadable area) peaks around 150-200 cfs which
corresponds well with flows that optimize brown trout habitat throughout the Middle Provo River.

Habitat modding results demondirate the benefits provided to trout and netive fishes by maintaining flow
inthe various 9de channds a dl discharges, even during the 125 cfs minimum flow. For example, Figure
3.1 shows aNiche 5 habitat decrease of about 3,000 t%/1,000 ft when main channel flows are reduced
from 125 cfsto 110 cfs. However, diverting this 15 cfs into sSide channels 8c and 8e (see Table 2.5 for
side channd discharges a various flow levels) would produce more than 15,000 ft2/1,000 ft of Niche 5
habitat as shown in Figures 3.18, and 3.22, morethan compensating for the main channd losses. Aswith
Niche 1 habitat, Figure3.1 showsanincrease of approximately 1,000 ft%/1,000 ft whenmain channel flows
are reduced from 125 cfsto 100 cfs. The 25 cfs diverted into Side channels 8c and 8e, including 10 cfs
diverted into the Rock Ditch return ditch (8b), would add an additional 10,000 t%/1,000 ft of Niche 1
habitat for native fishes. Maintaining year-round flow in the Sde channds of Reach 8 provides awin-win
gtuation for both native and trout habitet.

Although the modding effort demongtrates an abundance of native fish habitat with the current minimum
flowdigtributionand hasrevea ed some vauable contributions of the restoration effort, therearesome areas
that remain to be consdered. The modd suggests limited habitat availability for adult brown trout in the
dde channdsat dl flow levels and considerably less habitat for juvenile brown trout than for native fishes
a low flow levds. Thisis theoretically a favorable stuation for native fishes, but the fact that the model
does show suitability for juvenile trout habitat in al of the above areas (mainand side channels) under most
flowsmay not provide conditions necessary for native speciesto re-establishdue to predation. Biologica
data collected by Dr. Mark Belk (BY U) has documented that a large amount of good native fish habitat
was present upon completion of the restoration effort and that there wasastrong influx of netive species.
However, within two years, young-of-year and juvenile brown trout dominated population estimates in
these areas (Bek pers. comm. 2003). The model corresponds well with these field observations; it
suggests that providing flow to and/or creating additiond side channd areas would provide native fishes
a refuge from adult brown trout, however, leaves native fish habitat vulnerable by documenting some
juvenile trout habitat. The highleves of recruitment for browntrout, or possibly the ability of juvenile brown
trout to out compete naive fishes in these side channel areas may outweigh mode predictions of less
juvenile brown trout habitat. According to Dr. Belk, the only areas that were ratively un-impacted by
brown trout during his surveys were areas with limited access to the main channd (i.e. ponds, wetlands,
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etc.). Therefore, in addition to the creation of Sde channdsfor refuge from adult brown trout, it may aso
be necessary to create habitat that only has one or limited connectionto the main stemof the river (i.e. smdl
stream merging into awetland/small pond). The reduced access to the main channd would likdy limit the
feagbility of preference for brown trout and potentidly enhance the opportunities for native fishes. A
compl ete eval uation of the restoration components should be conducted incorporating the modding results
presented herein and the find biologicd report by Dr. Belk.

One exiging habitat type among the various ones modeed within Reach 8 may provide an opportunity to
meet the above criteria by dtering the flow regime. Site 8b (the rock ditch) could be provided with a
continuous, stable flow of water. This would be beneficid because a the minimum flow levd,
goproximately 15 cfs flowsthrough side channds and the remaining 110 cfsin the main channd. Diverting
an additiona 10 cfs into this habitat type would enhance the benefits derived from a minimum flow
requirement and restored channel conditions by providing an additiond refuge to the native fish population
from adult brown trout without impacting habitat diversty in the main channd. Under this scenario, the
rock ditch would receive acontinuous discharge of only 10 cfs and maintain habitat for natives at dl times
and be particularly important a higher flows when native habitat is substantidly reduced in other aress. If
Site 8b could be dtered to provide only a limited connection with the main stem, the potentia for
decreasi ng inter-speci es competitionwithyoung-of-year and juvenile brown trout would also be possible,
which in turn could be extremey beneficid to the native fishes.

4.2 Macroinvertebrate - Streamflow
Relationships

Alterations to streamflow regimes have the potentid to affect the macroinvertebrate popul ations that serve
as a food base for riverine fisheries  As discussed in the Section 2 of this report, the existing
macroinvertebrate dataset on the Provo River isinadequateto alow development of a quantitative model
for usein predicting flow-related impacts to macroinvertebrates. Therefore, areview of case studieson
other rivers that have experienced flow aterationsis provided.

Research on areas below dams provides useful case studies of the impacts that atered flow regimes can
have on invertebrate communities. Fow regulation can result in reductions in the seasona and diurnd
temperature fluctuations, interruptions in the cyding of nutrients, food and sediment; and, dterations of
bedload movement that result in changes to channd form and substrate characteristics. Changesin the
seasonal timing of the flow and temperature regimes of a system can impact the life history characteristics
of individud species (Ward and Stanford 1979, Vannote and Sweeney 1980, Power et a. 1996). The
changesinlife history oftenresult inreductionsinspeciesdiversty (Ward 1974, Ward and Stanford 1979).
Dipteran and worm populations generaly see large increases in tailwater release areas, while mayfly,
sonefly, and other benthic orders are generdly significantly reduced.
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The flow regimes below dams are generdly dtered by lowering soring runoff and delivering higher flows
during the summer months. This ateration of the norma flow regime changesthe transport of nutrientsand
particulates, whichcan ater the amount and diversity of food items available. Anateration of thefood base
can change the bioenergetics of the sysem. Additiondly, changesin water velocity can impact channe
forming flows, whichstructurethe bedformand substrate compositionof the stream. Reducing spring pesk
flows can dter the maintenance of certain habitat types. More constant higher flows can lead to the
development of uniformsubstrates, whichreducesthe number of habitat nichesavailable. All of thisworks
to limit the diversty of habitat available for macroinvertebrates. Since macroinvertebrates are good
indicators of stream ecosystem hedth, as wdl as a vauable component of the food chan for fish
populations, it is important to understand the potentia ramifications of regulated flow changes on the
macroinvertebrate community. Below we summarizeinformation from two other river systems affected by
altered flow regimes - the Green River and the San Juan River - to provide examples of the potentia
impacts of such changes on macroinvertebrate communities.

4.2.1 Case Studies

4.2.1.1 Green River below Flaming Gorge

Haming Gorge Damwas completed onthe Green River in 1962 for flood control and hydroelectric power
generation. Prior to the completion of the dam, peak discharges exceeding 10,000 cfs (300 cms) were
often seen in the oring, and flows as low as 350 cfs (10 cms) were seen in the winter (Vinson 2001).
Water temperature ranged from 0-26°C, with mean summer temperatures around 18°C (Vinson 2001).
After dam closure, maximumflowswere decreased over 50%, whileminmumflowsweredoubled (Vinson
2001). Theflowsfluctuated with power demand, resulting inalossof thenatural climate-driven seasondity
of the flow regime. Additionally, the range of temperature dropped to 0-14°C and the warmest average
temperatures occurred inNovember at about 9°C (Vinson2001). In 1978, amulti-level water withdrawal
gtructure was completed to increase mean summer water temperatures and to try to provide a therma
regime closer to pre-dam conditions. Mean summer water temperatureswereincreased from6°C to 12°C,
and peak temperatures occurred in July versus November (Vinson 2001). The changes in flow and
temperature regime caused by the dam and its release schedule have resulted in changes to the
meacroinvertebrate community.

Vinson (2001) examined 50 years of macroinvertebrate data and 100 years of hydrologic data on the
Green River in the vicinity of Haming Gorge dam. He compared macroinvertebrate communitiesand flow
conditions at areas around and below the dam before the dam was in place, after the dam was finished,
and after modifications were made to the dam to increase summer water temperatures. Pre-dam
collections ranged from 175 km above the present dam location to 18 km below the dam. Post-dam
collections were grouped into collections made 0-18 kmbel ow the dam ( above alarge tributary), and 26-
27 km below the dam. The pre-dam community was very diverse and housed at least 30 species of
mayfly. Dendties were relatively low at about 1,000/m2, and 60-80% of the community was comprised
of mayfly taxa Followingthe closure of the dam, the area 0-18 km below the dam saw arapid increase
in the density of macroinvertebrates, dong with a dragtic decrease in the diversity of insects. Midges and
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blackflies dominated the community, and the number of mayfly taxa was reduced to one common taxa and
two raretaxa. Amphipods began to appear in the post-dam community after anumber of years, aswell.
After the thermal restoration, amphipods and midges dominated the community 0-18 km below the dam.
Densty fdl dightly and remained more consistent. Taxonomic richness remained aslow or lower than in
the yearsimmediatdy following dam closure.

The area 26-27 km below the dam saw amore gradua change in the invertebrate community. Dendties
rose dowly, and reached levels comparable to the reaches closer to the damafter the therma restoration.
Midgesand blackflies became morenumerous, but mayfliessiill comprised 37% of the organisms col lected.
Amphipods are present, but only in low numbers.

Vinson (2001) determined that the change in the temperature regime immediately after dam completion
played alarge role in diminating alarge number of taxa from the syssiem. The warmer winter and cooler
summer temperatures resulting from the dam operation both played a role in reducing species diversty.
Additiondly, he fdt that the limitations on downstream drift caused by the reservoir, and negative
interactions with invertebrates that established themselves in high dengties in the post-dam environment,
prevented some invertebrates fromrecolonizing the area bel ow the dam after the partia restoration of the
therma regime. He concluded that to reduce impacts to the diversity of the invertebrate community from
dam systems, it is necessary to retain a hydrologic and therma regime as Smilar as possible to the natura
riverine condition.

4.2.1.2 San Juan River below Navajo

Navao Reservoir began storage in June 1962 to provide water for the Navgo Irrigation Project, flood
control, glt abatement, power generation, and recreation (Holden et a. 1980, Stone et d. 1983). The
reservoir has dtered the flow and temperature regime of the river below the dam. The pre-operation
temperature regime varied between 0-25°C, with coolest temperatures in the winter and warmest
temperaturesinlate summer and early fal (Dubey 1996). The post-operationtemperature regime ranges
from 3-14°C. Post-operation summer temperaturesare colder and winter temperatures are warmer than
theorigina temperature regime (Dubey 1996). 1n 1992 the dam rel ease schedule was dtered in an attempt
to more closdy mimic the natural hydrograph for the benefit of native fish. However, thechangeinrelease
schedule has not resulted in a Sgnificant change in the temperature regime (Dubey 1996). The following
dudies offer alook a how modified flow regimes have impacted the benthic communities of the San Juan
River below Navgjo Dam.

Holdenet d. (1980) sampled the benthic and drift macroinvertebrate populations at 16 sations onthe San
Juan River below Navgjo Dam. Their stations ranged from just below the dam to amost 183 miles
downstream. Additionally, they used PHABSIM to devel op habitat suitability curvesfor three speciesand
determine the amount of available habitat for these species at three different flows scenarios: 300 cfs, 650
cfs, and 1200 cfs. They found that macroinvertebrate denstieswere highest at those Sations closest tothe
dam. Densties remained fairly high for about 16 miles below the dam, and then generaly decreased
moving downgtream. Conversdly, taxonomic diversity was lowest at the stations closest to the dam.
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Mayflies, stoneflies, and caddisflies comprised little if any of the macroinvertebrate populations at thar
daions 1-4, which extended from the base of the dam to approximatdy 13 miles downstream.
Conversdy, a large proportion of the benthic community was comprised of mayflies, stoneflies, and
caddidflies a ther gations 12-20, which extend from approximately 53 miles downstream to 183 miles
downgtream. They noted that studiesconducted beforethe dam’ scompl etion showed abenthic community
in the vicinity of the dam very smilar to what they found in the downstream aress.

Holden et a. (1980) aso created habitat suitability curves for three species commonly found during their
sudy, the mayfly Ephemerdlainermis, the caddisfly Hydropsyche sp., and the blackfly Smuliumsp. They
concludedthat based on the depth, velocitiesand substrate information collected at the different flowleves,
that impacts on the macroinvertebrate community would be minimd as long as flows remained between
300-1200 cfs. Within this range of flows, habitat that was taken away for certain species by higher
velocities was made avalable for other more rheophilic species. Additiondly, as the totd wetted area
increased, dower habitat that was|ost inthe main channd, was regained dong the margins. However, they
cautioned that the PHABSIM anadysis did not encompass other potentidly important variables, such as
temperature and turbidity that can also Structure macroinvertebrate communities. Temperature data
collected in this sudy showed that the warmer winter and cooler summer temperature regime, often seen
below dams, extended downstream for at least 13 milesbefore ar temperatures beganto return the water
to amore naturd therma regime. The area most influenced by this altered thermal regime had the most
impaired invertebrate community, aswel. Holden et d. (1980) aso concluded that temperature was the
water qudity variable most directly linked to flows, and that the greater the magnitude of flow rel ease, the
greater the downstream distance of thermal impact.

Dubey (1996) dso studied the San Juan River macroinvertebrate community below Navagjo Dam from
1994-1996, indudingan examinationof winter flow reductionsin 1996. He sampled 4 stesbelow Navgo
Dam at 10 week intervas, and aso sampled asteabove Nava o Resarvoir lessfrequently. Hefound that
the Stesclosest to the outlet of the reservoir had more dense, lessdiverse macroinvertebrate communities
The communitiesnear the base of the dam were dominated by midges, blackflies, and worms. Two mayfly
taxa, and no stonefly or caddisfly taxa were collected at the station closest to the dam.

Macroinvertebrate diversity seemed to improve on a gradient further downstream from the dam release.
At the downgtream-mogt site, 3 Sonefly taxa, 3 mayfly taxa, and 4 caddisfly taxa were captured.
However, the community diversity at dl downstream stations was still lower than the station sampled
upstreamof the reservoir. Dubey (1996) found 8 stonefly taxa, 6 mayfly taxa, and 5 caddisfly taxa above
the reservoir. Studies conducted inthe areaprior to dam construction aso showed a much more diverse
community. Dubey (1996) fdlt that the reduced temperature range, and cooler summer and warmer winter
temperatures caused by the deep dam releases were the main factor responsible for the change in the
meacroinvertebrate community.
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4.3 Water Quality - Streamflow
Relationships

Asreveded in the temperature data collected in the Middle Provo River (Figures 3.4 and 3.32 flow and
temperature graphs for 7 and 8), large releases of water from Jordanelle Reservoir dampen diurnal
temperature fluctuation in the water column and reduce the mean daily temperatures. Water temperature
and diurnd fluctuations increase with distance below Jordanelle Reservoir. Prolonged incressesin water
release and subsequent temperature dterations in the Provo River have the potentia to alter the
meacroinvertebrate communities. In particular, the seasondity of these releases (i.e., higher summer flow
and lower temperatures) cannegatively affect macroinvertebratelifecycles. Additiondly, thechanndlization
aong the Provo River limitsthe amount of dower habitat that can be created dong the margins whenhigher
flows are experienced. Quantification of such impacts would require a detailed study of the
macroinvertebrate assemblages of the Provo River under dtered flow regimes, and was outside of the
scope of this project.

4.4 Channel Geometry and Substrate
Characteristics: Study Area
Comparison

Hydraulic geometry characteristics at various flow levels and existing streambed particle size digtributions
of bedload modeling cross sections are shown in Table 4.1, Table 4.2, and Figure 4.7 for dl study Sites.

It is easy to contrast the hydraulic and geomorphic differences between the channelized (Site 7) and
unchannelized (Site 8) portions of the Middle Provo River. The riverine environment is much wider and
more morphologically complex within Site 8 where the channedl is free to adjust laterally to the ever-
changing water and sediment flux. The man channd itsdf is dso wider within Ste 8. For example, the
wetted width (width of flowing water) of Site 8 is 22-34 percent greater than Site 7, depending on flow
level. In additionto the main channd, hydraulically connected side-channd's are aso abundant throughout
Site 8, whereas dl flow is contained within the main channd a Site 7. Flow in the Site 8 Sde-channds
persst perennidly as with 8c, 8d and 8e; and contains about 10 percent of the total flow during low flow
(120 cfs), and about 20 percent of the tota flow during high flow (1,100). The active floodplain at Site
8 dso dlowsfor seasond overbank flows during spring runoff, including energy dispersa and deposition
of sediment and riparian seeds (see Section 4.5).

The hydraulic radius (i.e. water depth) is much greeter at Site 8 during low flow, yet becomes lower than
Site 7 asflowsapproach 1,000 cfs (Table 4.1). Therefore, dthoughwater depths are more shallow at Site
7 during low flow, they become deeper than Ste 8 during high flow. This reversal in hydraulic radius
between Sites 7 and 8 isanother result of the channdized vs unchanndlized conditions of the Middle Provo
River.
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Table 4.1. Hydraulic geometry characteristics of bedload
modeling cross sections for all sites between
Jordanelle Reservoir and Utah Lake. Cross section
locations for Sites 7 and 8 are shown on Maps 3.1

and 3.2.
Measurement Streamflow Site Site Site Site Site Site Site
(cfs) 1 2 3 5 6 7 8
Wetted Width 100 57 34 39 37 51 59 72
(FE) 500 61 45 48 59 59 65 87
1,000 75 53 56 63 70 67 90
1,500 80 54 59 68 71 72 91*
2,000 74 91*
Hydraulic 100 0.94 1.05 0.90 0.97 1.20 0.53 0.79
Radius 500 1.97 1.90 1.85 1.85 2.44 1.25 1.40
(fFt) 1,000 2.30 2.27 2.25 2.60 2.95 1.97 1.75
1,500 2.65 2.60 2.55 3.10 3.40 2.52 1.89*
2,000 3.07 2.03*
Channel 100 0.034 [ 0.063 | 0.047 |0.039]| 0.091 | 0.022 0.081
Roughness 500 0.027 | 0.045 | 0.037 [0.037|0.069 [0.024 | 0.051
(Manning’s “n”) 1,000 0.023 | 0.036 | 0.031 (0.035| 0.056 |0.027 | 0.037
1,500 0.021 [0.031 | 0.027 |0.033| 0.049 | 0.029 | 0.031*
2,000 0.031 | 0.025*
Average 100 1.95 2.70 2.76 2.90 1.42 3.74 1.80
Velocity 500 4.23 550 570 4.70 3.00 6.00 4.10
(Ft/s) 1,000 573 8.00 7.85 6.15 4.25 7.36 6.70
1,500 7.17 10.00 9.54 7.10 535 8.00 8.40*
2,000 8.50 10.25*
Shear Stress 100 0.12 0.76 0.50 0.36 | 0.45 0.23 0.64
(pst) 500 0.27 1.41 1.02 0.66 0.91 0.55 1.13
1,000 0.36 1.70 1.24 0.93 | 1.10 0.86 1.40
1,500 0.44 1.93 1.40 1.13 1.28 1.09 1.55*
2,000 1.34 1.62*
Water Surface
Slope 500 0.2 1.2 0.9 0.6 0.6 0.7 1.3
(%)

* = main channel only. WIinXSPRO results are specific to the main channel at the Bedload Modeling
Cross Section (Map 3.1). A comparison of modeling results across the entire floodplain at other
transects are provided in Section 4.5.

Channel roughness (Manning's n) is much higher a Site 8 during flows less than 2,000 cfs, probably
because of the “macro” roughness characteristics suchas pronounced bed forms (pools, bars, and riffles),
higher Snuosity, and grester diversity of bed materids in this restored reach. Site 8 follows a common
pattern of decreased roughness vaues as flows increase due to a diminished influence of skin friction.
Riparian vegetation dong the newly constructed channel has not yet matured, and therefore has a minimal
influence @& Site 8. The riparian vegetation and large organic debris will have a greater influence on high
flow roughness values a Site 8 over the next 5-10 years. The flow/roughness rdationship isreversed at
Site 7, showing higher roughness values as flows increase. It gppears that vegetation encroachment and
the presence of large organic debris sgnificantly influence channd roughness values a Site 7 as flows
exceed 100 cfs.
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Table 4.2. Existing streambed particle sizes (mm) for various
size fractions (D,4 through Dg,) of the cumulative
distribution curve as sampled along the bedload
modeling cross sections for all sites between
Jordanelle Reservoir and Utah Lake.

Site D¢ D5 Dso D75 Dg,
1 15 26 54 81 100
2 42 63 118 214 255
3 28 50 145 230 265
4 37 52 180 320 408
(S 35 42 88 130 158
6 22 40 104 260 310
7 73 81 108 130 145
8 16 33 70 128 168
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Figure 4.7. Streambed particle size distributions for all sites
between Jordanelle Reservoir and Utah Lake.
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Thecombined influence of channel roughnessand hydraulic radius areillustrated inthe average vel ocityand
shear dtress values, respectively, as shown in Table 4.1. Firgt, average velocitiesarerdatively high at Site
7 during low flow. The low roughness vaues during low flow & Site 7 dlow for rdaively fast moving
water across the entire channd.  As flow increases, Site 7 velocities increase at a relatively dow rate
because of the increasing roughnessvauesat higher flows. Thisdynamic contrastswith Site 8 where these
relationships occur in the opposite direction.

Second, shear dress vaues remain rdatively low a Site 7 until flowsexceed 1,500-2,000 cfs. Noticethe
amilaities between shear stress and hydraulic radius vdues a Site 7, showing dramatic increases only
during the highest flows. These resultswould explain some of the physical conditionswhy the bed remains
immohbile and why effective discharge does not occur until much higher flow & Site 7 as compared withthe
mobile bed a Site 8.

Another phys ca conditionaffectingbedl oad transport and effective discharge vauesinthe channdized and
unchannelized reaches of the Middle Provo River is the streambed particle dze didributions. The
cumulative digtributioncurvesfor Sites 7 and 8 are distinctively different (Figure4.7) producing contrasting
digtribution parameters (Table 3.1). Site 8 has rdlatively equa proportions of particles from dl sze
fractions whereas Site 7 has nearly dl cobble-sized particles. It is anticipated that bed coarsening and
channd degradation will eventudly occur in the restored reaches immediately downstream of Jordanelle
Dam. Further longitudinaly based andysis (i.e. size selective sediment budgets) would need to be
performed to determine the degree and extent of “gravel mining” below Jordandle Dam given dternative
flow regimes. The potentia for gravel mining, bed coarsening, and channel degradation to occur a Site
8 under the current flow regimeis likely as long as outgoing loads exceed incoming supplies.

4.4.1 Site 8 Bedload Calculations Under Various
Degrees of Channel Armoring

The fidd data used at Site 8 was collected only a couple years following channd construction. It is
unknown whether or not the channel and bed materias have completely adjusted to the current flow
regime. One foreseeable argument to the bedl oad transport results presented for Site 8 (Figure 3.8, 3.10
and 3.11) isthat the bed materid has not completely sorted, resulting inardatively smadl Dy, inthis recently
congtructed riffle. The concern with using an undersized Dy, (which is possible in an unsorted riffle) for
bedload transport calculationsis that it may overestimate transport rates.

Initia discussions with Tyler Allredand Mark Hol denof the Utah Reclamation Mitigationand Conservation
Commission prompted the need to further andyze bedload transport rates and effective discharge
cdculaions at Site 8 based on hypothetical adjustments in the median particle size. Hypothetica bedload
rating curves were produced at Site 8's bedload modeling cross section (Map 3.1) using larger sizesfor
the Ds, (from 70 to 100 mm), representing increasing degrees of bed coarsening and armoring at thisSite
(Figure4.8). Hypothetica effective discharge calculations were aso performed using the various degrees
of bed armoring (Figure 4.9).
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Figure 4.8. Hypothetical bedload rating curves for Site 8 based

on various degrees of bed armoring at the bedload
modeling cross section (Map 3.1). The top curve (Dg,
= 70 mm) is the actual measured Dg, for this riffle.
The bottom curve (D5 = 100 mm) represents the
maximum degree of armoring anticipated at this site.

Thisexercisedemongtratesjust how sengtive bedload transport caculations are to dight changesinthe Dx,
Figure 4.8 shows a gresat disparity of transport rates at 2,000 cfs withdifferent Szed Dy,. Total bedload
trangport shown in the effective discharge cdculations isvery sengtive to dight changes in the Dy, (Figure
4.9 and Table 4.3). Although the increment of flow that transports the most bedload sediment over time
isthe same for the different sized Dy, annua loads vary significantly. As described in Section 3.4, there
seems to be anabnormally low number of days during the 5 year period of record whereflowswereinthe
range of 1,400-1,800 cfs (Figure 3.10). We anticipate that this is an anomay over the recent period of
record and that this phenomenon will not occur over alonger time durationunlessflow operations dictate
its exigence.
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Figure 4.9. Hypothetical effective discharge calculations for
Site 8 based on various degrees of bed armoring at
the bedload modeling cross section (Map 3.1). The D 5,
= 90 mm bar is the same as shown in Figure 3.10. The
Dgo, = 100 mm bar represents the maximum degree of
armoring anticipated at this site.
Table 4.3. Total annual loads of bedload transport at Site 8
based on hypothetical adjustments to the D, at the
bedload modeling cross section (Map 3.1).
PARTICLE SIZE (mm)
D., = 70 D., = 80 D., = 90 Dso = 100
4,817 tons 834 tons 171 tons 44 tons
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4.5 Riparian Vegetation: Study Area

Comparison

Because the stream channd at Site 8 was recently constructed and vegetation patterns have not yet had
timeto devel op, the ability to compare Sites 7 and 8 issomewhat limited. Nevertheless, severd differences
between the sites can be discerned.

As previoudy discussed, there is a dight difference in the flow level below which no vegetation growth
occurs(Table4.4). Specificdly the“low flow” levd a Ste8is 120 cfs whileat Site 7 it is150 cfs. This
ismogt likely afunction of the fact that flows are typically somewhat higher at Site 7 than at Site 8 due to
tributary and groundwater inputsthat occur betweenthe sites. For example, on April 26, 2002, streamflow
at Site 7 was field-measured at 169 cfs, while the average flow recorded at the River Road gage (located
near Site 8 - see Map 1.3) for that date was only 145 cfs. This difference in base flow leve during the
growing season is reflected in the leve to which vegetation is able to extend into the channd.  However,
the difference in hydrology between the sites is rdatively minor, and flow data from the Midway gage
(located betweenthe sites) provide a reasonabl e representation of the flow regimes at both Site 7 and Site
8.

Table 4.4. Streamflow associations with riparian vegetation at
different study sites.
Approximate Approximate -
Stud Flow above Flow that Maximum I\C\?exigineudm
Site y which Inundates Wetted Width Width at
Vegetation is Channel Shelf at 700 cfs
; 1100 cfs
Inundated or Floodplain
Site 8 120 cfs 700 cfs 115 feet’ /130 >200 feet
Site 7 150 cfs 900 cfs 82 feet 88 feet

2 main channel only
b left + right channels at Transect 2

Another difference between the Stesis the flowlevd a which floodplain areas become inundated (Table
4.3). At Site 8, ggnificant inundation of the low portion of theriver right floodplain near Transect 1 occurs
a 700 cfs. At Site 7, dgnificant inundation of the idand at Transect 1 and low portion of theriver right
floodplain below Transect 3 does not occur until 900 cfs. This difference means that out-of-bank flows
occur more frequently at Site 8 than at Site 7.

Inadditionto the fact that out-of-bank flowsoccur morefrequently at Site 8, thelatera extent of inundation
when flows do get out of the channd ismuch greater at Site 8 than at Site 7. For example, at the 700 cfs
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flow level, maximum main-channe flow width a Site 8 is about 115 feet, and the combined flow width of
the left and right channels at Transect 2 is 130 feet. In contrast, the maximum wetted width at 700 cfs at
Site 7 is only 82 feet (Table 4.3). More sgnificantly, when flows increase from 700 to 1,100 cfs, the
maximum flow width at Site 7 only increases dightly, to 88 feet. Thisis despite the fact that at 1,100 cfs
the idand crossed by Transect 1 is fully inundated and the low portion of the river right floodplain near
Transect 3isinundated (Figure 3.39). Activefloodplain areasa Site 7 arejust not very wide dueto levees
and channdlization.

At Site 8, incontrast, the maximum wetted widthincreases Sgnificantly betweenthe 700and 1,100 cfs flow
leves (Table 4.3). Although aquatic habitat at flows above 725 cfs were not modeled at Site 8, field-
aurveys of the water surface at 1,100 cfsindicate that gpproximately 80 feet of the river right floodplain
becomes inundated between 700 and 1,100 cfs, increasing the combined flow width of the left and right
channels at Transect 2 to more than 200 feet. If the wetted width of the nearby Site 8c side channd were
aso consdered, total flow width would further increase to more than 300 fest.

The difference in flow width between Site 7 and Site 8 is sgnificant because it means that the maximum
lateral extent of potentid riparianrecruitment surfacesismuchamdler at Ste7. Thisdifferenceisindiceaive
of differences between channdized and unchanndized reaches of the Middle Provo River on a broader
scde. The study by Stromberg et a. (1999) found that riparian vegetation width in the section of Reach
8 near Midway that has higtoricaly remained unchanndlized was as great as 1300 feet (400 m), while
riparian vegetation width in channdized portions of the river was only 200-400 feet.

In addition to caudng a difference in maximum flow width, the differences in channel and floodplain
geometry between Sites 7 and 8 also lead to a difference in the potentia for successful cottonwood
recruitment. Because more total surface areais inundated at a given flow at Site 8, the total area of
sediment deposition and amount of potential germination substrate would be substantialy grester than a
Site7. At Site7, thefloodplain surfaces are more doping than theflat surfaces at Site 8 (Figures 3.12 and
3.39), suchthat germination and recruitment could only occur dong ardétively narrow band a Site 7; a
Site 8, recruitment could occur across an entire broad surface.

Cottonwood recruitment potentid is aso enhanced by the greater diversity of fluvid surfaces present at Site
8. For ingtance, theriver right floodplain at Site 8 isinundated by relatively low-magnitude, frequent flood
flows, while the river left floodplain is only inundated by high-magnitude events. The idand a Site 8 is
inundated by flood flows of intermediate frequency and magnitude. This variety increases the probability
that conditions will be right for cottonwood recruitment somewherewithin Ste 8 in any given water year.
The presence of nearby side channels (such as 8e and 8c) with distinct flow vs. inundation reationships
further addsto fluvid diversity and enhancesthe likelihood of successful recruitment. At Ste 7, theleft and
right floodplain surfaces have smilar inundation stages, and the probakility of successful recruitment in a
given year would be similar in both locations.
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4.6 Integrated Resource Discussion

Aqueatic habitat reationships described for the various reaches of the Middle Provo River assume gatic
conditions and are based grictly ondepth and velocity criteria. Although necessary for modeling purposes,
we acknowledge that this approach smplifies the dynamic nature of riverine ecosystems and merdly
providesasnapshot intime. It isimportant to note that the aquatic environment of the Middle Provo River
will likely adjust and change over time especidly in the newly restored reaches such as Site 8 asriparian
vegetation matures and fluvia processes reach amore stable state of dynamic equilibrium. Side-channels
suchas Site 8c will soon be lined and/or covered with woody vegetation and the bankswill likely steepen
and become more built up withsediment accumulations. Channel narrowing and vegetation encroachment
will likely a so occur inthe channdized reaches as they continue to adapt to the post Jordanelle flowregime.

Aswith the lower reachesbelow Deer Creek Dam (Olsenet d, 2002), it is gpparent that the relationships
between streamflow and the various ecol ogical components of the Middle Provo River are complex, norn-
linear, and variable. Flows of differing magnitudes and patterns are needed to maximize conditions for
individua resources. For example, modding resultsindicatethat at most main channel sudy Sites, aquatic
habitat is maximized at relatively low flows (250 cfs or less). On the other hand, large floods capable of
transporting bedload sediment and inundeting floodplain surfaces are needed for successful riparian
vegetation recruitment. At mogt Sites, suitable aquatic habitat for fish is extremdy limited at flood flows
greater than 1,000 cfs. However, flows of this megnitude are necessary to preserve the morphologica
characterigtics of the channd and provide recruitment areas for riparian vegetation. Consequently, even
though flood flows appear somewnhat detrimental to fish habitat over the short-term, they remain essential
for habitat maintenance and other ecologica components of the riverine system over the long-term.
Because of these conflicting flow needs within and between resources, the results of individual components
of any single resource should not be consdered in isolation.

One important consideration is that the physica and biologicd relationshipswithstreamflowin the Middle
Provo River are quite different between the channdized and unchanndlized reaches. Although somewhat
graightforward, many differences between the two reaches are compounded by dissmilar rates of change
and nonpardld responses to varying flow conditions. The unchanndlized reaches not only have a wider
vaiety of velocities and depths at any givenflow (i.e., better defined poal, riffle and run habitats), but dso
adjusts or fluctuates at an accelerated rate as flows change. For example, the fluctuation or range of
velocities at flows between 100-2,000 cfs in riffles is nearly 2 times greater in the unchannelized reaches
than occur in the channelized reaches (Table 4.1). The aguetic environment of the channelized reaches
remanmore paidly and temporaly homogeneous over the range of flowsconsidered inthisstudy. Huvid
processesthat create and maintain habitat conditions and promote recruitment of riparian vegetati on occur
more oftenand remains active for alonger durationeachyear in the unchanndized reaches. Ingenerd, the
unchanndized reaches of the Middle Provo River currently maintains gregater habitat diversity and supports
awider variety of ecological functions thanthe channelized reaches under the current flow regime; and with
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natura adjustments to the ever changing fluvid environment, the unchannelized reaches are predicted to
continue supporting al beneficid uses including native fish habitat into the foreseeable future.
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APPENDIX A: DEVELOPMENT OF
HABITAT SUITABILITY INDEX CURVES

Habitat Suitability Index Curves

Habitat Suitability Index or HSl curves were developed for depth, velocity, and substrate (for spawning
life stages) for each species and life history stage (fry, Y QY [young-of-year], juvenile, adult, spavning) in
the Provo River, where possible. For the coldwater species found in the Provo River, depth and velocity
arethe primary factors that dictate habitat use. Substrate and cover are often important in habitat selection
but are not consdered primary factors affecting habitat selectioninthe Provo River. The exception isthe
spawning life stage for each species which generdly require specific substrate types; the availability of
appropriate substrate was consdered for cdculating habitat availability for thet life dage. Subdtrate is
probably of limited importance in other instances because it is predominantly uniform(cobble) throughout
the Provo River. Although some mesohabitats have larger bouldersor gravel/sand mixtures for substrate,
these habitats are generally associated withve ocitiesthat differ fromthe mainstemand selection based on
these subgtrate types would be accounted for by a velocity suitability curve.

Regarding cover, datagathered by Dr. Mark Belk on sx central Utah streams (Ol senand Bek 2001) does
not show any discernible relationships between habitat selectionand cover for any speciesand snorkeling
activitiesinthe Provo River yidded smilar conclusons (BIO-WEST unpublisheddata). Asinother rivers,
cover is generdly important to brown trout in the Provo River, but less so when they are feeding. Brown
trout often utilize cover, or remain fairly close to cover, but occupy more open areas when feeding. But
because fish in the Provo River are feeding during most daylight hours in the summertime and because
cover probably does not fluctuate dramaticaly with changes in discharge (much of the cover is large
boulders and large woody debris that will generdly remain in place under dl but the most extreme high
flows), adding a cover suitability curve for brown trout was unnecessary.

HSI Curve Development

For this study, acombination of data sources were used to develop HSI curves for use in the analyses.
HSI curvesdevel oped for specieslife history stagesin other studies were examined and evaduated relative
to biologica data gethered in the Provo River. Where possible, data from other streams or riversinUtah
or fromsamilar-Szed riverswereused. Frequently, severd curves were compared and asingle HSI curve
created based ondegree of smilarity of Provo River habitat to the study area used in curve devel opment.
To gather additiond datafor individua speciesor assemblages where datagapsexisted, BIO-WEST dso
conducted fisheries sampling efforts (snorkel observations) ineach study reach. In particular, a high-flow
snorkding effort (described below) was conducted to assess the use of higher velocity water by brown
trout. These snorkeling efforts were conducted in each available habitat type and assged in
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selection/modification of brown trout and mottled sculpin curves. A few other species were observed, but
observations were too infrequent to assist in curve devel opment.

HSI curves were developed for depth and veocity suitability of each specied/life history stage where
possible, but a lack of information on some species and life history stages limited curve development.
Therefore, ahabitat niche approachwas used to incorporate dl speciesfound inthe Provo River. For each
species, the range of vauesthat fdl above the 50% suitability threshold on both depth and velocity HSI
curves were used to define its habitat “niche.” A cluster andysis conducted by Dr. Mark Belk on Provo
River fishes (Belk and Elsworth 2000) greetly asssted in grouping fishes for which HSl curves could not
be developed with those having smilar habitat associations. Species with smilar niches were grouped
together and ultimately, aght representative habitat niches were selected. Each species was assigned to
one (or more) of the following niches (Figure 2.1):

@ Backwater / Edge

2 Slow / Shalow

3 Moderate / Shallow
4 Fast / Shalow

) Moderate / Mid-Depth
(6) Fast / Mid-Depth

@) Moderate / Deep

(8 Fast / Deep

Table 2.6 depicts the fisheslife stages represented by each habitat niche, while Table A1 provides a
description of the habitat niche for each species.

In addition to being categorized into habitat niches, some species/life stages of particular interest were
modeled usng suitability criteriadirectly from HSl curves: Thisincdudes dl life stages of brown trout and
“dl trout” throughout the Provo River, and June sucker spawning in Reaches 1 and 2 of the lower Provo
River. The“dl trout” classfication includes a composite criteria for brown trout, rainbow trout, and
cutthroat trout. The reasoning behind this composite classficationisto avoid over-representation of trout
habitat inthe Provo River by modding each of the three species individualy and summing al habitet. The
HSl curvesfor brown trout, “dl trout”, and June sucker-spawning are presented in Figures Al - A7.

A sengtivity andyss was conducted on the habitat niche versus HSl gpproach. This was completed by
modeling severa speciesviaindividud HSI curvesand also by habitat niche and comparing the flow versus
habitat relationship for these species. The relationships (trends) for the tested species were very smilar
while the total amount of habitat varied as expected. Theintent isto represent habitat typesthat encompass
adiversty of species and to display relationships of habitat versus flow. The concluson of the sengtivity
andysisisthat the niche gpproach does represent the habitat versus flow relationships of the Provo River
Species.
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Table A-1. Niche use by species/lifestages.

June sucker
mountain whitefish

mountain whitefish
mountain whitefish

mountain sucker

mountain sucker
Utah sucker

Utah sucker
Utah sucker
mottled sculpin

mottled sculpin
speckled dace

speckled dace
speckled dace
longnose dace

longnose dace
longnose dace
leatherside chub

redside shiner

spawning
adult

juvenile, spawning
fry

adult

juvenile, YOY
adult

juvenile
YOY
adult, juvenile

YOY
adult

juvenile
YOY
adult

juvenile
YOY
adult, juvenile, YOY
adult, juvenile, YOY

SPECIES LIFESTAGE NICHE
brown trout adult, juvenile, fry (5) Moderate / Mid-depth
brown trout spawning (2) Slow / Shallow
(3) Moderate / Shallow
(5) Moderate / Mid-depth
all trout adult (5) Moderate / Mid-depth
all trout juvenile, fry, spawning (2) Slow / Shallow

(3) Moderate / Shallow
(5) Moderate / Mid-depth
(5) Moderate / Mid-depth
(5) Moderate / Mid-depth

(7) Moderate / Deep
(5) Moderate / Mid-depth

(1) Backwater / Edge

(5) Moderate / Mid-depth
(2) Slow / Shallow

(3) Moderate / Shallow
(4) Fast / Shallow

(5) Moderate / Mid-depth
(6) Fast / Mid-Depth

(1) Backwater / Edge

(5) Moderate / Mid-depth
(7) Moderate / Deep
(5) Moderate / Mid-depth
(1) Backwater / Edge
(2) Slow / Shallow
(3) Moderate / Shallow
(4) Fast / Shallow
(2) Slow / Shallow
(2) Slow / Shallow
(3) Moderate / Shallow
(2) Slow / Shallow
(1) Backwater / Edge
(2) Slow / Shallow

(3) Moderate / Shallow
(5) Moderate / Mid-depth

(2) Slow / Shallow

(1) Backwater / Edge

(1) Backwater / Edge

(1) Backwater / Edge
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Fish Sampling (snorkeling)

Although data from previous studies in nearby/smilar habitat were used predominantly to develop habitat
suitability curves and habitat niches, some data were gathered on the Provo River to assist in model
verification and provide indght where data gaps existed. Severad methods were considered, but direct
observation through snorkeling was chosen as the most accurate means of assessing true habitat usage.
Unfortunately, this limited the range of the fish community that could reedily be observed to trout species,
mountain whitefish, and sculpin. Other species are generdly small-bodied and, &t least in the main river,
difficult to gpproach to a distance where observation and recognition is possible without sartling.

Snorkeling was conducted during two digtinct periods during the annud discharge cycdle inthe Provo River:
once during low flowsinthe spring, and again during the higher flows of mid-summer. The primary focus
during each period wasto determine habitat usage, specificaly depth and velocity of occupied habitats, but
the methodology used differed dightly in each effort. During the spring, entire study Stes were snorkeled
moving fromdownstreamto the upstream boundaries of the ste. This provided anexaminationof habitat
used relative to total area, but did not provide acomparisonof lower versus higher velocity habitat use or
the range of available velocities. In the summer, specific ranges of velocity were chosen a priori and
gmilar-szed habitats outlined before snorkeling began. This method allowed for a comparison of habitat
use of each of several mgjor velocity rangesto determine if fishuse higher velocity habitat whenthat iswhat
is predominantly avallable, or whether fishwill seek out lower velocity habitats and congregate there. Also
in the summer, with higher velocities, the snorkdling possibilities were more restricted and amuchamdler
areawas available to sample.

Methodology differed dightly between the two snorkel efforts. In the spring, observers moved upsiream
and marked each observation with pin flags, species and estimated length were noted for each individud
onadiver'sdae. Following the underwater survey, measurementsof depth and velocity were made and
the location was marked on a survey map of the dte. Entire Sites were snorkeled in the spring indluding
gtes 1, 2, 3, 6, and 8. Thisresulted in anumber of observations within awide range of velocities, but did
not assess the use of high and low ve ocities relaive to the total amount of habitat available.

The follow-up snorkding effort in the summer was designed to assess the use of higher velocity habitat by
samplingaamilar anount of habitat within different velocityranges. Becausethe spring snorkeling reveded
that depth suitability was highinthe 1-4 foot depth range and low outside of this range, only habitatswithin
that depthrange were sampled. Ve ocity rangeswere predetermined andincluded 0.05 - 0.25 m/sec, 0.25
- 0.4 m/s=c, 0.4 - 0.6 m/sec, and 0.6 - 0.8 m/sec, which correspond to the major breaks in habitat
suitability observed in other studies; these ranges were referred to as “BINSs 1-4.”  In the fied however,
it was immediatdly apparent that most habitat fdl within the upper BINSs, induding a sgnificant amount
above the highest BIN range. Thus“BIN 5" wasadded and included velocitiesof 0.8- 1.0m/sec. Within
each dte, areas were chosen that had representative habitat quality and quantity of each BIN rddive to
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the entire gte. Before snorkeling, BINS were ddineated within the area by taking numerous velocity
measurements with a Marsh-McBirney flowmeter.

Initidly, effort wasto be standardized across sample areas by time, but withthe higher flows, some habitats
required floating downstream to make observations, while in others, moving upstream remained the
preferred method. This resulted inashift from standardizing by overdl time spent ineach BIN tototal area
covered in each BIN (and assuming complete coverage of the area during each sample). Three samples
were conducted in most areas (weather and limits on time restricted the number to two in some sites) to
correspond with different times of the day to limit the influence of this parameter on observed differences
between BIN habitats. The three sampleswere conducted inlate morning (10am - 12pm), early afternoon
(1pm - 3 pm) and late afternoon (3:30pm to 5:30 pm). These efforts were concentrated in Study Site 6
and an area below Study Site 5 (but above Vivian Park) because these two areas provided the greatest
range of BIN vdodities including some habitat inthe lower BINS, whichwas very rare throughout the river
during this higher discharge period. Individual observations were assigned to one of the BINs based on
the area outlined prior to snorkeling; individua measurements of depth and velocity were not taken.
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APPENDIX B: MEASURED VERSUS
MODELED WATER
SURFACE AND
VELOCITY VALUES
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Figure B1. Comparison of modeled versus field-surveyed water surface elevations for three flow levels at Site 5.
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APPENDIX C: HYDROLOGIC DATA
AND ANALYSES



APPENDIX C. HYDROLOGIC DATA
AND ANALYSES

Background

As discussed in Section 1 of this report, the hydrology of the Provo River has been subgtantialy atered
by a complex network of dams, water imports, and water diversons constructed for hydropower,
irrigation, and water supply purposes. In order to understand how these dterations have affected flows
on the Provo River and in order to describe existing hydrologic conditions, severd analyses were
performed using available hydrologic data.

Data Sources

Average daly flow and instantaneous peak flow data were obtained fromU.S. Geologica Survey (USGS)
records for the streamflow gages located on the Provo River (Map 1.3, Table C1).

Table C1. U.S. Geological Survey gage characteristics.

FLAoYE RIVEL REEr 10155000 1949-2001 278.1
Hailstone

Provo River near 1938-1950;

Charleston 10155500 1992-2001 217.2
Pl_'ovo River near 10155300 1995-2001 222.6
Midway

Average daily flow data for the specific study sites were caculated from the gage data aslisted in Table
C2. Based on areview of the available gage data and comparison with field-measured discharge vaues,
it was determined that the Provo River near Midway gage best approximates flows at Sites 7 and 8.

Table C2. Hydrologic data sources and calculation techniques

for studi sites.

Sites 7 and 8 USGS #10155300 (Provo River near Midway)

“unregulated” USGS #10155000 (Provo River near Hailstone)
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Inorder to illudrate the difference between existing flow conditions and what flows would be without the
influence of Jordandle Dam, the Hallstone gage data set was used to represent “unregulated” flows. The
Hailsone USGS gage islocated upstream from Jordanelle Dam (M ap 1.3). Becausethereisno sgnificant
increase in mean annud flow volume associated with the increased drainage area between the Hailstone
gage Ste and Sites 7 and 8, no adjustments were made to the Hailstone data. It isimportant to note that
the Hallstone data set does not represent “naturd” flow conditions, because flows at the Hallstone gage
are affected by water imports via the Duchesne Tunnel and Weber-Provo Canal. However, it does
provide a ussful gpproximation of the flow magnitudes and patterns that would occur on the Provo River
without the effects of Jordandlle Damand other diverdonsthat occur downstreamfromthe Hallstone gage.

Hydrographs

Because water operations on the Provo River system have undergone recent changeswiththe completion
of Jordanelle Damand the establishment of target flow releases for June sucker, the dataperiod of October
1996 to September 2001 (i.e., water years 1997-2001) was used to represent existing hydrologic
conditions. Although thisisashort data period, it does encompassa climatic range from rdaively dry to
relatively wet years. Hydrographs were plotted for water year 1999 to represent typica seasond flow
patterns during an average water year (Figure C1). Water year 1999 was selected because at the
Hailstone gage, which is unaffected by dam operations, the mean annua flow for 1999 was closest to the
long-term average mean annud flow a Hailstone. Asacomplimentary means of illudtrating average flow
conditions, average dally flows were aso plotted for each ste (Figure C2). Average dally flows were
caculated by taking the 1997-2001 flows for a given date and averaging the vaues to come up with an
average daily flow for that date.

Flow Duration Analysis

Flow duration curves representing the percent of time agivenflowisequaled or exceeded are plotted for
the different sitesin Figure C3, and flow duration data are presented in Table C3.

Flood Frequency Analysis

I nstantaneous pesk flow datawere andyzed to determine the frequency and magnitude of flood flows on
the Provo River a Sites 7 and 8 (Midway gage) and for the “unregulated” Hailstone gage.

The magnitudes ofthe 1, 2, 5, 10, 25, 50, and 100-year recurrence interva floods were determined using
log-Pearson Type |11 andysis (Table C4, Figure C4). The andysis was performed for two didinct time
periods at the Hallstone gage: water years 1997-2001; and, the complete period of record for the gage
(1950-2001). The period 1997-2001 was examined to illustrate existing conditions since completion of
Jordanelle Dam and provision of target June sucker flow releases. However, this period of time is short
and may not provide an accurate prediction of large, infrequent floods such as the 50 or 100-year event.
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Typical Provo River Hydrographs
Data from Water Year 1999
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Figure C1. Typical hydrographs for Provo River sites. Data from
water year 1999.
Average Provo River Hydrographs
Average Flows Water Years 1997-2001
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Figure C2. Average Provo River Hydrographs for Water Years
1997-2001.
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Flow Duration Curves
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Figure C3. Provo River flow duration curves.

Therefore, the full data set avallable was used to provide a second set of flood values that incorporate
longer-term climétic variability into the andyds. The data set for the Midway gage only includes water
years 1996-2001; therefore, only the results of the 1997-2001 frequency analysSs are presented. For
completeness, long-term flood frequency vaues are dso presented for the Charleston gage, which is
located downstream from Site 7 (Map 1.3) and has alonger period of record. However, flows at the
Charlestongage are typicaly higher thanthe flowsat Sites 7 and 8 duetoinputsfromgroundwater sources.
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Table C3. Flow duration data for Provo River sites.

99 111 19
98 115 25
95 122 30
92 126 43
90 127 60
85 131 78
80 134 85
75 136 90
70 138 95
60 142 105
50 147 116
40 153 130
30 179 161
25 202 193
20 233 262
15 348 494
10 452 797
8 506 922
5 639 1283
2 996 2060
1 1240 2563

Table C4. Flood frequency values for Provo River gages.

589 647 504 1414 684
1284 1383 1347 3208 2613
5 1758 1911 1773 3669 3298
10 2086 2286 2014 3835 3573
25 2518 2792 2281 3959 3795
50 2850 3192 2458 4014 3901
100 3193 3610 2618 4050 3974
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Provo River Flood Frequency Plots
water years 1997-2001
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Figure C4. Flood frequency curves for Provo River gage sites.
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